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A third of a century has passed sinee the first edition of 
elinieally Oriented Anatomy appeared on bookstore 
shelves. Althongh the faetnal basis of anatomy is remark- 
able among basie seienees for its longevity and eonsisteney, 
this book has evolved markedly sinee its ineeption. This is a 
refleetion of ehanges in the elinieal applieation of anatomy, 
new imaging teehnologies that reveal living anatomy in new 
ways, and improvements in graphie and pnblieation teeh- 
nology that enable snperior demonstration of this informa- 
tion. Efforts eontinne to make this book even more stndent 
friendly and anthoritative. The seventh edition has been 
thoronghly reviewed by stndents, anatomists, and elinieians 
for aeenraey and relevanee and revised with signifleant new 
ehanges and npdates. 

KEY FEATURES 

elinieally Oriented Anatomy has been widely aeelaimed 
for the relevanee of its elinieal eorrelations. As in previons 
editions, the seventh edition plaees elinieal emphasis on 
anatomy that is important in physieal diagnosis for primary 
eare, interpretation of diagnostie imaging, and nnderstand- 
ing the anatomieal basis of emergeney medieine and general 
snrgery. Speeial attention has been direeted toward assisting 
stndents in learning the anatomy they will need to know in 
the twenty-flrst eentnry, and to this end new featnres have 
been added and existing featnres npdated. 

Extensìve art program. The seventh edition is distin- 
gnished by an extensive revision of the art program. Working 
with a team of artists from Imagineering, every illnstration 
has been revised, improving aeenraey and eonsisteney and 
giving elassieal art derived from Granfs Atlas of Anatomy 
a fresh, vital, new appearanee. An effort has been made to 
ensnre that all the anatomy presented and eovered in the text 
is also illnstrated. The text and illnstrations have been devel- 
oped to work together for optimnm pedagogieal effeet, aid- 
ing the learning proeess and markedly redneing the amonnt 
of searehing required to flnd strnetnres. The great majority 
of the elinieal eonditions are snpported by photographs and/ 
or eolor illnstrations; mnltipart illnstrations often eombine 
disseetions, line art, and medieal images; tables are aeeom- 
panied by illnstrations to aid the stndent’s nnderstanding of 
the strnetnres deseribed. 

eiìníeal eorrelatíons. Popnlarly known as “blne boxes,” 
the elinieal information seetions have grown, and many of 


them are snpported by photographs and/or dynamie eolor 
illnstrations to help with nnderstanding the praetieal valne 
of anatomy. In response to onr readers’ snggestions, the blne 
boxes have been gronped together within ehapters, enabling 
presentation of topies with less intermption of the rnnning text. 

Bottom líne sommaríes. Frequent “bottom line” boxes 
snmmarize the preeeding information, ensnring that primary 
eoneepts do not beeome lost in the many details neeessary 
for thorongh nnderstanding. These snmmaries provide a 
eonvenient means of ongoing review and nnderseore the big 
pietnre point of view. 

Anatomy deseríbed ín a praetìeal^ fnnetíonal eon- 
text. A more realistie approaeh to the mnsenloskeletal sys- 
tem emphasizes the aetion and nse of mnseles and mnsele 
gronps in daily aetivities, emphasizing gait and grip. The 
eeeentrie eontraetion of mnseles, whieh aeeonnts for mneh 
of their aetivity, is now disenssed along with the eoneentrie 
eontraetion that is typieally the sole foens in anatomy texts. 
This perspeetive is important to most health professionals, 
inelnding the growing nnmber of physieal and oeenpational 
therapy stndents nsing this book. 

Surface anatomy and medìeal ìmagìng. Snrfaee 
anatomy and medieal imaging, formerly presented sepa- 
rately, are now integrated into the ehapter, presented at 
the time eaeh region is being disenssed, elearly demon- 
strating anatomy’s relationship to physieal examination 
and diagnosis. Both natnral views of nnobstrneted snrfaee 
anatomy and illnstrations snperimposing anatomieal strne- 
tnres on snrfaee anatomy photographs are eomponents of 
eaeh regional ehapter. Medieal images, foensing on normal 
anatomy, inelnde plain and eontrast radiographie, MRI, 
CT, and nltrasonography stndies, often with eorrelative line 
art as well as explanatory text, to help prepare fntnre pro- 
fessionals who need to be familiar with diagnostie images. 

Case stydìes^ aeeompanied by elinieo-anatomieal 
problems and board review-style multiple-choice 
questions. Interaetive ease stndies and mnltiple-ehoiee 
questions are available to onr readers online at http:// 
thePoint.lww.eom, providing a eonvenient and eomprehen- 
sive means of self-testing and review. 

Terminology. The terminology fnlly adheres to Termi- 
nologia Anatomiea (1998), approved by the International 
Federation of Assoeiations of Anatomists (IFAA). Althongh 
the offieial English-equivalent terms are nsed thronghont the 
book, when new terms are introdneed, the Latin form, nsed 
in Enrope, Asia, and other parts of the world, is also provided. 
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The roots and derivations of terms are provided to help stn- 
dents nnderstand meaning and inerease retention. Eponyms, 
althongh not endorsed by the IFAA, appear in parentheses in 
this edition—for example, sternal angle (angle of Lonis)—to 
assist stndents who will hear eponymons terms dnring their 
elinieal stndies. The terminology is now available online at 
http://www.unifr.ch/ifaa. 


• Blne boxes are elassifìed by the following ieons to indieate 
the type of elinieal information eovered: 


Anatomieal variations. These blne boxes fea- 
tnre anatomieal variations that may be eneonn- 
tered in the disseetion lab or in praetiee, 
emphasizing the elinieal importanee of awareness of sneh 
variations. 



RETAINED AND IMPROVED 
FEATURES 

Stndents and faenlty have told us what they want and expect 

from elinieally Oriented Anatomy, and we listened: 

• A eomprehensive text enabling stndents to fìll in the 
blanks, as time allotted for leetnres eontinnes to deerease, 
laboratory gnides beeome exclusively instrnetional, and 
mnltianthored leetnre notes develop ineonsisteneies in 
eomprehension, faet, and format. 

• A resonree eapahle of snpporting areas of speeial interest 
and emphasis within speeifìe anatomy eonrses that serves 
the anatomy needs of stndents dnring hoth the hasie sei- 
enee and the elinieal phases of their stndies. 

• A thorongh Introdnetion that eovers important systemie 
information and eoneepts basie to the nnderstanding of 
the anatomy presented in the subsequent regional ehap- 
ters. Stndents from many eonntries and baekgronnds have 
written to express their views of this book—gratifyingly, 
most are eongratnlatory. Health professional stndents 
have more diverse baekgronnds and experiences than 
ever before. Gnrrienlar eonstraints often resnlt in nnjnsti- 
fìed assnmptions eoneerning the prerequisite information 
neeessary for many stndents to nnderstand the presented 
material. The introdnetion inelndes effìeient snmmaries 
of fnnetional systemie anatomy. Stndents’ eomments spe- 
eifìeally emphasized the need for a systemie deseription 
of the nervons system and the peripheral antonomie ner- 
vons system (AN S) in partienlar. 

• Rontine faets (sneh as mnsele attaehments, innervations, 
and aetions) presented in tahles organized to demonstrate 
shared gnalities and illnstrated to demonstrate the pro- 
vided information. Clinically Oriented Anatomy provides 
more tables than any other anatomy textbook. 

• Illnstrated elinieal eorrelations that not only deseribe bnt 
also shoiv anatomy as it is applied elinieally. 

• iHnstrations that faeilitate orientation. Many orientation 
fìgnres have been added, along with arrows to indieate 
the loeations of the inset fìgnres (areas shown in close-up 
views) and viewing sequences. Labels have been plaeed 
to minimize the distanee between label and objeet, with 
leader lines rnnning the most direet eonrse possible. 






Life eyele. These blne boxes emphasize prenatal 
developmental faetors that affeet postnatal anatomy 
and anatomieal phenomena speeifìeally assoeiated 
with stages of life—ehildhood, adoleseenee, adnlt, and 
advaneed age. 

Trauma. The effeet of tranmatie events—sneh as 
fraetnres of bones or disloeations of joints—on nor- 
mal anatomy and the elinieal manifestations and 
dysfnnetion resnlting from sneh injnries are featnred in these 
blne boxes. 

Diagnostie proeednres. Anatomieal featnres and 
observations that play a role in physieal diagnosis are 
targeted in these blne boxes. 

Snrgieal proeednres. These blne boxes address 
sneh topies as the anatomieal basis of snrgieal 
proeednres, sneh as the planning of ineisions, 
and the anatomieal basis of regional anesthesia. 

Pathology. The effeet of disease on normal anat- 
omy, sneh as eaneer of the breast, and anatomieal 
strnetnres or prineiples involved in the eonfine- 
ment or dissemination of disease within the body are 
the types of topies eovered in these blne boxes. 

Boldfaee type indieates the main entries of anatomi- 
eal terms, when they are introdneed and defìned. In the 
index, the page nnmbers of these main entries also appear 
in boldfaee type, so that the main entries ean be easily 
loeated. Boldfaee type is also nsed to introdnee elinieal 
terms in the elinieal eorrelation (blne) boxes. 
italie type indieates anatomieal terms important to the 
topie and region of stndy or labeled in an illnstration that 
is being refereneed. 

Useful eontent ontlines appear at the beginning of every 
ehapter. 

instrnetor’s resonrees and snpplemental materials are 
available at http://thePoint.lww.com. 

Anne M. R. Agnr, Ph.D., joined Keith Moore and Arthnr 
Dalley as a co-author for the sixth edition. From the ont- 
set, elinieally Oriented Anatomy has ntilized materials 
from Granfs Atlas, for which Anne has had responsibility 
sinee 1991. Anne made signifìeant eontribntions to previons 
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editions of Clinically Oriented Anatomy beyond the sharing 
of materials from Granfs Atlas, and has been involved in— 
and been an asset to—every stage of the development of this 
and the previons editions. 

eOMMITMENT TO 
EDUCATING STUDENTS 


This book is written for health seienee stndents, keeping 
in mind those who may not have had a previons acquain- 
tanee with anatomy. We have tried to present the material 
in an interesting way so that it ean be easily integrated 
with what will be tanght in more detail in other disei- 
plines sneh as physieal diagnosis, medieal rehabilitation. 


and snrgery. We hope this text will serve two pnrposes: 
to edneate and to excite. If stndents develop enthnsiasm 
for elinieal anatomy, the goals of this book will have been 
fnlfilled. 

Keith L. Moore 
JJniversity of Toronto 
Faenlty of Medieine 

Arthnr F. Dalley II 
Vanderhilt JJniversity 
Sehool of Medieine 

Anne M. R. Agnr 
JJniversity of Toronto 
Faenlty of Medieine 


ABBREVIATIONS 


SL,y SLSL, 

artery, arteries 

ant. 

anterior 

B.e.E. 

before the Gommon (Ghristian) era 

e 

eervieal 

e.E. 

Gommon (Ghristian) era 

Co 

eoeeygeal 

dim. 

diminntive 

e.g. 

for example 

et al. 

and others 

F 

female 

Fr. 

F reneh 

G. 

Greek 

i.e. 

that is 

inf. 

inferior 

L 

liter, Inmbar 

L. 

Latin 


lev. 

levator 

lit. 

literally 

M 

male 

m., mm. 

mnsele, mnseles 

Mediev. 

medieval 

Mod. 

modern 

post. 

posterior 

S 

saeral 

snp. 

snperior, snperioris 

snpf. 

snperfieial 

T 

thoraeie 

TA 

Terminologia Anatomiea 

TE 

Terminologia Embryologi 

TH 

Terminologia Histologiea 

V., vv. 

vein, veins 

vs. 

versns 
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APPROAGHES TO STUDYING 
ANATOMY 

Anatomy is the setting (strnetnre) in which the events (fnne- 
tions) of life oeenr. This book deals mainly with fnnetional 
human gross anatomy —the examination of strnetnres of the 
hnman that ean be seen without a mieroseope. The three 
main approaehes to stndying anatomy are regional, systemie, 
and elinieal (or applied), refleeting the body’s organization 
and the priorities and pnrposes for stndying it. 

Regional Anatomy 

Regional anatomy (topographieal anatomy) eonsiders the 
organization of the hnman body as major parts or segments 
(Fig. I.l): a main body, eonsisting of the head, neek, and trnnk 
(snbdivided into thorax, abdomen, baek, and pelvis/perinenm), 
and paired npper limbs and lower limbs. All the major parts may 
be fnrther snbdivided into areas and regions. Regional anat- 
omy is the method of stndying the body s strnetnre by foensing 
attention on a speeifle part (e.g., the head), area (the faee), or 
region (the orbital or eye region); examining the arrangement 
and relationships of the varions systemie strnetnres (mnseles, 
nerves, arteries, ete.) within it; and then nsnally eontinning to 
stndy adjaeent regions in an ordered sequence. Ontside of this 
introdnetion, the regional approaeh is followed in this book, 
with eaeh ehapter addressing the anatomy of a major part of 
the body. This is the approaeh nsnally followed in anatomy 
eonrses that have a laboratory eomponent involving disseetion. 
When stndying anatomy by this approaeh, it is important to 
rontinely pnt the regional anatomy into the context of that of 
adjaeent regions, parts, and of the body as a whole. 

Regional anatomy also reeognizes the body’s organization 
by layers: skin, snbentaneons tissne, and deep faseia eov- 
ering the deeper strnetnres of mnseles, skeleton, and eavi- 
ties, which eontain viseera (internal organs). Many of these 
deeper strnetnres are partially evident beneath the body’s 


onter eovering and may be stndied and examined in living 
individnals via snrfaee anatomy. 

Surface anatomy is an essential part of the stndy of 
regional anatomy. It is speeifleally addressed in this book in 
“snrfaee anatomy seetions” (orange baekgronnd) that provide 
knowledge of what lies nnder the skin and what strnetnres 
are pereeptible to toneh (palpable) in the living body at rest 
and in aetion. We ean learn mneh by observing the exter- 
nal form and snrfaee of the body and by observing or feel- 
ing the snperfleial aspeets of strnetnres beneath its snrfaee. 
The aim of this method is to visnalize (reeall distinet mental 
images of) strnetnres that eonfer eontonr to the snrfaee or 
are palpable beneath it and, in elinieal praetiee, to distingnish 
any nnnsnal or abnormal flndings. In short, snrfaee anatomy 
requires a thorongh nnderstanding of the anatomy of the 
strnetnres beneath the snrfaee. In people with stab wounds, 
for example, a physieian mnst be able to visnalize the deep 
strnetnres that may be injnred. Knowledge of snrfaee anat- 
omy ean also deerease the need to memorize faets beeanse 
the body is always available to observe and palpate. 

Physieal examination is the elinieal applieation of snr- 
faee anatomy. Palpation is a elinieal technique, nsed with 
observation and listening for examining the body. Pal- 
pation of arterial pnlses, for instanee, is part of a physieal 
examination. Stndents of many of the health seienees will 
learn to nse instrnments to faeilitate examination of the body 
(sneh as an ophthalmoseope for observation of featnres of 
the eyeballs) and to listen to fnnetioning parts of the body 
(a stethoseope to ansenltate the heart and Inngs). 

Regional stndy of deep strnetnres and abnormalities in 
a living person is now also possible by means of radiographie 
and seetional imaging and endoseopy. Radiographie and 
seetional imaging (radiographie anatomy) provides nsefnl 
information abont normal stmetnres in living individnals, dem- 
onstrating the effeet of mnsele tone, body flnids and pressnres, 
and gravity that eadaverie stndy does not. Diagnostie radiology 
reveals the effeets of tranma, pathology, and aging on normal 
strnetnres. In this book, most radiographie and many seetional 
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Regions of iower iimb 


1 = Gluteal region 

2 = Anterior thigh region 

3 = Posterior thigh region 

4 = Anterior knee region 

5 = Posterior knee region 

V 

6 = Anterior leg region 

7 = Posterior leg region 

8 = Anterior talocrural (ankle) region 

9 = Posterior talocrural region 

10 = Foot region 

> 


FIGIJRE I.l. Major parts of the body and regìons of the lower lìmb. 

Anatomy is deseribed relative to the anatomieal position illustrated here. 

images are integrated into the ehapters where appropriate. 
The medieal imaging seetions at the end of eaeh ehapter pro- 
vide an introdnetion to the techniques of radiographie and see- 
tional imaging and inelnde series of seetional images that apply 
to the ehapter. Endoseopie technìques (nsing a insertable flex- 
ible flber optie deviee to examine internal strnetnres, sneh as 
the interior of the stomaeh) also demonstrate living anatomy. 
The detailed and thorongh learning of the three-dimensional 
anatomy of deep strnetnres and their relationships is best 
aeeomplished initially by disseetion. In elinieal praetiee, snr- 
faee anatomy, radiographie and seetional images, endoseopy, 
and yonr experience from stndying anatomy will eombine to 
provide yon with knowledge of yonr patient s anatomy. 

The eompnter is a nsefnl adjnnet in teaehing regional anat- 
omy beeanse it faeilitates learning by allowing interaetivity 
and manipnlation of two- and three-dimensional graphie 


models. Proseetions, earefnlly prepared disseetions for 
the demonstration of anatomieal strnetnres, are also nsefnl. 
However, learning is most effieient and retention is highest 
when didaetie stndy is eombined with the experience of first- 
hand disseetion —that is, learning by doing. Dnring dissee- 
tion yon observe, palpate, move, and sequentially reveal parts 
of the body. In 1770, Dr. William Hnnter, a distingnished 
Seottish anatomist and obstetrieian, stated: “Disseetion alone 
teaehes us where we may ent or inspeet the living body with 
freedom and dispateh.” 

Systemìe Anatomy 

Systemie anatomy is the stndy of the body’s organ systems 
that work together to earry ont complex fnnetions. The basie 
systems and the field of stndy or treatment of eaeh (in paren- 
theses) are: 

• The integnmentary system {dermatology ) eonsists of the 
skin (L. integumentum, a eovering) and its appendages— 
hairs, nails, and sweat glands, for example—and the snb- 
entaneons tissne jnst beneath it. The skin, an extensive 
sensory organ, forms the body’s onter, proteetive eovering 
and eontainer. 

• The skeletal system (osteology) eonsists of bones and 
eartilage; it provides onr basie shape and snpport for the 
body and is what the mnsenlar system aets on to prodnee 
movement. It also proteets vital organs sneh as the heart, 
Inngs, and pelvie organs. 

• The articular system (arthrology) eonsists of joints and 
their assoeiated ligaments, eonneeting the bony parts of 
the skeletal system and providing the sites at which move- 
ments oeenr. 

• The muscular system (myology) eonsists of skeletal mns- 
eles that aet (eontraet) to move or position parts of the 
body (e.g., the bones that artienlate at joints), or smooth 
and eardiae mnsele that propels, expels, or eontrols the 
flow of flnids and eontained snbstanee. 

• The nervous system {neurology) eonsists of the eentral 
nervons system (brain and spinal eord) and the peripheral 
nervons system (nerves and ganglia, together with their 
motor and sensory endings). The nervons system eon- 
trols and eoordinates the fnnetions of the organ systems, 
enabling the body’s responses to and aetivities within its 
environment. The sense organs, inelnding the olfaetory 
organ (sense of smell), eye or visnal system (ophthal- 
mology), ear (sense of hearing and balanee— otology), and 
gnstatory organ (sense of taste), are often eonsidered with 
the nervons system in systemie anatomy. 

• The circulatory system {angiology) eonsists of the 
eardiovasenlar and lymphatie systems, which fnnetion in 
parallel to transport the body’s flnids. 

• The cardiovascular system {eardiology) eonsists ofthe 
heart and blood vessels that propel and eondnet blood 
throngh the body, delivering oxygen, nntrients, and hor- 
mones to eells and removing their waste prodnets. 












































4 


lntroduction to Clinically Oriented Anatomy 


• The lymphatie system is a network of lymphatie vessels 
that withdraws exeess tissne flnid (lymph) from the body s 
interstitial (intereellnlar) flnid eompartment, fllters it 
throngh lymph nodes, and retnms it to the bloodstream. 

• The alimentary or digestive system {gastroenterology) 
eonsists of the digestive traet from the month to the anns, 
with all its assoeiated organs and glands that fnnetion in 
ingestion, mastieation (chewing), deglntition (swallow- 
ing), digestion, and absorption of food and the elimination 
of the solid waste (feees) remaining after the nntrients 
have been absorbed. 

• The respiratory system {pnlmonology) eonsists of the air 
passages and Inngs that snpply oxygen to the blood for eel- 
Inlar respiration and eliminate earbon dioxide from it. The 
diaphragm and larynx eontrol the flow of air throngh the 
system, which may also prodnee tone in the larynx that is 
fnrther modifled by the tongne, teeth, and lips into speeeh. 

• The urinary system {nrology) eonsists of the kidneys, 
nreters, nrinary bladder, and nrethra, which fllter blood 
and subsequently prodnee, transport, store, and intermit- 
tently excrete nrine (liqmd waste). 

• The genital (reprodnetive) system {gyneeology for 
females; andrology for males) eonsists of the gonads (ova- 
ries and testes) that prodnee ooeytes (eggs) and sperms, 
the dnets that transport them, and the genitalia that 
enable their nnion. After eoneeption, the female repro- 
dnetive traet nonrishes and delivers the fetns. 

• The endoerine system {endoerinology) eonsists of 
speeialized strnetnres that seerete hormones, inelnding 
diserete dnetless endoerine glands (sneh as the thyroid 
gland), isolated and elnstered eells of the gnt and blood 
vessel walls, and speeialized nerve endings. Hormones 
are organie moleenles that are earried by the eirenlatory 
system to distant effeetor eells in all parts of the body. 
The inflnenee of the endoerine system is thns as broadly 
distribnted as that of the nervons system. Hormones infln- 
enee metabolism and other proeesses, sneh as the men- 
strnal eyele, pregnaney, and partnrition (ehildbirth). 

None of the systems fnnetions in isolation. The passive skel- 
etal and artienlar systems and the aetive mnsenlar system eol- 
leetively eonstitnte a snpersystem, the loeomotor system or 
apparatns {orthopedies), beeanse they mnst work together 
to prodnee loeomotion of the body. Althongh the strnetnres 
direetly responsible for loeomotion are the mnseles, bones, 
joints, and ligaments of the limbs, other systems are indi- 
reetly involved as well. The brain and nerves of the nervons 
system stimnlate them to aet; the arteries and veins of the eir- 
enlatory system snpply oxygen and nntrients to and remove 
waste from these strnetnres; and the sensory organs (espe- 
eially vision and equilibrium) play important roles in direet- 
ing their aetivities in a gravitational environment. 

In this introdnetion, an overview of several systems sig- 
nifleant to all parts and regions of the body will be provided 
before Ghapters 1 throngh 8 eover regional anatomy in detail. 
ehapter 9 also presents systemie anatomy in reviewing the 
eranial nerves. 


eiinieal Anatomy 

elinieal anatomy (applied anatomy) emphasizes aspeets of 
bodily strnetnre and fnnetion important in the praetiee of 
medieine, dentistry, and the allied health seienees. It ineor- 
porates the regional and systemie approaehes to stndying 
anatomy and stresses elinieal applieation. 

elinieal anatomy often involves inverting or reversing the 
thonght proeess typieally followed when stndying regional 
or systemie anatomy. For example, instead of thinking, “The 
aetion of this mnsele is to . . . ,” elinieal anatomy asks, “How 
would the absenee of this mnsele’s aetivity be manifest?” 
Instead of noting, “The . . . nerve provides innervation to this 
area of skin,” elinieal anatomy asks, “Nnmbness in this area 
indieates a lesion of which nerve?” 

elinieal anatomy is exciting to learn beeanse of its role in 
solving elinieal problems. The elinieal eorrelation boxes (pop- 
nlarly ealled “blne boxes,” appearing on a blne baekgronnd) 
thronghont this book deseribe praetieal applieations of anat- 
omy. “Case stndies,” sneh as those on the Clinically Oriented 
Anatomy website (http://thePoint.lww.eom/COA7e), are 
integral parts of the elinieal approaeh to stndying anatomy. 


The Bottom Lìne 


STUDYING ANATOMY 

Anatomy is the study of the structure of the human body. 

♦ Regional anatomy eonsiders the body as organized into 
segments or parts. ♦ Systemie anatomy sees the body as 
organized into organ systems. ♦ Surface anatomy provides 
information about structures that may be observed or 
palpated beneath the skin. ♦ Radiographie, seetional, and 
endoseopie anatomy allows appreeiation of structures in 
living people, as they are affeeted by muscle tone, body flu- 
ids and pressures, and gravity. ♦ Clinical anatomy empha- 
sizes applieation of anatomieal knowledge to the praetiee 
of medieine. 


ANATOMieOMEDIGAL 

TERMINOLOGY 


Anatomieal terminology introdnees and makes up a large 
part of medieal terminology. To be nnderstood, yon mnst 
express yonrself elearly, nsing the proper terms in the eor- 
reet way. Althongh yon are familiar with eommon, colloquial 
terms for parts and regions of the body, yon mnst learn the 
international anatomieal terminology (e.g., axillary fossa 
instead of armpit and elaviele instead of eollarbone) that 
enables preeise eommnnieation among healtheare profes- 
sionals and seientists worldwide. Health professionals mnst 
also know the eommon and colloquial terms people are likely 
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to use when they deseribe their eomplaints. Furthermore, 
you must be able to use terms people will nnderstand when 
explaining their medieal problems to them. 

The terminology in this book eonforms to the new Intema- 
tional Anatomìeal Terminology. Terminologia Anatomiea (TA) 
and Terminologia Emhryologiea (TE) list terms both in Latin 
and as English equivalents (e.g., the eommon shonlder mnsele 
is museulus deltoideus in Latin and deltoid in English). Most 
terms in this book are English equivalents. Offieial terms are 
available at www.unifr.eh/ifaa. Unfortunately, the terminology 
eommonly used in the elinieal arena may differ from the offi- 
eial terminology. Beeanse this diserepaney may be a souree 
of eonhision, this text elarifies eommonly eonhised terms by 
plaeing the nnoffieial designations in parentheses when the 
terms are first used—for example, pharyngotympanie tuhe 
(auditory tube, eustachian tube) and internal thoraeie artery 
(internal mammary artery). Eponyms, terms ineorporating the 
names of people, are not used in the new terminology beeanse 
they give no clue about the type or loeation of the structures 
involved. Fnrther, many eponyms are historieally inaeenrate in 
terms of identifying the original person to deseribe a structure 
or assign its hmetion, and do not eonform to an international 
standard. Notwithstanding, eommonly used eponyms appear 
in parentheses throughout the book when these terms are first 
used—such as stemal angle (angle of Louis)—sinee you will 
surely encounter them in your elinieal years. Note that epony- 
mous terms do not help to loeate the structure in the body. 
The elinieally Oriented Anatomy website (http://thePoint. 
lww.eom/COA7e) provides a list of eponymons terms. 

Structure of terms. Anatomy is a deseriptive seienee and 
requires names for the many structures and proeesses of the 
body. Beeanse most terms are derived from Latin and Greek, 
medieal langnage may seem diffienlt at first; however, as you 
learn the origin of terms, the words make sense. For example, 
the term gaster is Latin for stomaeh or belly. Consequently, 
the esophagogastrie jnnetion is the site where the esophagns 
eonneets with the stomaeh, gastrie aeid is the digestive juice 
seereted by the stomaeh, and a digastrie muscle is a muscle 
divided into two bellies. 

Many terms provide information about a structure’s 
shape, size, loeation, or hmetion or about the resemblanee of 
one structure to another. For example, some mnseles have 
deseriptive names to indieate their main eharaeteristies. 
The deltoid musele, which eovers the point of the shonlder, 
is triangnlar, like the symbol for delta, the fourth letter of 
the Greek alphabet. The suffix -oid means “like”; therefore, 
deltoid means like delta. Bieeps means two-headed and tri- 
eeps means three-headed. Some mnseles are named aeeord- 
ing to their shape—the piriformis musele, for example, is 
pear shaped (L. pimm, pear - 1 - E. forma, shape or form). 
Other mnseles are named aeeording to their loeation. The 
temporal musele is in the temporal region (temple) of the 
eraninm (skull). In some eases, aetions are used to deseribe 
muscles—for example, the levator seapulae elevates the seap- 
ula (L. shoulder blade). Anatomieal terminology applies logieal 
reasons for the names of mnseles and other parts of the body. 


and if you learn their meanings and think about them as you 
read and disseet, it will be easier to remember their names. 

Abbreviations . Abbreviations of terms are used for brev- 
ity in medieal histories and in this and other books, such as in 
tables of mnseles, arteries, and nerves. Glinieal abbreviations 
are used in disenssions and deseriptions of signs and symptoms. 
Learning to use these abbreviations also speeds note taking. 
Gommon anatomieal and elinieal abbreviations are provided 
in this text when the eorresponding term is introdneed—for 
example, temporomandibnlar joint (TMJ). The Clinically Ori- 
ented Anatomy website (http://thePoint.lww.eom/COA7e) 
provides a list of eommonly used anatomieal abbreviations. 
More extensive lists of eommon medieal abbreviations may 
be found in the appendiees of eomprehensive medieal dietio- 
naries (e.g., Stedmans Medieal Dietionary, 28th ed.). 

Anatomieal Positìon 

All anatomieal deseriptions are expressed in relation to one 
eonsistent position, ensnring that deseriptions are not ambig- 
uous (Figs. 1.1 and 1.2). One must visualize this position in 
the mind when deseribing patients (or eadavers), whether 
they are lying on their sides, supine (reenmbent, lying on the 
baek, faee upward), or prone (lying on the abdomen, faee 
downward). The anatomieal position refers to the body 
position as if the person were standing npright with the: 

• head, gaze (eyes), and toes direeted anteriorly (fonvard), 

• arms adjaeent to the sides with the palms faeing anteri- 
orly, and 

• lower limbs elose together with the feet parallel. 

This position is adopted globally for anatomieomedieal 
deseriptions. By using this position and appropriate terminol- 
ogy, you ean relate any part of the body preeisely to any other 
part. It should also be kept in mind, however, that gravity 
causes a downward shift of internal organs (viseera) when the 
npright position is assnmed. Sinee people are typieally exam- 
ined in the supine position, it is often neeessary to deseribe 
the position of the affeeted organs when supine, making spe- 
eifie note of this exception to the anatomieal position. 

Anatomieal Planes 

Anatomieal deseriptions are based on four imaginary planes 
(median, sagittal, frontal, and transverse) that interseet the 
body in the anatomieal position (Fig. 1.2): 

• The median plane (median sagittal plane), the vertieal 
plane passing longitndinally throngh the body, divides the 
body into right and left halves. The plane defines the mid- 
line of the head, neek, and trunk where it interseets the 
snrfaee of the body. Midline is often erroneonsly used as 
a synonym for the median plane. 

• Sagittal planes are vertieal planes passing throngh the 
body parallel to the median plane. Parasagittal is eom- 
monly used but is unnecessary beeanse any plane paral- 
lel to and on either side of the median plane is sagittal 
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Median 

plane 



Sagittal 

plane 


Median 
plane of 
hand 


Median 
plane of 
foot 




Frontal 

(eoronal) 

plane 




Transverse 
(axial) plane 


Frontal 
(eoronal) 
plane of 
feet 


FIGIJRE 1.2. Anatomìeal planes. The main planes of the body are illustrated. 


by defìnition. Hovvever, a plane parallel and near to the 
median plane may be referred to as a paramedian plane. 

• Frontal (eoronal) planes are vertieal planes passing 
throngh the body at right angles to the medìan plane, divid- 
ing the body into anterior (front) and posterior (baek) parts. 

• Transverse planes are horizontal planes passing throngh 
the body at right angles to the median andfrontal planes, 
dividing the body into snperior (npper) and inferior 
(lower) parts. Radiologists refer to transverse planes as 
transaxial, whieh is eommonly shortened to axial planes. 

Sinee the nnmber of sagittal, frontal, and transverse planes 
is nnlimited, a referenee point (nsnally a visible or palpable 
landmark or vertebral level) is neeessary to identify the loea- 
tion or level of the plane, sneh as a “transverse plane throngh 
the nmbiliens” (Fig. I.2C). Seetions of the head, neek, and 
trnnk in preeise frontal and transverse planes are symmet- 
rieal, passing throngh both the right and left members of 
paired strnetnres, allowing some eomparison. 

The main nse of anatomieal planes is to deseribe seetions 

(Fig. 1.3): 

• Longitudinal seetions rnn lengthwise or parallel to the 
long axis of the body or of any of its parts, and the term 
applies regardless of the position of the body. Althongh 
median, sagittal, and frontal planes are the standard (most 
eommonly nsed) longitndinal seetions, there is a 180° 
range of possible longitndinal seetions. 

• Transverse seetions, or eross seetions, are sliees of 
the body or its parts that are ent at right angles to the 
longitndinal axis of the body or of any of its parts. Beeanse 


the long axis of the foot rnns horizontally, a transverse see- 
tion of the foot lies in the frontal plane (Fig. I.2C). 

• Oblique seetions are sliees of the body or any of its parts 
that are not ent along the previonsly listed anatomieal 
planes. In praetiee, many radiographie images and ana- 
tomieal seetions do not lie preeisely in sagittal, frontal, or 
transverse planes; often they are slightly oblique. 

Anatomists ereate seetions of the body and its parts anatomi- 
eally, and elinieians ereate them by planar imaging teehnolo- 
gies, sneh as eompnterized tomography (CT), to deseribe 
and display internal strnetnres. 

Terms of Relationship 
and Gomparison 

Varions adjeetives, arranged as pairs of opposites, deseribe 
the relationship of parts of the body or eompare the position 
of two strnetnres relative to eaeh other (Fig. 1.4). Some of 
these terms are speeifìe for eomparisons made in the ana- 
tomieal position, or with referenee to the anatomieal planes: 

Superior refers to a strnetnre that is nearer the vertex, 
the topmost point of the eraninm (Mediev. L., sknll). Cranial 
relates to the eraninm and is a nsefnl direetional term, mean- 
ing toward the head or eraninm. Inferior refers to a strne- 
tnre that is sitnated nearer the sole of the foot. Caudal 
(L. eanda, tail) is a nsefnl direetional term that means toward 
the feet or tail region, represented in hnmans by the eoecyx 
(tail bone), the small bone at the inferior (eandal) end of the 
vertebral eolnmn. 



lntroduction to Clinically Oriented Anatomy 


7 



(A) (B) ' (C) 


FIGIJRE 1.3. Seetions of the limbs. Seetions may be obtained by anatomieal seetioning or medieal imaging techniques. 


Posterior (dorsal) denotes the baek snrfaee of the body 
or nearer to the baek. Anterior (ventral) denotes the front 
snrfaee of the body. Rostral is often nsed instead of anterior 
when deseribing parts of the brain; it means toward the ros- 
trnm (L. for beak); however, in hnmans it denotes nearer the 
anterior part of the head (e.g., the frontal lobe of the brain is 
rostral to the eerebellnm). 

Medial is nsed to indieate that a stmetnre is nearer to the 
median plane of the body. For example, the 5th digit of the hand 
(little fìnger) is medial to the other digits. Gonversely, lateral 
stipnlates that a stmetnre is farther away from the median plane. 
The Ist digit of the hand (thnmb) is lateral to the other digits. 

Dorsum nsnally refers to the snperior aspeet of any 
part that protrndes anteriorly from the body, sneh as the 
dorsnm of the tongne, nose, penis, or foot. It is also nsed 
to deseribe the posterior snrfaee of the hand, opposite the 
palm. Beeanse the term dorsnm may refer to both snperior 
and posterior snrfaees in hnmans, the term is easier to nnder- 
stand if one thinks of a quadripedal plantigrade animal that 
walks on its palms and soles, sneh as a bear. The sole is the 
inferior aspeet or bottom of the foot, opposite the dorsnm, 
mneh of whieh is in eontaet with the gronnd when standing 
barefoot. The snrfaee of the hands, the feet, and the digits of 
both eorresponding to the dorsnm is the dorsal sarfaee, the 
snrfaee of the hand and fìngers eorresponding to the palm 
is the palmar sarfaee, and the snrfaee of the foot and toes 
eorresponding to the sole is the plantar snrfaee. 

Comhìned terms deseribe intermediate positional arrange- 
ments: inferomedial means nearer to the feet and median 
plane—for example, the anterior parts of the ribs rnn infero- 
medially; snperolateral means nearer to the head and far- 
ther from the median plane. 

Other terms of relationship and eomparisons are inde- 
pendent of the anatomieal position or the anatomieal planes, 
relating primarily to the body’s snrfaee or its eentral eore: 


Snperfìeial, intermediate, and deep deseribe the posi- 
tion of strnetnres relative to the snrfaee of the body or the 
relationship of one strnetnre to another nnderlying or overly- 
ing strnetnre. 

External means ontside of or farther from the eenter of 
an organ or eavity, while internal means inside or eloser to 
the eenter, independent of direetion. 

Proximal and distal are nsed when eontrasting positions 
nearer to or farther from the attaehment of a limb or the 
eentral aspeet of a linear strnetnre, respeetively. 

Terms of Laterality 

Paired strnetnres having right and left members (e.g., the 
kidneys) are bilateral, whereas those oeenrring on one side 
only (e.g., the spleen) are nnilateral. Designating whether 
yon are referring speeifìeally to the right or left member of 
bilateral strnetnres ean be eritieal, and is a good habit to begin 
at the ontset of one s training to beeome a health professional. 
Something oeenrring on the same side of the body as another 
strnetnre is ipsilateral; the right thnmb and right great (big) 
toe are ipsilateral, for example. Gontralateral means oeenr- 
ring on the opposite side of the body relative to another strne- 
tnre; the right hand is eontralateral to the left hand. 

Terms of Movement 

Varions terms deseribe movements of the limbs and other 
parts of the body (Fig. 1.5). Most movements are defìned 
in relationship to the anatomieal position, with movements 
oeenrring within, and aronnd axes aligned with, speeifìe ana- 
tomieal planes. While most movements oeenr at joints where 
two or more bones or eartilages artienlate with one another, 
several non-skeletal strnetnres exhibit movement (e.g., tongne, 
lips, eyelids). Terms of movement may also be eonsidered in 
pairs of oppositing movements: 
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* 


* 


Superficial 


Nearer to surface 


The muscles of the arm 
are superficial to its 


bone (humerus). 


Intermediate 


Betvveen a superficial 
and a deep structure 


The bieeps muscle is 
intermediate betvveen 
the skin and the 
humerus. 


* . 


Deep 


Farther from surface 

The humerus is deep 
to the arm muscles. 


Mediai 


Nearer to median plane 

The 5th digit (little 
finger) is on the medial 
side of the hand. 


Laterai 


Farther from median 


plane 


The 1st digit (thumb) is 
on the lateral side of 


the hand. 


Superior (eraniai) 


Nearer to head 


The heart is superior 
to the stomaeh. 


Posterior (dorsai) 


Nearer to baek 


Dorsum 


Median 


Dorsum 


Goronal 



Palmar vs. Dorsal 
Anterior hand (palm) 

Posterior hand (dorsum) 


Dorsal 


Palmar 


surface surface 




Palm 


Plantar vs. Dorsal 


Inferior foot surface (sole) 
Superior foot surface (dorsum) 


Dorsal Plantar 
surface surface 




Sole 


Proximai 


Nearer to trunk or point 
of origin (e.g., of a limb) 


The elbovv is proximal to 
the vvrist, and the prox- 
imal part of an artery 
is its beginning. 


Distai 


Farther from trunk or 
point of origin 
(e.g., of a limb) 

The vvrist is distal to the 
elbovv, and the distal 
part of the upper limb is 
the hand. 


The heel is posterior 
to the toes. 


Key 



Anterior (ventrai) 


Nearer to front 


The toes are anterior 
to the ankle. 


I Terms applied to the entire body 
] Terms speeifie for hands and feet 


* Terms independent of anatomieal position 


Inferior (caudai) 


Nearer to feet 


The stomaeh is 
inferior to the heart 


FIGIJRE 1.4. Terms of relationship and eomparison. These terms deseribe the position ofone structure relative to another. 















































































Extension 


Flexion 



Extension 


Flexion 



Flexion 


Extension 


Flexion 


Extension 



(A) Flexion aneJ extension of upper limb at 
shoul(der joint anó lower limb at hip joint 


Flexion aneJ extension of forearm at 
elbow joint anó of leg at knee joint 


Flexion aneJ extension of vertebral 
column at intervertebral joints 



Extension 


Flexion 



Extension 





Opposition 


Reposition 


(B) Flexion and extension 
of hand at wrist joint 


Flexion and extension 
of digits (fingers) at 
metaearpophalangeal and 
interphalangeal joints 


(C) Opposition and reposition of thumb 
and little finger at earpometaearpal 
joint of thumb eombined with flexion at 
metaearpophalangeal joints 


(D) Pronation and supination 
of forearm at radio-lnar 
joints 



Abduction 


Adduction 



Lateral 


Medial 


abduction abduction 


(E) Abduction and adduction 
of 2nd, 4th, and 5th 
digits at metaearpo- 
phalangeal joints 


Abduction of 3rd digit at 

metaearpophalangeal 

joint 




Adduction 


Extension 



(F) The thumb is rotated 90° relative to other structures. Abduction and 
adduction at metaearpophalangeal joint occurs in a sagittal plane; 
flexion and extension at metaearpophalangeal and interphalangeal 
joints occurs in frontal planes, opposite to these movements at all 
other joints. 


FIGIJRE 1.5. Terms of movement. These terms deseribe movements of the limbs and other parts of the body; most movements take plaee at joints, 
where two or more bones or eartilages articulate with one another. 
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Medial 

rotation 


Abduction 


Adduction 


Lateral 

rotation 


Lateral 

(external) 

rotation 


Medial 

(internal) 

rotation 



Circumduction 



Dorsiflexion 


Plantarflexion 


Dorsiflexion and plantarflexion 
of foot at ankle joint 



Eversion 


Inversion 


(G) Abduction and adduction of right limbs and (H) Circumduction (circular movement) of 
rotation of left limbs at glenohumeral and hip lower limb at hip joint 
joints, respeetively 


(I) Inversion and eversion of foot at 
subtalar and transverse tarsal joints 


Lateral 

bending 




Rotation 
of upper 
trunk, neek, 
and head 


Rotation 
of head 
and neek 


(j) Lateral bending (lateral flexion) of trunk and rotation of upper trunk, neek, and head 



Elevation Depression 

(K) Elevation and depression 
of shoulders 



Retrusion 

Protrusion 


(L) Protrusion and retrusion of 
]aw at temporomandibular joints 



(M) Protraetion and retraetion of scapula on thoraeie wall 


FIGIJRE 1.5. (Continued) 
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Flexion and extension movements generally oeenr in sag- 
ittal planes aronnd a transverse axis (Fig. L5A & B). Flex- 
ion indieates bending or deereasing the angle between the 
bones or parts of the body. For most joints (e.g., elbow), flex- 
ion involves movement in an anterior direetion. Extension 
indieates straightening or inereasing the angle between the 
bones or parts of the body. Extension nsnally oeenrs in a pos- 
terior direetion. The knee joint, rotated 180° to other joints, is 
exceptional in that flexion of the knee involves posterior move- 
ment and extension involves anterior movement. Dorsiflex- 
ion deseribes flexion at the ankle joint, as oeenrs when walking 
nphill or lifting the front of the foot and toes off the gronnd 
(Fig. I.5I). Plantarflexion bends the foot and toes toward the 
gronnd, as when standing on yonr toes. Extension of a limb or 
part beyond the normal limit— liyperextension (overexten- 
sion)—ean eanse injnry, sneh as 'Vhiplash” (i.e., hyperexten- 
sion of the neek dnring a rear-end antomobile eollision). 

Abdnetion and addnetion movements generally oeenr in a 
frontal plane aronnd an anteroposterior axis (Fig. I.5E & G). 
Except for the digits, abdnetion means moving away from 
the median plane (e.g., when moving an npper limb laterally 
away from the side of the body) and addnetion means mov- 
ing toward it. In ahdnetion of the digits (flngers or toes), the 
term means spreading them apart—moving the other flngers 
away from the nentrally positioned 3rd (middle) flnger or 
moving the other toes away from the nentrally positioned 2nd 
toe. The 3rd flnger and 2nd toe medially or laterally ahdnet 
away from the nentral position. Addnetion of the digits is 
the opposite—bringing the spread flngers or toes together, 
toward the nentrally positioned 3rd flnger or 2nd toe. Right 
and left lateral flexion (lateral bending) are speeial forms of 
abdnetion for only the neek and trnnk (Eig. I.5J). The faee 
and npper trnnk are direeted anteriorly as the head and/or 
shonlders tilt to the right or left side, eansing the midline of 
the body itself to beeome bent sideways. This is a eomponnd 
movement oeenrring between many adjaeent vertebrae. 

As yon ean see by notieing the way the thnmbnail faees 
(laterally instead of posteriorly in the anatomieal posi- 
tion), the thnmb is rotated 90° relative to the other digits 
(Eig. I.5E). Therefore, the thnmb flexes and extends in the 
frontal plane and abdnets and addnets in the sagittal plane. 

Circumduction is a eirenlar movement that involves 
sequential flexion, abdnetion, extension, and addnetion (or 
in the opposite order) in sneh a way that the distal end of the 
part moves in a eirele (Eig. I.5H). Girenmdnetion ean oeenr 
at any joint at which all the above-mentioned movements are 
possible (e.g., the shonlder and hip joints). 

Rotation involves tnrning or revolving a part of the body 
aronnd its longitndinal axis, sneh as tnrning one’s head to 
faee sideways (Eig. I.5G). Medial rotation (internal rotation) 
brings the anterior snrfaee of a limb eloser to the median 
plane, whereas lateral rotation (external rotation) takes the 
anterior snrfaee away from the median plane. 

Pronation and snpination are the rotational movements of 
the forearm and hand that swing the distal end of the radins (the 
lateral long bone of the forearm) medially and laterally aronnd 


and aeross the anterior aspeet of the nlna (the other long bone 
of the forearm) while the proximal end of the radins rotates in 
plaee (Eig. I.5D). Pronation rotates the radins medially so that 
the palm of the hand faees posteriorly and its dorsnm faees ante- 
riorly. When the elbow joint is flexed, pronation moves the hand 
so that the palm faees inferiorly (e.g., plaeing the palms flat on a 
table). Snpination is the opposite rotational movement, rotat- 
ing the radins laterally and nnerossing it from the nlna, retnm- 
ing the pronated forearm to the anatomieal position. When the 
elbow joint is flexed, snpination moves the hand so that the palm 
faees snperiorly. {Memory deviee: Yon ean hold soup in the palm 
of yonr hand when the flexed forearm is snpinated bnt are prone 
[likely] to spill it if the forearm is then pronated!) 

Eversion moves the sole of the foot away from the median 
plane, tnrning the sole laterally (Eig. I.5I). When the foot is 
fnlly everted it is also dorsiflexed. Inversion moves the sole 
of the foot toward the median plane (faeing the sole medi- 
ally). When the foot is fnlly inverted it is also plantarflexed. 
Pronation of thefoot aetnally refers to a eombination of ever- 
sion and abdnetion that resnlts in lowering of the medial 
margin of the foot (the feet of an individnal with flat feet 
are pronated), and snpination of the foot generally implies 
movements resnlting in raising the medial margin of the foot, 
a eombination of inversion and addnetion. 

Oppositíon is the movement by which the pad of the Ist 
digit (thnmb) is bronght to another digit pad (Eig. I.5G). This 
movement is nsed to pineh, bntton a shirt, and lift a teaenp by 
the handle. Repositíon deseribes the movement of the Ist digit 
from the position of opposition baek to its anatomieal position. 

Protrnsion is a movement anteriorly (fonvard) as in 
protrnding the mandible (ehin), lips, or tongne (Eig. I.5L). 
Retrnsion is a movement posteriorly (backward), as in 
retrnding the mandible, lips, or tongne. The similar terms 
protraetion and retraetion are nsed most eommonly for 
anterolateral and posteromedial movements of the seapnla 
on the thoraeie wall, eansing the shonlder region to move 
anteriorly and posteriorly (Eig. L5M). 

Elevation raises or moves a part snperiorly, as in elevat- 
ing the shonlders when shrngging, the npper eyelid when 
opening the eye, or the tongne when pnshing it up against 
the palate (roof of month) (Eig. L5K). Depression lowers or 
moves a part inferiorly, as in depressing the shonlders when 
standing at ease, the npper eyelid when elosing the eye, or 
pnlling the tongne away from the palate. 

The Bottom Lìne 


ANATOMieOMEDIGAL TERMINOLOGY 

Anatomieal terms are deseriptive terms standardized in an 
international referenee guide, Terminologia Anatomiea (TA). 
These terms, in English or Latin, are used worldwide. ♦ 
Colloquial terminology is used by—and to communicate 
with—lay people. ♦ Eponyms are often used in elinieal 
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settings but are not reeommended because they do not 
provide anatomieal context and are not standardized. ♦ 
Anatomieal direetional terms are based on the body in the 
anatomieal position. ♦ Four anatomieal planes divide the 
body, and seetions divide the planes into visually useful 
and deseriptive parts. ♦ Other anatomieal terms deseribe 
relationships of parts of the body, eompare the positions 
of structures, and deseribe laterality and movement. 


ANATOMIGAL VARIATIONS 

„ ---- 

Anatomy books deseribe (initially, at least) the strnetnre of 
the body as it is nsnally observed in people—that is, the most 
eommon pattern. Hovvever, oeeasionally a partienlar strne- 
tnre demonstrates so mneh variation within the normal range 
that the most eommon pattern is fonnd less than half the 
time! Beginning stndents are frequently frnstrated beeanse 
the bodies they are examining or disseeting do not eonform 
to the atlas or text they are nsing (Bergman et al., 1988). 
Often stndents ignore the variations or inadvertently dam- 
age them by attempting to prodnee eonformity. Therefore, 
yon shonld expect anatomìeal variations when yon disseet or 
inspeet proseeted speeimens. 

In a random gronp of people, individnals differ from eaeh 
other in physieal appearanee. The bones of the skeleton vary 
not only in their basie shape bnt also in lesser details of snr- 
faee strnetnre. A wide variation is fonnd in the size, shape, 
and form of the attaehments of mnseles. Similarly, eonsid- 
erable variation exists in the patterns of branehing of veins, 
arteries, and nerves. Veins vary the most and nerves the least. 
Individnal variation mnst be eonsidered in physieal examina- 
tion, diagnosis, and treatment. 

Most deseriptions in this text assnme a normal range of 
variation. However, the frequeney of variation often dif- 
fers among hnman gronps, and variations eolleeted in one 
popnlation may not apply to members of another popnlation. 
Some variations, sneh as those oeenrring in the origin and 
eonrse of the eystie artery to the gallbladder, are elinieally 
important (see Ghapter 2), and any snrgeon operating with- 
ont knowledge of them is eertain to have problems. Clinically 

signifìeant variations are deseribed in elinieal eor- 
relation (blne) boxes identifìed with an Anatomieal 
Variation ieon (at left). 

Apart from raeial and sexual differenees, hnmans exhibit 
eonsiderable genetie variation, sneh as polydaetyly (extra digits). 
Approximately 3% of newboms show one or more signifìeant 
birth defeets (Moore et al, 2012). Other defeets (e.g., atresia 
or bloekage of the intestine) are not deteeted nntil symptoms 
oeenr. Diseovering variations and eongenital anomalies in 
eadavers is aetnally one of the many benefìts of fìrsthand dissee- 
tion, beeanse it enables stndents to develop an awareness of the 
oeenrrenee of variations and a sense of their frequency 


The Bottom Lìne 


ANATOMIGAL VARIATIONS 

Anatomieal variations are eommon and students should 
expect to encounter them during disseetion. It is impor- 
tant to know how such variations may influence physieal 
examinations, diagnosis, and treatment. 


INTEGUMENTARY SYSTEM 


Beeanse the skin (L. integnmentnm, a eovering) is readily 
aeeessible and is one of the best indieators of general health, 
earefnl observation of it is important in physieal examina- 
tions. It is eonsidered in the differential diagnosis of almost 
every disease. The skin provides: 

• Proteetion of the body from environmental effeets, sneh as 
abrasions, fìnid loss, harmfnl snbstanees, nltraviolet radia- 
tion, and invading mieroorganisms. 

• Containment for the body’s strnetnres (e.g., tissnes 
and organs) and vital snbstanees (espeeially extracel- 
Inlar fìnids), preventing dehydration, which may be 
severe when extensive skin injnries (e.g., bnrns) are 
experienced. 

• Heat regalation throngh the evaporation of sweat and/or 
the dilation or eonstrietion of snperfìeial blood vessels. 

• Sensation (e.g., pain) by way of snperfìeial nerves and 
their sensory endings. 

• Synthesis and storage of vitamin D. 

The skin, the body’s largest organ, eonsists of the epidermis, 
a snperfìeial eellnlar layer, and the dermis, a deep eonneetive 
tissne layer (Fig. 1.6). 

The epidermis is a keratinized epithelinm —that is, it 
has a tongh, horny snperfieial layer that provides a protee- 
tive onter snrfaee overlying its regenerative and pigmented 
deep or hasal layer The epidermis has no blood vessels or 
lymphaties. The avasenlar epidermis is nonrished by the 
nnderlying vasenlarized dermis. The dermis is snpplied by 
arteries that enter its deep snrfaee to form a entaneons plexus 
of anastomosing arteries. The skin is also snpplied with affer- 
ent nerve endings that are sensitive to toneh, irritation (pain), 
and temperatnre. Most nerve terminals are in the dermis, 
bnt a few penetrate the epidermis. 

The dermis is a dense layer of interlaeing eollagen and 
elastie fihers. These fìbers provide skin tone and aeeonnt for 
the strength and tonghness of skin. The dermis of animals is 
removed and tanned to prodnee leather. Althongh the bnn- 
dles of eollagen fìbers in the dermis rnn in all direetions to 
prodnee a tongh felt-like tissne, in any speeifìe loeation most 
fìbers rnn in the same direetion. The predominant pattern 
of eollagen fìbers determines the eharaeteristie tension and 
wrinkle lines in the skin. 
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FIGIJRE 1.6. Skìn and some of ìts speeìalìzed structures. 


The tension lines (also ealled eleavage lines or Langer 
lines) tend to spiral longitndinally in the limbs and rnn trans- 
versely in the neek and trnnk (Fig. 1.7). Tension lines at the 
elbows, knees, ankles, and wrists are parallel to the transverse 
ereases that appear when the limbs are flexed. The elastie 
flbers of the dermis deteriorate with age and are not replaeed; 
eonsequently, in older people, the skin wrinkles and sags as it 
loses its elastieity. 

The skin also eontains many speeialized stmetnres (Fig. 1.6). 
The deep layer of the dermis eontains hair follieles, with 
assoeiated smooth arreetor mnseles and sebaeeons glands. 
Gontraetion of the arreetor muscles of hairs (L. musculi 
arreetor pili) ereets the hairs, eansing goose bnmps. Hair fol- 
lieles are generally slanted to one side, and several sehaceous 
glands lie on the side the hair is direeted toward (“points to”) 
as it emerges from the skin. Thns, eontraetion of the arree- 
tor mnseles eanses the hairs to stand up straighter, thereby 
eompressing the sebaeeons glands and helping them seerete 
their oily prodnet onto the skin snrfaee. The evaporation of 
the watery seeretion (sweat) of the sioeat glands from the 
skin provides a thermoregnlatory meehanism for heat loss 
(eooling). Also involved in the loss or retention of body heat 
are the small arteries (arterioles) within the dermis. They 
dilate to flll snperfieial eapillary heds to radiate heat (skin 
appears red) or eonstriet to minimize snrfaee heat loss (skin, 
espeeially of the lips and flngertips, appears blne). Other skin 
strnetnres or derivatives inelnde the nails (flngernails, toe- 
nails), the mammary glands, and the enamel of teeth. 


Loeated between the overlying skin (dermis) and nnderly- 
ing deep faseia, the subcutaneous tissue (snperfleial faseia) 
is eomposed mostly of loose eonneetive tissue and storedfat 
and eontains sweat glands, superfieial hlood vessels, lymphatie 
vessels, and cutaneous nerves (Fig. 1.6). The nenrovasenlar 
strnetnres eonrse in the snbentaneons tissne, distribnting only 
their terminal branehes to the skin. 

The snbentaneons tissne provides for most of the body s 
fat storage, so its thiekness varies greatly, depending on the 
person s nntritional state. In addition, the distribntion of snb- 
entaneons tissne varies eonsiderably in different sites in the 
same individnal. Gompare, for example, the relative abnn- 
danee of snbentaneons tissne evident by the thiekness of the 
fold of skin that ean be pinehed at the waist or thighs with the 
anteromedial part of the leg (the shin, the anterior border of 
the tibia) or the baek of the hand, the latter two being nearly 
devoid of snbentaneons tissne. Also eonsider the distribntion 
of snbentaneons tissne and fat between the sexes: In matnre 
females, it tends to aeenmnlate in the breasts and thighs, 
whereas in males, snbentaneons fat aeenmnlates in the lower 
abdominal wall. 

Snbentaneons tissne partieipates in thermoregnlation, 
fnnetioning as insnlation, retaining heat in the body’s eore. It 
also provides padding that proteets the skin from eompres- 
sion by bony prominenees, sneh as those in the bnttoeks. 

Skin ligaments (L. retinaenla eutis), nnmerons small 
flbrons bands, extend throngh the snbentaneons tissne and 
attaeh the deep snrfaee of the dermis to the nnderlying 
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FIGIJRE 1.7. Tensìon lìnes ìn the 
skin. The dashedlines indieate the pre- 
dominant direetion of the eollagen 
fibers in the dermis. 



An ineision made aeross the 
eleavage lines is more likely 
to gape, inereasing healing 
time, and result in inereased 
sear tissue. 



An ineision made parallel to the 
eleavage lines results in less 
gaping, faster healing, and less 
sear tissue. 


Anterior view 


Posterior view 


deep faseia (Fig. 1.6). The length and density of these 
ligaments determines the mobility of the skin over deep 
strnetnres. Where skin ligaments are longer and sparse, 
the skin is more mobile, sneh as on the baek of the hand 
(Fig. I.8A & B). Where ligaments are short and abnndant, 
the skin is firmly attaehed to the nnderlying deep faseia. 


sneh as in the palms and soles (Fig. I.8C). In disseetion, 
removal of skin where the skin ligaments are short and 
abnndant requires nse of a sharp sealpel. The skin liga- 
ments are long bnt partienlarly well developed in the 
breasts, where they form weight-bearing snspensory liga- 
ments (see Ghapter 1). 


INTEGUMENTARY SYSTEM 

Skin Golor Signs in Physieal Diagnosis 

Blood flow throngh the snperfleial eapillary beds 
of the dermis affeets the eolor of skin and ean pro- 
vide important elnes for diagnosing eertain elinieal 
eonditions. When the blood is not earrying enongh oxygen 
from the Inngs, sneh as in a person who has stopped breath- 
ing or in a person having a defeetive eirenlation that is 
sending an inadequate amonnt of blood throngh the Inngs, 


the skin ean appear blnish (eyanotie), This oeenrs beeanse 
the oxygen-earrying hemoglobin of blood is bright red 
when earrying oxygen (as it does in arteries and nsnally 
does in eapillaries), and appears deep, pnrplish blne when 
depleted of oxygen, as it does in veins. Gyanosis is espe- 
eially evident where skin is thin, sneh as the lips, eyelids, 
and deep to the transparent nails. Skin injnry, exposure to 
excess heat, infeetion, inflammation, or allergie reaetions 
may eanse the snperfleial eapillary beds to beeome 
engorged, making the skin look abnormally red, a sign 
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ealled erythema, In eertain liver disorders, a yellow pigment 
ealled bilirnbin bnilds up in the blood, giving a yellow 
appearanee to the whites of the eyes and skin, a eondition 
ealled janndiee. Skin eolor ehanges are most readily 
observed in people with light-eolored skin and may be 
diffienlt to diseern in people with dark skin. 



Skìn ineìsions and Searrìng 

The skin is always nnder tension. In general, laeera- 
tions or ineisions that parallel the tension lines nsn- 
ally heal well with little searring beeanse there is 
minimal disrnption of fibers. The nninterrnpted fibers tend 
to retain the ent edges in plaee. However, a laeeration or inei- 
sion aeross the tension lines disrnpts more eollagen fibers. 
The disrnpted lines of foree eanse the wound to gape and it 
may heal with exeessive (keloid) searring. When other eon- 
siderations, sneh as adequate exposure and aeeess or avoid- 
anee of nerves, are not of greater importanee, snrgeons 
attempting to minimize searring for eosmetie reasons may 
nse snrgieal ineisions that parallel the tension lines. 



Streteh Marks in Skin 

The eollagen and elastie fibers in the dermis form a 
tongh, fiexible meshwork of tissne. Beeanse the skin 
ean distend eonsiderably, a relatively small ineision 
ean be made dnring snrgery eompared with the mneh larger 
ineision required to attempt the same proeednre in an 
embalmed eadaver, which no longer exhibits elastieity. The 
skin ean streteh and grow to aeeommodate gradnal inereases in 
size. However, marked and relatively fast size inereases, sneh 
as the abdominal enlargement and weight gain aeeompanying 
pregnaney, ean streteh the skin too mneh, damaging the eolla- 
gen fibers in the dermis (Fig. BI.l). Bands of thin wrinkled 
skin, initially red bnt later beeoming pnrple, and white streteh 
marks (L. stfiae gravidaram) appear on the abdomen, bnt- 
toeks, thighs, and breasts dnring pregnaney. Streteh marks 
(L. stfiae entis distensae) also form in obese individnals and in 
eertain diseases (e.g., hypereortisolism or Gnshing syndrome); 


they oeenr along with distension and loosening of the deep 
faseia dne to protein breakdown leading to redneed eohesion 
between the eollagen fibers. Streteh marks generally fade after 
pregnaney and weight loss, bnt they never disappear eompletely. 



Unnbilicus 

Streteh 

mark 


Skin Injnries and Wounds 



Laeerations. Aeeidental ents and skin tears are 
snperfieial or deep. Snperfieial laeerations violate 
the epidermis and perhaps the snperfieial layer of 
the dermis; they bleed bnt do not interrnpt the eontinnity 
of the dermis. Deep laeerations penetrate the deep layer of 
the dermis, extending into the snbentaneons tissne or 
beyond; they gape and require approximation of the ent 
edges of the dermis (by sntnring, or stitehes) to minimize 
searring. 

Bnrns are eansed by thermal tranma, nltraviolet or ion- 
izing radiation, or ehemieal agents. Bnrns are elassified, 
in inereasing order of severity, based on the depth of skin 
injnry (Fig. BL2): 


• Ist-degree (snpefjìeial) hurn (e.g., snnbnrn): damage is 
limited to the epidermis; symptoms are erythema (hot red 
skin), pain, and edema (swelhng); desquamation (peeling) 
of the snperfieial layer nsnally oeenrs several days later, 
bnt the layer is quickly replaeed from the basal layer of 
the epidermis without signifieant searring. 


Inflamed 



Ist-degree 
(superficial) 
burn - early 
stage; may 
"peel" at 
later stage 


Superficial 


2nd-degree 

(partial-thiekness) 

burn 


3rd-degree 
(full thiekness) 
burn 



2nd-degree (partial-thiekness) burn 


FIGUREBI.l. 


FIGURE BI.2. 
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• 2nd-degree (partial-thiekness) hurn: epidermis and snper- 
fieial dermis are damaged with blistering (snperfieial 2nd 
degree) or loss (deep 2nd degree); nerve endings are dam- 
aged, making this variety the most painfnl; exeept for their 
most snperfieial parts, the sweat glands and hair follieles 
are not damaged and ean provide the sonree of replaee- 
ment eells for the basal layer of the epidermis along with 
eells from the edges of the wound; healing will oeenr 
slowly (3 weeks to several months), leaving searring and 
some eontraetnre, bnt it is nsnally eomplete. 

• 3rd-degree (full-thiekness) hurn: the entire thiekness of the 
skin is damaged and perhaps nnderlying mnsele. There is 
marked edema and the bnrned area is nnmb sinee sensory 
endings are destroyed. A minor degree of healing may oeenr 
at the edges, bnt the open, nleerated portions reqmre skin 
grafting: dead material (esehar) is removed and replaeed 
igrafted) over the bnrned area with skin harvested (taken) 
from a non-bnrned loeation (antograft) or nsing skin from 
hnman eadavers or pigs, or enltnred or artifieial skin. 

The extent of a bnrn (pereent of total body snrfaee affeeted) is 
generally more signifieant than the degree (severity in terms 
of depth) in estimating the effeet on the well-being of the 
vietim. Aeeording to the Ameriean Bnrn Assoeiation’s elas- 
sifieation of bnrn injnry, a major bnrn inelndes 3rd-degree 
bnrns over 10% of body snrfaee area; 2nd-degree bnrns over 
25% of body snrfaee area; or any 3rd-degree bnrns on the 
faee, hands, feet, or perinenm (area inelnding anal and nro- 
genital regions). When the bnrn area exceeds 70% of body 
snrfaee area, the mortality rate exceeds 50%. The snrfaee 


area affeeted by a bnrn in an adnlt ean be estimated by apply- 
ing the “Rnle of Nines” in which the body is divided into 
areas that are approximately 9% or mnltiples of 9% of the 
total body snrfaee (Fig. BI.3). 


Anterior head 
and neek 
4.5% 


Anterior shoulders, 
arms, forearms, 
and hands 
9% 


Anterior thighs, 
legs, and feet 
18% 



Anterior and 
posterior head 
and neek 
9% 

Anterior and 
posterior arms, 
forearms, and 
hands 
18% 

Anterior and 
posterior trunk 
36% 

Perineum 

1% 


Anterior and 
posterior thighs, 
legs, and feet 



100% of body 
area 


Anterior view 

FIGURE BI.3. 


The Bottom Lìne 


INTEGUMENTARY SYSTEM 

The integumentary system (the skin) eonsists of the epider- 
mis, dermis, and speeialized structures (hair follieles, 
sebaceous glands, and sweat glands). The skin: ♦ plays 
important roles in proteetion, eontainment, heat regula- 
tion, and sensation; ♦ synthesizes and stores vitamin D; 

♦ features tension lines, relating to the predominant diree- 
tion of eollagen fibers in the skin, that have implieations for 
surgery and wound healing. Subcutaneous tissue, loeated 
beneath the dermis, eontains most of the body’s fat stores. 


FASeiAS, FASeiAL 
eOMPARTMENTS, BURSAE, 
AND POTENTIAL SPAGES 


Faseias (L.faseiae) eonstitnte the wrapping, paeking, andinsn- 
lating materials of the deep strnetnres of the body. IJnderlying 
the suhcutaneous tissue (snperfieial faseia) almost everywhere 


is the deep faseia (Fig. 1.9). The deep faseia is a dense, orga- 
nized eonneetive tissne layer, devoid of fat, that eovers most 
of the body parallel to (deep to) the skin and snbentaneons tis- 
sne. Extensions from its internal snrfaee invest deeper strne- 
tnres, sneh as individnal mnseles and nenrovasenlar bnndles, 
as investing faseia. Its thiekness varies widely. For example, 
in the faee, distinet layers of deep faseia are absent. 

In the limbs, gronps of mnseles with similar fnnetions sharing 
the same nerve snpply are loeated in faseial eompartments, 
separated by thiek sheets of deep faseia, ealled intermnsen- 
lar septa, that extend eentrally from the snrronnding faseial 
sleeve to attaeh to bones. These eompartments may eontain or 
direet the spread of an infeetion or a tnmor. 

In a few plaees, the deep faseia gives attaehment (origin) to 
the nnderlying mnseles (althongh it is not nsnally inelnded in 
lists or tables of origins and insertions); bnt in most plaees, the 
mnseles are free to eontraet and glide deep to it. However, the 
deep faseia itself never passes freely over bone; where deep 
faseia eontaets bone, it blends firmly with the penosteum (bone 
eovering). The relatively nnyielding deep faseia investing mns- 
eles, and espeeially that snrronnding the faseial eompartments 
in the limbs, limits the outward expansion of the bellies of eon- 
traeting skeletal mnseles. Blood is thns pnshed ont as the veins 
of the mnseles and eompartments are eompressed. Valves 
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(A) 
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expose skin 
ligaments 

(B) 


Loose skin on dorsum of hand 
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(seant, loose) 
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Deep faseia 




(C) 


Subcutaneous tissue 
(relatively abundant, 
tightly eonfined) 
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FIGIJRE 1.8. Skin ligaments in subcutaneous tissue. A. The thiekness of subcutaneous tissue ean be estimated as being approximately half that of a 
pinehed fold of skin (i.e., a fold of skin includes a double thiekness of subcutaneous tissue). The dorsum of the hand has relatively little subcutaneous tissue. 
B. Long, relatively sparse skin ligaments allovv the mobility of the skin demonstrated in part A. C. The skin of the palm (like that of the sole) is firmly attaehed 
to the underlying deep faseia. 
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FIGIJRE 1.9. Excavated seetion of the leg demonstrating the deep faseia and faseial formations. 
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within the veins allow the blood to flow only in one direetion 
(toward the heart), preventing the backflow that might oeenr 
as the mnseles relax. Thns deep faseia, eontraeting mnseles, 
and venons valves work together as a musculovenous pump to 
retnrn blood to the heart, espeeially in the lower limbs where 
blood mnst move against the pnll of gravity (Fig. 1.26). 

Near eertain joints (e.g., wrist and ankle), the deep faseia 
beeomes markedly thiekened, forming a retinaculum (pln- 
ral = retinaenla) to hold tendons in plaee where they eross 
the joint dnring flexion and extension, preventing them from 
taking a shortent, or hoio stringing, aeross the angle ereated 

(Fig. 1.19). 

Subserous faseia, with varying amonnts of fatty tissne, 
lies between the internal snrfaees of the mnsenloskeletal 
walls and the serons membranes lining the body eavities. 
These are the endothoraeie, endoahdominal, and endopel- 
vie faseias; the latter two may be referred to eolleetively as 
extraperitoneal faseia. 

Bursae (singnlar = bnrsa; Mediev. L., a pnrse) are elosed 
saes or envelopes of serous membrane (a delieate eonnee- 
tive tissne membrane eapable of seereting flnid to inbrieate 
a smooth internal snrfaee). Bnrsae are normally eollapsed. 
Unlike three-dimensional realized or aetnal spaees, these 
potential spaees have no depth; their walls are apposed 
with only a thin fllm of inbrieating flnid between them that 
is seereted by the enelosing membranes. When the wall 
is interrnpted at any point, or when a flnid is seereted or 
formed within them in excess, they beeome realized spaees; 
however, this eondition is abnormal or pathologieal. 

Usually oeenrring in loeations snbjeet to frietion, bnr- 
sae enable one strnetnre to move more freely over another. 
Subcutaneous bursae oeenr in the snbentaneons tissne 
between the skin and bony prominenees, sneh as at the elbow 
or knee; subfascial bursae lie beneath deep faseia; and sub- 
tendinous bursae faeilitate the movement of tendons over 
bone. Synovial tendon sbeatbs are a speeialized type of 
elongated bnrsae that wrap aronnd tendons, nsnally enelos- 
ing them as they traverse osseoflbrons tnnnels that anehor 
the tendons in plaee (Fig. I.IOA). 

Bnrsae oeeasionally eommnnieate with the synovial eavi- 
ties of joints. Beeanse they are formed by delieate, transpar- 
ent serons membranes and are eollapsed, bnrsae are not easily 
notieed or disseeted in the laboratory. It is possible to display 
bnrsae by injeeting and distending them with eolored flnid. 

Gollapsed bnrsal saes snrronnd many important organs 
(e.g., the heart, Inngs, and abdominal viseera) and strnetnres 
(e.g., portions of tendons). This eonflgnration is mneh like 
wrapping a large bnt empty balloon aronnd a strnetnre, sneh 
as a flst (Fig. I.IOB). The objeet is snrronnded by the two 
layers of the empty balloon bnt is not inside the balloon; the 
balloon itself remains empty. For an even more exact eom- 
parison, the balloon shonld flrst be fllled with water and then 
emptied, leaving the empty balloon wet inside. In exactly this 
way, the heart is snrronnded by—bnt is not inside—the peri- 
eardial sae. Eaeh Inng is snrronnded by—bnt is not inside—a 
plenral sae, and the abdominal viseera are snrronnded by— 


Tendon 



Inner (viseeral) 
layer of sheath 


Gavity eontaining 
synovial fluid 


Outer (parietal) 
layer of sheath 


Artery 


Mesotendon 


(A) 



(B) 



Inner viseeral 
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Air released 


FIGIJRE I.IO. Synovial tendon sheaths and bursal saes. A. Synovial ten- 
don sheaths are longitudinal bursae that surround tendons as they pass deep 
to retinacula orthrough fibrous digital sheaths. B. Bursal saes enelose several 
structures, such asthe heart, lungs, abdominal viseera, and tendons, much 
like this eollapsed balloon eneloses the fist. A thin film of lubricating fìuid 
between the parietal and viseeral layers eonfers mobility to the structure sur- 
rounded by the bursa within a eonfined eompartment. The transitional folds 
of synovial membrane between the continuous parietal and viseeral layers 
surrounding the eonneeting stalks (the wrist in this example) and/or neuro- 
vascular structures servingthe surrounded mass are ealled mesenteries. In the 
ease of a synovial tendon sheath, the mesentery is ealled a mesotendon. 


but are not inside—the peritoneal sae. In sneh eases, the 
inner layer of the balloon or serons sae (the one adjaeent to 
the flst, visens, or viseera) is ealled the viseeral layer; the 
onter layer of the balloon (or the one in eontaet with the 
body wall) is ealled the parietal layer. Sneh a snrronnd- 
ing donble layer of membranes, moistened on their apposed 
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surfaces, eonfers freedom of movement on the snrronnded 
strnetnre when it is eontained within a eonfìned spaee, sneh 
as the heart within its surrounding fìbrous sae {pericardium) 
or fìexor tendons within the fìbrons tunnels that hold the ten- 
dons against the bones of the fìngers. 


FASeiAS 

Faseial Planes and Snrgeiy 

/t^\ In living people, faseial planes {interfaseial and 

intrafaseial) are potential spaees between adja- 
eent faseias or faseia-lined strnetnres, or within 
loose areolar faseias, such as the suhserous faseias. 
Surgeons take advantage of these interfaseial planes, sep- 
arating strnetnres to ereate spaees that allow movement 
and aeeess to deeply plaeed structures. In some proee- 
dnres, surgeons use extrapleural or extraperitoneal faseial 
planes, which allow them to operate ontside the mem- 
branes lining the body eavities, minimizing the potential 
for eontamination, the spread of infeetion, and eonse- 
quent formation of adhesions (adherenees) within the 
eavities. IJnfortnnately, these planes are often fnsed and 
diffìenlt to establish or appreeiate in embalmed eadavers. 


The Bottom Lìne 


FASeiAS AND BURSAE 

Deep faseia is an organized eonneetive tissue layerthat 
eompletely envelops the body beneath the subcutaneous 
tissue underlying the skin. Extensions and modifieations of 
the deep faseia: ♦ divide muscles into groups (intermuscu- 
larsepta), ♦ invest individual muscles and neurovascular 
bundles (investing faseia), ♦ lie between musculoskeletal 
walls and the serous membranes lining body eavities (sub- 
serous faseia), and ♦ hold tendons in plaee duringJoint 
movements (retinacula). Bursae are elosed saes formed of 
serous membrane that occur in loeations subject to frietion; 
they enable one structure to move freely over another. 


SKELETAL SYSTEM 


The skeletal system may be divided into two fnnetional parts 

(Fig. I.ll): 

• The axìal skeleton eonsists of the bones of the head {era- 
nium or skull), neek {hyoid hone and eervieal vertehrae), 
and trnnk {rihs, sternnm, vertehrae, and saeram). 


• The appendienlar skeleton eonsists of the hones of the 
limhs, inelnding those forming the peetoral (shonlder) 
and pelvie girdles. 

Gartìlage and Bones 

The skeleton is eomposed of eartilages and bones. Gartilage 
is a resilient, semirigid form of eonneetive tissne that forms 
parts of the skeleton where more fìexibility is required—for 
example, where the eostal eartilages attaeh the ribs to the 
sternnm. Also, the artienlating snrfaees (bearing snrfaees) 
of bones partieipating in a synovial Joint are eapped with 
artienlar eartilage that provides smooth, low-frietion, glid- 
ing snrfaees for free movement (Fig. I.16A). Blood vessels do 
not enter eartilage (i.e., it is avasenlar); eonsequently, its eells 
obtain oxygen and nntrients by diffnsion. The proportion of 
bone and eartilage in the skeleton ehanges as the body grows; 
the yonnger a person is, the more eartilage he or she has. The 
bones of a newborn are soft and fìexible beeanse they are 
mostly eomposed of eartilage. 

Bone, a living tissne, is a highly speeialized, hard form of 
eonneetive tissne that makes up most of the skeleton. Bones 
of the adnlt skeleton provide: 

• snpport for the body and its vital eavities; it is the ehief 
snpporting tissne of the body. 

• proteetion for vital strnetnres (e.g., the heart). 

• the meehanieal basis for movement (leverage). 

• storage for salts (e.g., ealeinm). 

• a eontinnons snpply of new blood eells (prodneed by the 
marrow in the mednllary eavity of many bones). 

A fìbrons eonneetive tissne eovering snrronnds eaeh skeletal 
element like a sleeve, except where artienlar eartilage oeenrs; 
that snrronnding bones is periostenm (Fig. 1.15), whereas 
that aronnd eartilage is perichondrium. The periostenm 
and periehondrinm nonrish the external aspeets of the skel- 
etal tissne. They are eapable of laying down more eartilage or 
bone (partienlarly dnring fraetnre healing) and provide the 
interfaee for attaehment of tendons and ligaments. 

The two types of bone are eompaet bone and spongy 
(trabeenlar) bone. They are distingnished by the relative 
amonnt of solid matter and by the nnmber and size of the 
spaees they eontain (Fig. 1.12). All bones have a snperfìeial 
thin layer of eompaet bone aronnd a eentral mass of spongy 
bone, exeept where the latter is replaeed by a mednllary 
(marroio) eavity. Within the mednllary eavity of adnlt bones, 
and between the spienles (trabeenlae) of spongy bone, yel- 
low (fatty) or red (blood eell and platelet forming) hone mar- 
row —or a eombination of both—is fonnd. 

The arehiteetnre and proportion of eompaet and spongy 
bone vary aeeording to fnnetion. Gompaet bone provides 
strength for weight bearing. In long hones designed for rigid- 
ity and attaehment of mnseles and ligaments, the amonnt of 
eompaet bone is greatest near the middle of the shaft where the 
bones are liable to bnekle. In addition, long bones have elevations 
(e.g., ridges, erests, and tnhereles) that serve as hnttresses 
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FIGITRE 1.11. Skeletal system. 
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FIGIJRE 1.12. Transverse seetions of the humerus. The shaft of a living 
bone is a tube of eompaet bone that surrounds a medullary eavity. 


(supports) where large muscles attaeh. Living bones have 

some elastieity (flexibility) and great ngidity (hardness). 

GLASSIFieATION OF BONES 

Bones are elassifled aeeording to their shape. 

• Long hones are tnbnlar (e.g., the hnmerns in the arm). 

• Short hones are enboidal and are fonnd only in the tarsns 
(ankle) and earpns (wrist). 

• Flat hones nsnally serve proteetive fnnetions (e.g., the flat 
bones of the eraninm proteet the brain). 

• Irregnlar hones have varions shapes other than long, 
short, or flat (e.g., bones of the faee). 

• Sesamoid hones (e.g., the patella or knee eap) develop in 
eertain tendons and are fonnd where tendons eross the 
ends of long bones in the limbs; they proteet the tendons 
from excessive wear and often ehange the angle of the 
tendons as they pass to their attaehments. 

Bone Markìngs and Formatìons 

Bone markings appear wherever tendons, ligaments, and 

faseias are attaehed or where arteries lie adjaeent to or enter 
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FIGIJRE 1.13. Bone markìngs and 
formations. Markings appear on bones 
wherever tendons, ligaments, and fas- 
eia attaeh. Other formations relate to 
joints, the passage of tendons, and the 
provision of inereased leverage. 
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bones. Other formations oeenr in relation to the passage of 
a tendon (often to direet the tendon or improve its leverage) 
or to eontrol the type of movement oeenrring at a joint. Some 
of the varions markings and featnres of bones are (Fig. 1.13): 

• Capitulum: small, ronnd, artienlar head (e.g., eapitnlnm 
of the hnmerns). 

• Condyle: ronnded, knnekle-like artienlar area, often 
oeenrring in pairs (e.g., the lateral and medial femoral 
eondyles). 

• Crest: ridge of bone (e.g., the iliae erest). 

• Epieondyle: eminenee snperior or adjaeent to a eondyle 
(e.g., lateral epieondyle of the hnmerns). 

• Faeet: smooth flat area, nsnally eovered with eartilage, 
where a bone artienlates with another bone (e.g., snperior 


eostal faeet on the body of a vertebra for artienlation with 
a rib). 

• Foramen: passage throngh a bone (e.g., obtnrator 
foramen). 

• Fossa: hollow or depressed area (e.g., infraspinons fossa of 
the seapnla). 

• Groove: elongated depression or furrow (e.g., radial 
groove of the hnmerns). 

• Head (L. caput)\ large, ronnd artienlar end (e.g., head of 
the hnmerns). 

• Line: linear elevation (e.g., soleal line of the tibia). 

• Malleolns: ronnded proeess (e.g., lateral malleolns of the 
flbnla). 

• Noteh: indentation at the edge of a bone (e.g., greater 
seiatie noteh). 









































22 


lntroduction to Clinically Oriented Anatomy 


• Protnheranee: projeetion of bone (e.g., external oeeipital 
protnberanee). 

• Spine: thorn-like proeess (e.g., the spine of the seapnla). 

• Spinons proeess: projeeting spine-like part (e.g., spinons 
proeess of a vertebra). 

• Troehanter: large blnnt elevation (e.g., greater troehanter 
of the femnr). 

• Troehlea: spool-like artienlar proeess or proeess that aets 
as a pnlley (e.g., troehlea of the hnmerns). 

• Tnherele: small raised eminenee (e.g., greater tnberele of 
the hnmerns—Fig. 1.13). 

• Tnherosity: large ronnded elevation (e.g., isehial 
tnberosity). 

BONE DEVELOPMENT 

Most bones take many years to grow and matnre. The 
hnmerns (arm bone), for example, begins to ossify at the 
end of the embryonie period (8 weeks); however, ossifiea- 
tion is not eomplete nntil age 20. All bones derive from 
mesenehyme (embryonie eonneetive tissne) by two differ- 
ent proeesses: intramembranons ossifieation (direetly from 
mesenehyme) and endoehondral ossifieation (from ear- 
tilage derived from mesenehyme). The histology (miero- 
seopie strnetnre) of a bone is the same by either proeess 
(Ross et al., 2011). 

• In intramembranous ossifieation (membranons bone 
formation), mesenehymal models of bones form dnring 
the embryonie period, and direet ossifieation of the mes- 
enehyme begins in the fetal period. 

• In endoehondral ossifieation (eartilaginons bone for- 
mation), eartilage models of the bones form from mes- 
enehyme dnring the fetal period, and bone subsequently 
replaees most of the eartilage. 

A brief deseription of endoehondral ossifieation helps explain 
how long bones grow (Fig. 1.14). The mesenehymal eells eon- 
dense and differentiate into ehondrohlasts, dividing eells in 
growing eartilage tissne, thereby forming a eartilaginons hone 
model. In the midregion of the model, the eartilage ealeifies 
(beeomes impregnated with ealeinm salts), and periosteal 
eapillaries (eapillaries from the fibrons sheath snrronnd- 
ing the model) grow into the ealeified eartilage of the bone 
model and snpply its interior. These blood vessels, together 
with assoeiated osteogenie (hone-forming) eells, form a peri- 
osteal hud (Fig. 1.14A). The eapillaries initiate the primary 
ossifieation eenter, so named beeanse the bone tissne it 
forms replaees most of the eartilage in the main body of the 
bone model. The shaft of a bone ossified from the primary 
ossifieation eenter is the diaphysis, whieh grows as the bone 
develops. 

Most seeondary ossifieation eenters appear in other 
parts of the developing bone after birth; the parts of a 
bone ossified from these eenters are epiphyses. The ehon- 
droeytes in the middle of the epiphysis hypertrophy, and 
the hone matrix (extraeellular snbstanee) between them 
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FIGIJRE 1.14. Development and growth of a long bone. A. The forma- 
tion of primary and seeondary ossifieation eenters is shown. B. Growth in 
length occurs on both sides of the cartilaginous epiphysial plates (double- 
headedarrows). The bone formed from the primary eenter in the diaphysis 
does not fuse with that formed from the seeondary eenters in the epiphyses 
until the bone reaehes its adult size. When growth eeases, the depleted epi- 
physial plate is replaeed by a synostosis (bone-to-bone fijsion), observed as 
an epiphysial line in radiographs and seetioned bone. 


ealeifies. Epiphysial arteries grow into the developing 
eavities with assoeiated osteogenie eells. The fiared part 
of the diaphysis nearest the epiphysis is the metaphysis. 
For growth to eontinne, the bone formed from the primary 
eenter in the diaphysis does not fnse with that formed 
from the seeondary eenters in the epiphyses nntil the 
bone reaehes its adnlt size. Thns, dnring growth of a long 
bone, eartilaginons epiphysial plates intervene between 
the diaphysis and epiphyses (Fig. 1.14B). These growth 
plates are eventnally replaeed by bone at eaeh of its two 
sides, diaphysial and epiphysial. When this oeenrs, bone 
growth eeases and the diaphysis fnses with the epiphyses. 
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FIGIJRE 1.15. Vasculature and ìnnervatìon of a long bone. 


The seam formed during this fusion proeess (synostosis) 
is partienlarly dense and is reeognizable in seetioned bone 
or radiographs as an epiphysial line (Fig. 1.15). The epi- 
physial fnsion of bones oeenrs progressively from pnberty 
to matnrity. Ossijìeation of short hones is similar to that of 
the primary ossifìeation eenter of long bones, and only one 
short bone, the ealeanens (heel bone), develops a seeond- 
ary ossifìeation eenter. 


VASCUliATURE AND INNERVATION OF BONES 

Bones are riehly snpplied with blood vessels. Most appar- 
ent are the nntrient arteries (one or more per bone) that 
arise as independent branehes of adjaeent arteries ontside 
the periostenm and pass obliquely through the eompaet 
bone of the shaft of a long bone via nntrient foramina. 

eavity into 

longitndinal branehes that proeeed toward eaeh end, sup- 
plying the bone marrow, spongy bone, and deeper portions 
of the eompaet bone (Fig. 1.15). However, many small 
branehes from the periosteal arteries of the periostenm are 
responsible for nonrishment of most of the eompaet bone. 
Consequently, a bone from which the periostenm has been 
removed dies. 

Blood reaehes the osteoeytes (bone eells) in the eompaet 
bone by means of haversian systems or osteons (miero- 
seopie eanal systems) that house small blood vessels. The 
ends of the bones are snpplied by metaphysial and epiphysial 
arteries that arise mainly from the arteries that snpply the 
joints. In the limbs, these arteries are typieally part of a peri- 
artienlar arterial plexus, which surrounds the joint, ensur- 
ing blood fìow distal to the joint regardless of the position 
assnmed by the joint. 

Veins aeeompany arteries throngh the nntrient foramina. 
Many large veins also leave throngh foramina near the artien- 
lar ends of the bones. Bones eontaining red bone marrow 
have numerous large veins. Lymphatie vessels are also abun- 
dant in the periostenm. 

Nerves aeeompany blood vessels snpplying bones. The 
periostenm is riehly snpplied with sensory nerves— perios- 
teal nerves —that earry pain fìbers. The periostenm is espe- 
eially sensitive to tearing or tension, which explains the acute 
pain from bone fraetnres. Bone itself is relatively sparsely 
snpplied with sensory endings. Within bones, vasomotor 
nerves cause eonstrietion or dilation of blood vessels, regu- 
lating blood fìow throngh the bone marrow. 


The nntrient artery divides in the mednllary 


BONES 


Aeeessory (Supernumerary) Bones 

Aeeessory (supernumerary) hones develop when 



additional ossifìeation eenters appear and form 
extra bones. Many bones develop from several een- 
ters of ossifìeation, and the separate parts normally fuse. 
Sometimes one of these eenters fails to fnse with the main 
bone, giving the appearanee of an extra bone. Careful study 
shows that the apparent extra bone is a missing part of the 
main bone. Circumscribed areas of bone are often seen along 
the sutures of the cranium where the fìat bones abut, par- 
ticularly those related to the parietal bone (see Chapter 7). 
These small, irregnlar, worm-like bones are sutural 
bones (wormian bones). It is important to know that aeees- 
sory bones are eommon in the foot, to avoid mistaking 


them for bone fragments in radiographs and other medi- 
eal images. 


Heterotopìe Bones 

Bones sometimes form in soft tissnes where they 
are not normally present (e.g., in sears). Horse rid- 
ers often develop heterotopie hones in their thighs 
(riders hones), probably beeanse of ehronie mnsele strain 
resnlting in small hemorrhagie (bloody) areas that nndergo 
ealeifìeation and eventnal ossifìeation. 



Trauma to Bone and Bone Ghanges 



Bones are living organs that cause pain when 
injnred, bleed when fraetnred, remodel in rela- 
tionship to stresses plaeed on them, and ehange 
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Sternal Pnnetnre 


with age. Like other organs, bones have blood vessels, lym- 
phatie vessels, and nerves, and they may beeome diseased. 
Unused bones, sneh as in a paralyzed limb, atrophy 
(deerease in size). Bone may be absorbed, which oeenrs in 
the mandible when teeth are extracted. Bones hypertrophy 
(enlarge) when they snpport inereased weight for a long 
period. 

Tranma to a bone may break it. For the fraetnre to heal 
properly, the broken ends mnst be bronght together, approx- 
imating their normal position. This is ealled rednetion of a 
fraetnre. Dnring bone healing, the surYoundìng fihrohlasts 
(eonneetive tissne eells) proliferate and seerete eollagen, 
which forms a eollar of eallns to hold the bones together 
(Fig. BI.4). Bone remodeling oeenrs in the fraetnre area, 
and the eallns ealeifies. Eventnally, the eallns is resorbed 
and replaeed by bone. After several months, little evidenee 
of the fraetnre remains, espeeially in yonng people. Frae- 
tnres are more eommon in ehildren than in adnlts beeanse 
of the eombination of their slender, growing bones and eare- 
free aetivities. Fortnnately, many of these breaks are green- 
stiek fraetnres (ineomplete breaks eansed by bending of the 
bones). Fraetnres in growing bones heal faster than those in 
adnlt bones. 

Osteoporosís 

Dnring the aging proeess, the organie and inor- 
ganie eomponents of bone both deerease, often 
resnlting in osteoporosis, a rednetion in the quan- 
tity of bone, or atrophy of skeletal tissne (Fig. BI.5). Henee, 
the bones beeome brittle, lose their elastieity, and fraetnre 
easily. Bone seanning is an imaging method nsed to assess 
normal and diminished bone mass (see the seetion on 
Medieal Imaging Techniques at the end of this 
introdnetion). 


Examination of bone marrow provides valnable 
information for evalnating hematologieal (blood) 
diseases. Beeanse it lies jnst beneath the skin (i.e., 
is snbentaneons) and is easily aeeessible, the sternnm 
(breast bone) is a eommonly nsed site for harvesting bone 
marrow. Dnring a sternal pnnetnre, a wide-bore (large 
diameter) needle is inserted throngh the thin eortieal bone 
into the spongy bone. A sample of red hone marroto is aspi- 
rated with a syringe for laboratory examination. Bone mar- 
roto transplantation is sometimes performed in the 
treatment of lenkemia. 

Bone Growth and Assessment 
of Bone Age 

Knowledge of the sites where ossifieation eenters 
oeenr, the times of their appearanee, the rates at 
which they grow, and the times of fnsion of the sites 
(times when synostosis oeenrs) is important in elinieal medi- 
eine, forensie seienee, and anthropology. A general index of 
growth dnring infaney, ehildhood, and adoleseenee is indi- 
eated hy hone age, as determined from radiographs (negative 
images on X-ray films). The age of a yonng person ean be 
determined by stndying the ossifieation eenters in bones. 
The main eriteria are: (1) the appearanee of ealeified mate- 
rial in the diaphysis and/or epiphyses and (2) the disappear- 
anee of the radiolneent (dark) line representing the 
epiphysial plate (absenee of this line indieates that epiphysial 
fnsion has oeenrred; fnsion oeenrs at speeifie times for eaeh 
epiphysis). The fnsion of epiphyses with the diaphysis oeenrs 
1 to 2 years earlier in girls than in boys. Determining bone 
age ean be helpfnl in predieting adnlt height in early- or late- 
matnring adoleseents. Assessment of bone age also helps 
establish the approximate age of hnman skeletal remains in 
medieolegal eases. 
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Effeets of Disease and Dìet 
on Bone Growth 



Some diseases produce early epiphysial fosion (ossi- 
fieation time) eompared with what is normal for the 
person’s ehronologieal age; other diseases result in 
delayed fiision. The growing skeleton is sensitive to relatively 
slight and transient illnesses and to periods of malnntrition. 
Proliferation of eartilage at the metaphyses slows down dur- 
ing starvation and illness, but the degeneration of eartilage 
eells in the eolnmns eontinnes, prodneing a dense line of pro- 
visional ealeifieation. These lines later beeome bone with 
thiekened trabeenlae, or lines of arrested groivth. 


Displaeement and Separation 
of Epiphyses 



Without knowledge of bone growth and the appear- 
anee of bones in radiographie and other diagnostie 
images at varions ages, a displaeed epiphysial plate 


could be mistaken for a fraetnre, and separation of an epiph- 
ysis could be interpreted as a displaeed pieee of a fraetnred 
bone. Knowing the patient’s age and the loeation of epiphy- 
ses ean prevent these anatomieal errors. The edges of the 
diaphysis and epiphysis are smoothly enrved in the region of 
the epiphysial plate. Bone fraetnres always leave a sharp, 
often nneven edge of bone. An injnry that eanses a fraetnre 
in an adult usually causes the displaeement of an epiphysis in 
a ehild. 


Avascular Neerosis 



Loss of arterial snpply to an epiphysis or other parts 
of a bone resnlts in the death of bone tissne— 
avasenlar neerosis (G. nekrosis, deadness). After 
every fraetnre, small areas of adjaeent bone nndergo neerosis. 
In some fraetnres, avasenlar neerosis of a large fragment of 
bone may occur. A number of elinieal disorders of epiphyses 
in ehildren resnlt from avasenlar neerosis of unknown etiology 
cause). These disorders are referred to as osteoehondroses. 


The Bottom Lìne 


GARTILAGE AND BONES 

The skeletal system ean be divided into the axial (bones of the 
head, neek, and tmnk) and appendicular skeletons (bones 
of the limbs). The skeleton itself is eomposed of several types 
oftissue: ♦ eartilage, asemirigid eonneetive tissue; ♦ bone, 
a hard form of eonneetive tissue that provides support, 
proteetion, movement, storage (of eertain eleetrolytes), and 
synthesis of blood eells; ♦ periosteum, which surrounds 
bones, and perichondrium, which surrounds eartilage, pro- 
vide nourishment for these tissues and are the sites of new 
eartilage and bone formation. Two types of bone, spongy 
and eompaet, are distinguished by the amount of solid mat- 
ter and the size and number of spaees they eontain. Bones 
ean be elassified as long, short, flat, irregular, orsesamoid. 
Standard terms forspeeifie bone markings and features are 
used when deseribing the structure of individual bones. 

Most bones take many years to grow. Bones grow 
through the proeesses of: ♦ intramembraneous ossifiea- 
tion, in which mesenehymal bone models are formed during 
the embryonie and prenatal periods, and ♦ endoehon- 
dral ossifieation, in which eartilage models are formed 
during the fetal period, with bone subsequently replaeing 
most of the eartilage after birth. 


Joints 

Joints (articulations) are unions or jnnetions between two 
or more bones or rigid parts of the skeleton. Joints exhibit a 
variety of forms and fimetions. Some joints have no move- 


ment, such as the epiphysial plates between the epiphysis 
and diaphysis of a growing long bone; others allow only slight 
movement, such as teeth within their soekets; and some are 
freely movable, such as the glenohumeral (shoulder) joint. 

GLASSIFieATION OF JOINTS 

Three elasses of joints are deseribed, based on the manner or 
type of material by which the artienlating bones are nnited. 

1. The artienlating bones of synovial joints are nnited by a 
joint (artienlar) eapsnle (eomposed of an outer fibrons 
layer lined by a serons synovial membrane) span- 
ning and enelosing an artienlar eavity. The joint eavity 
of a synovial joint, like the knee, is a potential spaee that 
eontains a small amonnt of inbrieating synovial flnid, 
seereted by the synovial membrane. Inside the eapsnle, 
artienlar eartilage eovers the artienlating snrfaees of the 
bones; all other internal snrfaees are eovered by synovial 
membrane. The bones in Fignre I.16A, normally elosely 
apposed, have been pnlled apart for demonstration, and 
the joint eapsnle has been infiated. Consequently the 
normally potential joint eavity is exaggerated. The perios- 
teum investing the partieipating bones external to the joint 
blends with the fibrons layer of the joint eapsnle. 

2. The artienlating bones of fibrous joints are nnited by 
fibrons tissne. The amonnt of movement oeenrring at 
a fibrons joint depends in most eases on the length of the 
fibers nniting the artienlating bones. The sutures of the 
cranium are examples of fibrons joints (Fig. I.16B). These 
bones are elose together, either interloeking along a wavy 
line or overlapping. A syndesmosis type of fibrons joint 
nnites the bones with a sheet of fibrons tissne, either a lig- 
ament or a fibrons membrane. Consequently, this type of 





26 


lntroduction to Clinically Oriented Anatomy 


Periosteunn 


Ligament 


r 


Joint 

capsule 


Fibrous 

capsule 


< 


V, 


Synovial 
membrane 


Oompaet 

bone 



(A) Synovial joint 


Femur 


Joint eavity 
(eontaining 
synovial 
fluid) 


Articular 

eartilage 


Infrapatellar 
fat pad 



Synovial 

membrane 


Joint eavity 
Meniscus 


Tibia 


Sehematie model 


Knee joint 


Diploè (spongy 
bone betvveen 




Suture 


Ooronal 

suture 


Oompaet 

bone 


Dlna 


Radius 


Interosseous 

membrane 



Syndesmosis 



Femur 


Articular 

eartilage 

Head of 
femur 

Epiphysial 



Body of 
vertebra 


Primary 

(C) Cartilaginous joints 


Intervertebral dise 



Seeondary 


(B) Fibrous joints 


FIGIJRE 1.16. Three elasses ofjoint. Examples ofeaeh elass are shovvn. A. Two models demonstrating basie features ofa synovial joint 


joint is partially movable. The interosseons membrane in 
the forearm is a sheet of fibrons tissne that joins the radins 
and nlna in a syndesmosis. A dento-alveolar syndesmo- 
sis (gomphosis or soeket) is a fibrons joint in whieh a peg- 
like proeess fits into a soeket artienlation between the root 
of the tooth and the alveolar proeess of the jaw. Mobility 
of this joint (a loose tooth) indieates a pathologieal state 
affeeting the snpporting tissnes of the tooth. However, 
mieroseopie movements here give us information (via the 
sense of proprioeeption) abont how hard we are biting or 
elenehing onr teeth and whether we have a partiele stnek 
between onr teeth. 

3. The artienlating strnetnres of eartilaginons joints are 
nnited by hyaline eartilage or fibroeartilage. In primary 
eartilaginons joints, or synehondroses, the bones are 


nnited by hyaline eartilage, which permits slight bending 
dnring early life. Primary eartilaginons joints are nsnally 
temporary nnions, sneh as those present dnring the devel- 
opment of a long bone (Figs. 1.14 and 1.16C), where the bony 
epiphysis and the shaft are joined by an epiphysial plate. 
Primary eartilaginons joints permit growth in the length of 
a bone. When fnll growth is aehieved, the epiphysial plate 
eonverts to bone and the epiphyses fnse with the diaphy- 
sis. Seeondary eartilaginons joints, or symphyses, are 
strong, slightly movable joints nnited by fibroeartilage. 
The fibroeartilaginons intervertehral dises (Fig. I.16C) 
between the vertebrae eonsist of binding eonneetive tis- 
sne that joins the vertebrae together. Cumulatively, these 
joints provide strength and shoek absorption as well as 
eonsiderable fievibility to the vertebral eolnmn (spine). 
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Synovial joints, the most eommon type of joint, provide 
free movement between the bones they join; they are 
joints of loeomotion, typieal of nearly all limb joints. Syno- 
vial joints are nsnally reinforeed by aeeessory ligaments 
that are either separate {extrinsic) or are a thiekening of 
a portion of the joint eapsnle (intrinsie). Some synovial 
joints have other distingnishing featnres, sneh as a fibro- 
eartilaginons artienlar dise or menisens, which are present 
when the artienlating snrfaees of the bones are ineongrn- 

ons (Fig. I.16A). 

The six major types of synovial joints are elassified aeeord- 
ing to the shape of the artienlating snrfaees and/or the type 
of movement they permit (Fig. 1.17): 


1. Plane joints permit gliding or sliding movements in the 
plane of the artienlar snrfaees. The opposed snrfaees of 
the bones are fiat or almost fiat, with movement limited by 
their tight joint eapsnles. Plane joints are nnmerons and are 
nearly always small. An example is the aeromioelavienlar 
joint between the aeromion of the seapnla and the elaviele. 

2. Hinge joints permit fiexion and extension only, move- 
ments that oeenr in one plane (sagittal) aronnd a single 
axis that rnns transversely; thns hinge joints are uniaxial 
joints. The joint eapsnle of these joints is thin and lax ante- 
riorly and posteriorly where movement oeenrs; however, 
the bones are joined by strong, laterally plaeed eollateral 
ligaments. The elhovo joint is a hinge joint. 
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FIGIJRE 1.17. The sixtypes of synovial joints. Synovial joints are elassified aeeordingto the shape oftheir articulating surfaces and/orthe type of 
movement they permit. 
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3. Saddle joints permit abduction and addnetion as well as 
flexion and extension, movements occurring aronnd two 
axes at right angles to eaeh other; thus saddle joints are 
hiaxial joints that allow movement in two planes, sagit- 
tal and frontal. The performanee of these movements in 
a eirenlar sequence (circumduction) is also possible. The 
opposing artienlar snrfaees are shaped like a saddle (i.e., 
they are reeiproeally eoneave and convex). The earpo- 
metaearpal joint at the base of the Ist digit (thumb) is a 
saddle joint (Fig. 1.17). 

4. Gondyloid joints permit flexion and extension as well as 
abdnetion and addnetion; thus eondyloid joints are also 
biaxial. However, movement in one plane (sagittal) is usu- 
ally greater (freer) than in the other. Circumduction, more 
restrieted than that of saddle joints, is also possible. The 
metaearpophalangealjoints (knnekle joints) are eondyloid 
j oints. 

5. Ball and soeket joints allow movement in mnltiple axes 
and planes: flexion and extension, abdnetion and addnetion, 
medial and lateral rotation, and circumduction; thus ball 
and soeket joints are multiaxialjoints. In these highly mobile 
joints, the spheroidal snrfaee of one bone moves within the 
soeket of another. The hipjoint is a ball and soeket joint in 
which the spherieal head of the femur rotates within the 
soeket formed by the acetahulum of the hip bone. 

6. Pivot joints permit rotation aronnd a eentral axis; thus 
they are uniaxial. In these joints, a ronnded proeess of 
bone rotates within a sleeve or ring. The median atlanto- 
axialjoint is a pivot joint in which the atlas (C1 vertebra) 


rotates aronnd a flnger-like proeess, the dens of the axis 

(C2 vertebra), dnring rotation of the head. 

JOINT VASCUIiATURE AND INNERVATION 

Joints reeeive blood from artienlar arteries that arise from 
the vessels aronnd the joint. The arteries often anastomose 
(eommnnieate) to form networks {peri-artienlar arterial 
anastomoses) to ensnre a blood snpply to and aeross the 
joint in the varions positions assnmed by the joint. Articular 
veins are eommnnieating veins that aeeompany arteries (L. 
venae eomitantes) and, like the arteries, are loeated in the 
joint eapsnle, mostly in the synovial membrane. 

Joints have a rieh nerve supply provided by artienlar 
nerves with sensory nerve endings in the joint eapsnle. In 
the distal parts of the limbs (hands and feet), the artienlar 
nerves are branehes of the cutaneous nerves snpplying the 
overlying skin. However, most artienlar nerves are branehes 
of nerves that snpply the mnseles that eross and therefore 
move the joint. The Hilton law states that the nerves sup- 
plying a joint also snpply the mnseles moving the joint and 
the skin eovering their distal attaehments. 

Artienlar nerves transmit sensory impnlses from the joint 
that eontribnte to the sense of propríoeeption, which pro- 
vides an awareness of movement and position of the parts of 
the body. The synovial membrane is relatively insensitive. Pain 
flbers are numerous in the flbrons layer of the joint eapsnle 
and the aeeessory ligaments, eansing eonsiderable pain when 
the joint is injnred. The sensory nerve endings respond to the 
twisting and stretehing that oeenrs dnring sports aetivities. 


JOINTS 

Joints of Newborn Cranìum 

The bones of the ealvaria (sknlleap) of a newborn 
infant’s eraninm do not make fnll eontaet with eaeh 



other (Fig. BI.6). At these sites, the sutures form 
wide areas of flbrous tissue ealled fontanelles. The anterior 
fontanelle is the most prominent; laypeople eall it the “soft 
spot.” The fontanelles in a newborn are often felt as ridges 
beeanse of the overlapping of the eranial bones by molding of 
the ealvaria as it passes throngh the birth eanal. Normally, the 
anterior fontanelle is flat. A bnlging fontanelle may indieate 
inereased intraeranial pressnre; however, the fontanelle nor- 
mally bnlges dnring erying. Pnlsations of the fontanelle refleet 
the pulse of eerebral arteries. A depressed fontanelle may be 
observed when the baby is dehydrated (Swartz, 2001). 


Anterior fontanelle 



Frontal suture 


Internasal suture 


Internnaxillary suture 


Mandibular symphysis 
(intermandibular suture) 


FIGURE BI.6. 


Degenerative Joint Disease 

Synovial joints are well designed to withstand wear, 
but heavy use over several years ean cause degen- 



erative ehanges. Some destrnetion is inevitable dur- 
ing such aetivities as jogging, which wears away the artienlar 
eartilages and sometimes erodes the nnderlying artienlating 


snrfaees of the bones. The normal aging of artienlar eartilage 
begins early in adult life and progresses slowly thereafter, 
oeenrring on the ends of the artienlating bones, partienlarly 
those of the hip, knee, vertebral eolnmn, and hands (Salter, 
1998). These irreversible degenerative ehanges in joints 
resnlt in the artienlar eartilage beeoming a less effeetive 
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shoek absorber and inbrieated snrfaee. As a resnlt, the artien- 
lation beeomes inereasingly vnlnerable to the repeated frie- 
tion that oeenrs dnring joint movements. In some people, 
these ehanges do not prodnee signifieant symptoms; in oth- 
ers, they eanse eonsiderable pain. 

Degenerative joint disease or osteoarihritis is often 
aeeompanied by stiffness, diseomfort, and pain. Osteoarthri- 
tis is eommon in older people and nsnally affeets joints that 
snpport the weight of their bodies (e.g., the hips and knees). 
Most snbstanees in the bloodstream, normal or pathologieal, 
easily enter the joint eavity. Similarly, tranmatie infeetion of 
a joint may be followed by arthritis, infiammation of a joint, 
and septieemia, blood poisoning. 


Arthroseopy 

The eavity of a synovial joint ean be examined by 
inserting a eannnla and an arthroseope (a small tele- 
seope) into it. This snrgieal proeednre— 
arthroseopy —enables orthopedie snrgeons to examine joints 
for abnormalities, sneh as torn menisei (partial artienlar dises 
of the knee joint). Some snrgieal proeednres ean also be per- 
formed dnring arthroseopy (e.g., by inserting instrnments 
throngh small pnnetnre ineisions). Beeanse the opening in 
the joint eapsnle for inserting the arthroseope is small, heal- 
ing is more rapid after this proeednre than after traditional 
joint snrgery. 



The Bottom Lìne 


JOINTS 

A joint is a union between two or more bones or rigid 
parts of the skeleton. Three general types of joints are 
reeognized: fibrous, cartilaginous, and synovial. Freely 
moveable synovial joints: ♦ are the most eommon type; 

♦ ean be elassified into plane, hinge, saddle, eondyloid, 
ball and soeket, and pivot; ♦ reeeive their blood sup- 
ply from articular arteries that often form networks; ♦ 
are drained by articular veins originating in the synovial 
membrane; ♦ are riehly innervated by articular nerves 
that transmitthe sensation of proprioeeption, an aware- 
ness of movement and position of parts of the body. 


MUSCLE TISSUE AND 
MUSCUliAR SYSTEM 

R 

The muscular system eonsists of all the muscles of the body. 
Voluntary skeletal mnseles eonstitnte the great majority of 
the named mnseles. All skeletal mnseles are eomposed of 
one speeifie type of mnsele tissne. However, other types of 
mnsele tissne eonstitnte a few named mnseles (e.g., the eili- 
ary and detrnsor mnseles, and the arreetor mnseles of hairs) 
and form important eomponents of the organs of other sys- 
tems, inelnding the eardiovasenlar, alimentary, genitonri- 
nary, integnmentary, and visnal systems. 

Types of Muscle (Muscle Tìssue) 

Mnsele eells, often ealled mnselejìhers beeanse they are long 
and narrow when relaxed, are speeialized eontraetile eells. 
They are organized into tissnes that move body parts or tem- 
porarily alter the shape (rednee the eirenmferenee of all or 
part) of internal organs. Assoeiated eonneetive tissne eonveys 
nerve fibers and eapillaries to the mnsele eells as it binds 


them into bnndles or faseieles. Three types of mnsele are 
deseribed based on distinet eharaeteristies relating to: 

• Whether it is normally willfully eontrolled {volnntary vs. 
involnntary ). 

• Whether it appears striped or nnstriped when viewed 
under a mieroseope {striated vs. smooth or nnstriated). 

• Whether it is loeated in the body wall {soma) and limbs or 
makes up the hollow organs {viseera, e.g., the heart) of the 
body eavities or blood vessels {somatie vs. viseeral). 

There are three mnsele types (Table I.l): 

1. Skeletal striated muscle is volnntary somatie mnsele 
that makes up the gross skeletal mnseles that eompose the 
muscular system, moving or stabilizing bones and other 
structures (e.g., the eyeballs). 

2. Gardiae striated muscle is involuntary viseeral mnsele 
that forms most of the walls of the heart and adjaeent parts 
of the great vessels, such as the aorta, and pumps blood. 

3. Smooth muscle (unstriated mnsele) is involnntary vis- 
eeral mnsele that forms part of the walls of most vessels 
and hollow organs (viseera), moving snbstanees throngh 
them by eoordinated sequential eontraetions (pnlsations 
or peristaltie eontraetions). 

Skeletal Muscles 

FORM, FEATURES, AND NAMING OF MUSCLES 

All skeletal mnseles, eommonly referred to simply as “mnseles,” 
have fieshy, reddish, eontraetile portions (one or more heads or 
bellies) eomposed of skeletal striated mnsele. Some mnseles 
are fieshy throughout, but most also have white non-eontraetile 
portions (tendons), eomposed mainly of organized eollagen 
bnndles, that provide a means of attaehment (Fig. 1.18). 

When referring to the length of a mnsele, both the belly 
and the tendons are inelnded. In other words, a mnsele’s 
length is the distanee between its attaehments. Most skeletal 
mnseles are attaehed direetly or indireetly to bones, earti- 
lages, ligaments, or faseias or to some eombination of these 
structures. Some muscles are attaehed to organs (the eye- 
ball, for example), skin (such as faeial muscles), and mucous 
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TABLEI.l. TYPES OF MUSCLE (MUSCLE TISSUE) 


Muscle Type 


Loeation 


Appearanee 
of Gells 


Type of Aetivity 


Stimulation 



Striation 


Muscle fiber 


Nucleus 


Satellite eell 


Skeletal striated 
nnuscle 



eomposes gross, 
named muscles 
(e.g., bieeps of 
arm) attaehed to 
skeleton and fas- 
eia of limbs, body 
wall, and head/ 
neek 


Large, 
very long, 
unbranched, 
eylindrieal 
fíbers with 
transverse stri- 
ations (stripes) 
arranged in 
parallel bun- 
dles; multiple, 
peripherally 
ioeated nuclei 


Intermittent (phasie) 
eontraetion above a 
baseline tonus; aets 
primarily to produce 
movement (iso- 
tonie eontraetion) 
through shortening 
(eoneentrie eontrae- 
tion) or eontrolled 
relaxation (eeeentrie 
eontraetion), or to 
maintain position 
againstgravity or 
other resisting foree 
without movement 
(isometrie eontrae- 
tion) 


Voluntary (or 
reflexive) by 
somatie nervous 
system 



Nucleus 


Interealated 

dise 


Striation 


Muscle fiber 


Gardiae striated muscle 



Muscle of heart 
(myocardium) 
and adjaeent por- 
tions of great ves- 
sels (aorta, vena 
eava) 


Branehing and 
anastomosing 
shorter fíbers 
with transverse 
striations 
(stripes) run- 
ning parallel 
and eonneeted 
end to end by 
complex junc- 
tions (interea- 
lated dises); 
single, eentral 
nucleus 


Strong, quick, eon- 
tinuous rhythmie 
eontraetion; aets to 
pump blood from 
heart 


lnvoluntary; intrin- 
sieally (myogeni- 
eally) stimulated 
and propagated; 
rate and strength 
of eontraetion 
modifíed by auto- 
nomie nervous 
system 



Smooth (unstriated or unstriped) 
muscle 


Smooth muscle 
fiber 


Nucleus 


Walls of hollow 
viseera and blood 
vessels, iris, and 
eiliary body of 
eye; attaehed 
to hairfollieles 
of skin (arreetor 
muscle of hair) 


Single or 
agglomerated 
small, spindle- 
shaped fíbers 
withoutstria- 
tions; single 
eentral nucleus 


Weak, slow, rhyth- 
mie, or sustained 
tonie eontraetion; 
aets mainly to 
propel substances 
(pehstalsis) and to 
restrictflow (vaso- 
eonstrietion and 
sphinetehe aetivity) 


lnvoluntary by 
autonomic ner- 
vous system 
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FIGIJRE 1.18. Archìtecture and shape of 
skeletal muscles. The architecture and shape of 
a skeletal muscle depend on the arrangement of 
its fibers. 
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membranes (intrinsie tongne mnseles). Mnseles are organs 
of loeomotion (movement), but they also provide statie sup- 
port, give form to the body, and provide heat. Figure 1.19 
identifies the skeletal mnseles that lie most snperfieially. The 
deep mnseles are identified when eaeh region is stndied. 

The arehiteetnre and shape of mnseles vary (Fig. 1.18). 
The tendons of some mnseles form fiat sheets, or aponeu- 
roses, that anehor the muscle to the skeleton (usually a ridge 
or a series of spinous proeesses) and/or to deep faseia (such as 
the latissimus dorsi muscle of the baek), or to the aponeurosis 
of another muscle (such as the oblique muscles of the antero- 
lateral abdominal wall). Most mnseles are named on the basis 
of their fimetion or the bones to which they are attaehed. The 
abdnetor digiti minimi muscle, for example, abducts the little 
finger. The sternoeleidomastoid muscle (G. kleidos, bolt or 
bar, elaviele) attaehes inferiorly to the sternnm and elaviele 
and snperiorly to the mastoid proeess of the temporal bone 
of the eraninm. Other mnseles are named on the basis of 
their position (medial, lateral, anterior, posterior) or length 
(brevis, short; longus, long). Mnseles may be deseribed or 
elassified aeeording to their shape, for which a muscle may 
also be named: 

• Flat muscles have parallel fibers often with an 
aponenrosis—for example, the external oblique (broad 


fiat muscle). The sartorius is a narrow fiat muscle with 
parallel fibers. 

• Pennate mnseles are feather-like (L. pennatns, feather) 
in the arrangement of their faseieles, and may be nnipen- 
nate, hipennate, or mnltipennate —for example, extensor 
digitornm longus (unipennate), rectus femoris (bipen- 
nate), and deltoid (mnltipennate). 

• Fnsiform mnseles are spindle shaped with a round, thiek 
belly (or bellies) and tapered ends—for example, bieeps 
braehii. 

• Gonvergent mnseles arise from a broad area and eonverge 
to form a single tendon—for example, peetoralis major. 

• Quadrate muscles have four equal sides (L. quadratus, 
square)—for example, the rectus abdominis, between its 
tendinons interseetions. 

• Circular or sphineteral mnseles surround a body open- 
ing or orifiee, eonstrieting it when eontraeted—for exam- 
ple, orbienlaris oculi (eloses the eyelids). 

• Mnltiheaded or mnltihellied mnseles have more than 
one head of attaehment or more than one eontraetile belly, 
respeetively. Bieeps muscles have two heads of attaehment 
(e.g., bieeps braehii), trieeps muscles have three heads 
(e.g., trieeps braehii), and the digastrie and gastroene- 
mius muscles have two bellies. (Those of the former are 
arranged in tandem; those of the latter lie parallel.) 
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(A) Posterior View 


(B) Anterior View 


FIGUREI.19. Superficial skeletal muscles. Most ofthe muscles shovvn move the skeleton for loeomotion, but some muscles—espeeially those ofthe 
head—move other structures (e.g., the eyeballs, sealp, eyelids, skin of faee, and tongue). The sheath of the left rectus abdominis, formed by aponeuroses of 
the fìat abdominal muscles, has been removed to reveal the muscle. Retinculae are deep faseial thiekenings that tether tendons to underlying bones as they 
eross joints. 
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eONTRAGTION OF MUSCLES 

Skeletal muscles fanetion by eontraeting; they pnll and never 
pnsh. However, eertain phenomena—sneh as “popping of the 
ears” to equalize air pressnre and the musculovenous pump 
(pp. 41-42, Fig. 1.26)—take advantage of the expansion of 
muscle bellies dnring eontraetion. When a mnsele eontraets 
and shortens, one of its attaehments nsnally remains fixed 
while the other (more mobile) attaehment is pnlled toward 
it, often resnlting in movement. Attaehments of mnseles are 
eommonly deseribed as the origin and insertion; the origin is 
nsnally the proximal end of the mnsele, which remains fixed 
dnring mnsenlar eontraetion, and the insertion is nsnally the 
distal end of the muscle, which is movable. However, this is 
not always the ease. Some mnseles ean aet in both direetions 
nnder different eirenmstanees. For example, when doing 
pnsh-nps, the distal end of the npper limb (the hand) is fixed 
(on the fioor) and the proximal end of the limb and the trunk 
(of the body) are being moved. Therefore, this book nsnally 
nses the terms proximal and distal or medial and lateral when 
deseribing most mnsele attaehments. Note that if the attaeh- 
ments of a mnsele are known, the aetion of the mnsele ean 
nsnally be dedneed (rather than memorized). When stndying 
mnsele attaehments, aet ont the aetion; yon are more likely to 
learn things yon have experienced. 

Reflexíve Contractíon. Althongh skeletal mnseles are 
also referred to as volnntary mnseles, eertain aspeets of their 
aetivity are antomatie (reflexive) and therefore not volnn- 
tarily eontrolled. Examples are the respiratory movements 
of the diaphragm, eontrolled most of the time by refiexes 
stimnlated by the levels of oxygen and earbon dioxide in the 
blood (althongh we ean willfully eontrol it within limits), and 
the myotatie refiex, which resnlts in movement after a mnsele 
streteh prodneed by tapping a tendon with a refiex hammer. 

Tonìe Gontraetíon. Even when “relaxed,” the mnseles 
of a eonseions individnal are almost always slightly eontraeted. 
This slight eontraetion, ealled muscle tone (tonus), does not 
prodnee movement or aetive resistanee (as phasie eontrae- 
tion does) bnt gives the mnsele a eertain firmness, assisting 
the stability of joints and the maintenanee of postnre, while 
keeping the mnsele ready to respond to appropriate stimnli. 
Mnsele tone is nsnally absent only when nneonseions (as dnr- 
ing deep sleep or nnder general anesthesia) or after a nerve 
lesion resnlting in paralysis. 

Phasíe Contractìon. There are two main types of pha- 
sie (aetive) muscle eontraetions : (1) isotonie eontrae- 
tions, in which the mnsele ehanges length in relationship to 
the prodnetion of movement, and (2) isometrie eontrae- 
tions, in which mnsele length remains the same—no move- 
ment oeenrs, bnt the foree (mnsele tension) is inereased 
above tonie levels to resist gravity or other antagonistie foree 
(Fig. 1.20). The latter type of eontraetion is important in 
maintaining npright postnre and when mnseles aet as fixators 
or shnnt mnseles as deseribed below. 

There are two types of isotonie eontraetions. The type 
we most eommonly think of is eoneentrie eontrae- 
tion, in which movement oeenrs as a resnlt of the mnsele 


shortening—for example, when lifting a enp, pnshing a door, 
or striking a blow. The ability to apply exceptional foree by 
means of eoneentrie eontraetion often is what distingnishes 
an athlete from an amatenr. The other type of isotonie eon- 
traetion is eeeentrie eontraetion, in which a eontraeting 
mnsele lengthens—that is, it nndergoes a eontrolled and 
gradnal relaxation while eontinnally exerting a (diminishing) 
foree, like playing ont a rope. Althongh people are generally 
not as aware of them, eeeentrie eontraetions are as important 
as eoneentrie eontraetions for eoordinated, fnnetional move- 
ments sneh as walking, rnnning, and setting objeets (or one’s 
self) down. 

Often, when the main mnsele of a partienlar movement 
(the prime mover) is nndergoing a eoneentrie eontraetion, 
its antagonist is nndergoing a eoordinated eeeentrie eontrae- 
tion. In walking, we eontraet eoneentrieally to pnll onr eenter 
of gravity fonvard and then, as it passes ahead of the limb, 
we eontraet eeeentrieally to prevent a inrehing dnring the 
transfer of weight to the other limb. Eeeentrie eontraetions 
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FIGIJRE 1.20. isometrie and ísotonie eontraetions. isometrie eontrae- 
tion sustains the position of a joint without producing movement. Con- 
eentrie and eeeentrie eontraetions are isotonie eontraetions in which the 
muscle ehanges length: eoneentrie eontraetions by shortening and eeeentrie 
eontraetions by aetively eontrolled lengthening (relaxation). 
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reqmre less metabolie energy at the same load bnt, with a 
maximal eontraetion, are eapable of generating mneh higher 
tension levels than eoneentrie eontraetions—as mneh as 50% 
higher (Marieb, 2004). 

Whereas the structural unit of a mnsele is a skeletal stri- 
ated mnsele fiber, the ftinetional unit of a mnsele is a motor 
unit, eonsisting of a motor nenron and the mnsele fibers it 
eontrols (Fig. 1.21). When a motor nenron in the spinal eord 
is stimnlated, it initiates an impnlse that eanses all the mnsele 
fibers snpplied by that motor nnit to eontraet simnltaneonsly. 
The nnmber of mnsele fibers in a motor nnit varies from one 
to several hnndred. The nnmber of fibers varies aeeording 
to the size and fnnetion of the mnsele. Large motor nnits, in 
whieh one nenron snpplies several hnndred mnsele fibers, 
are in the large trnnk and thigh mnseles. In smaller eye and 
hand mnseles, where preeision movements are required, 
the motor nnits inelnde only a few mnsele fibers. Movement 
(phasie eontraetion) resnlts from the aetivation of an inereas- 
ing nnmber of motor nnits, above the level reqmred to main- 
tain mnsele tone. 

FUNCTIONS OF MUSCLES 

Mnseles serve speeifie fnnetions in moving and positioning 
the body. 

• A prime mover (agonist) is the main mnsele responsible 
for prodneing a speeifie movement of the body. It eon- 
traets eoneentrieally to prodnee the desired movement, 
doing most of the work (expending most of the energy) 
required. In most movements, there is a single prime 
mover, bnt some movements involve two prime movers 
working in equal measnre. 

• A fixator steadies the proximal parts of a limb throngh 
isometrie eontraetion while movements are oeenrring in 
distal parts. 
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FIGIJRE 1.21. Motor unit. A motor unit eonsists ofa single motor neu- 
ron and the muscle fibers innervated by it. 


• A synergist eomplements the aetion of a prime mover. 
It may direetly assist a prime mover, providing a weaker 
or less meehanieally advantaged eomponent of the same 
movement, or it may assist indireetly, by serving as a fix- 
ator of an intervening joint when a prime mover passes 
over more than one joint, for example. It is not nnnsnal to 
have several synergists assisting a prime mover in a par- 
tienlar movement. 

• An antagonist is a mnsele that opposes the aetion of 
another mnsele. A primary antagonist direetly opposes 
the prime mover, bnt synergists may also be opposed by 
seeondary antagonists. As the aetive movers eoneentri- 
eally eontraet to prodnee a movement, antagonists eeeen- 
trieally eontraet, relaxing progressively in eoordination to 
prodnee a smooth movement. 

The same mnsele may aet as a prime mover, antagonist, syn- 
ergist, or fixator nnder different eonditions. Note also that 
the aetnal prime mover in a given position may be gravity. 
In sneh eases, a paradoxical sitnation may exist in which the 
prime mover nsnally deseribed as being responsible for the 
movement is inaetive (passive), while the eontrolled relax- 
ation (eeeentrie eontraetion) of the antigravity antagonist(s) 
is the aetive (energy requiring) eomponent in the move- 
ment. An example is lowering (addneting) the npper limbs 
from the abdneted position (stretehed ont laterally at 90° 
to the trnnk) when standing ereet (Fig. I.20C). The prime 
mover (addnetor) is gravity; the mnseles deseribed as the 
prime movers for this movement (peetoralis major and latis- 
simns dorsi) are inaetive or passive; and the mnsele being 
aetively innervated (eontraeting eeeentrieally) is the deltoid 
(an abdnetor, typieally deseribed as the antagonist for this 
movement). 

When a mnsele’s pnll is exerted along a line that paral- 
lels the axis of the bones to which it is attaehed, it is at a 
disadvantage for prodneing movement. Instead it aets to 
maintain eontaet between the artienlar snrfaees of the joint 
it erosses (i.e., it resists disloeating forees); this type of mnsele 
is a shunt muscle. For example, when the arms are at one’s 
sides, the deltoid fnnetions as a shnnt mnsele. The more 
oblique a mnsele’s line of pnll is oriented to the bone it moves 
(i.e., the less parallel the line of pnll is to the long axis of the 
bone, e.g., the bieeps braehii when the elbow is fiexed), the 
more eapable it is of rapid and effeetive movement; this type 
of mnsele is a spurt muscle. The deltoid beeomes inereas- 
ingly effeetive as a spnrt mnsele after other mnseles have 
initiated abdnetion of the arm. 

NERVES AND ARTERIES TO MUSCLES 

Variation in the nerve snpply of mnseles is rare; it is a nearly 
eonstant relationship. In the limb, mnseles of similar aetions 
are generally eontained within a eommon faseial eompari- 
ment and share innervation by the same nerves (Fig. 1.9); 
therefore, yon shonld learn the innervation of limb mnseles 
in terms of the fnnetional gronps, making it neeessary to 
memorize only the exceptions. Nerves snpplying skeletal 
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muscles (motor nerves) usually enter the fleshy portion of 
the mnsele (vs. the tendon), almost always from the deep 
aspeet (so the nerve is proteeted by the mnsele it snpplies). 
The few exeeptions will be pointed out later in the text. When 
a nerve pierees a mnsele, by passing throngh its fleshy por- 
tion or between its two heads of attaehment, it usually sup- 
plies that musele. Exeeptions are the sensory branehes that 


innervate the skin of the baek after penetrating the snperfl- 
eial mnseles of the baek. 

The blood snpply of mnseles is not as eonstant as the nerve 
snpply and is usually multiple. Arteries generally snpply the 
structures they eontaet. Thus you should learn the eonrse of 
the arteries and dednee that a mnsele is snpplied by all the 
arteries in its vieinity. 


SKELETAL MUSCLES 


Muscle Dysfanetion and Paralysis 

From the elinieal perspeetive, it is important not 
only to think in terms of the aetion normally pro- 
duced by a given mnsele but also to eonsider what 
loss of fimetion would oceur if the musele failed to fimetion 
(paralysis). How would the dysfimetion of a given mnsele or 
mnsele group be manifest (i.e., what are the visible signs)? 




Absenee of Muscle Tone 

Althongh a gentle foree, mnsele tone ean have 
important effeets: the tonus of museles in the lips 
helps keep the teeth aligned, for instanee. When 
this gentle but eonstant pressnre is absent (due to paralysis 
or a short lip that leaves the teeth exposed), teeth migrate, 
beeoming everted (“buek teeth’' 

The absenee of mnsele tone in an unconseious patient 
e.g., under a general anesthetie) may allow joints to be dislo- 
eated as he or she is being lifted or positioned. When a mnsele 
is denervated (loses its nerve snpply), it beeomes paralyzed 
(flaeeid, laeking both its tonus and its ability to eontraet pha- 
sieally on demand or reflexively). In the absenee of a mnsele’s 
normal tonus, that of opposing (antagonist) musele(s) may 
eause a limb to assume an abnormal resting position. In addi- 
tion, the denervated mnsele will beeome flbrotie and lose its 
elastieity, also eontribnting to the abnormal position at rest. 



Muscle Soreness and “Pulled” 
Muscles 

Eeeentrie eontraetions that are either excessive or 
assoeiated with a novel task are often the eause of 
delayed-onset mnsele soreness. Thus walking down 
many flights of stairs would actually result in more soreness, 
owing to the eeeentrie eontraetions, than walking up the 
same flights of stairs. The musele stretehing that oeenrs dur- 
ing the lengthening type of eeeentrie eontraetion appears to 
be more likely to prodnee mierotears in the mnseles and/or 
periosteal irritation than that assoeiated with eoneentrie eon- 
traetion (shortening of the mnsele belly). 

Skeletal mnseles are limited in their ability to lengthen. 
Usually museles eannot elongate beyond one third of their 
resting length without sustaining damage. This is refleeted 


in their attaehments to the skeleton, which usually do not 
permit exeessive lengthening. An exeeption is the hamstring 
mnseles of the posterior thigh. When the knee is extended, 
the hamstrings typieally reaeh their maximum length before 
the hip is fnlly flexed (i.e., flexion at the hip is limited by the 
hamstring’s ability to elongate). Undoubtedly this, as well as 
forees related to their eeeentrie eontraetion, explains why 
hamstring mnseles are “pnlled” (snstain tears) more eom- 
monly than other mnseles (Fig. BI.7). 


Growth and Regeneratìon 
of Skeletal Mnsele 


Skeletal striated mnsele flbers eannot divide, but they 
ean be replaeed individnally by new mnsele flbers 
derived from satellite eells of skeletal muscle 
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(see skeletal muscle figure, Table 1.1). Satellite eells represent 
a potential sonree of myohlasts, preenrsors of mnsele eells, 
which are eapable of fiising with eaeh other to form new skel- 
etal mnsele fibers if required (Ross et al., 2011). The number of 
new fibers that ean be prodneed is insnffieient to eompensate 
for major mnsele degeneration or tranma. Instead of beeoming 
regenerated effeetively, the new skeletal mnsele is eomposed of 
a disorganized mixture of muscle fibers and fibrons sear tissne. 
Skeletal mnseles are able to grow larger in response to frequent 
strenuous exercise, such as body bmlding. This growth resnlts 
from hypertrophy of existing fihers, not from the addition of 
new mnsele fibers. Hypertrophy lengthens and inereases the 
myofihrils within the mnsele fibers (Fig. 1.21), thereby inereas- 
ing the amonnt of work the mnsele ean perform. 

Muscle Testing 

Mnsele testing helps examiners diagnose nerve 
injnries. There are two eommon testing methods: 

• The person performs movements that resist those of the 
examiner. For example, the person keeps the forearm 


fiexed while the examiner attempts to extend it. This 
technique enables the examiner to gauge the power of 
the person’s movements. 

• The examiner performs movements that resist those of 
the person. When testing fiexion of the forearm, the exam- 
iner asks the person to fiex his or her forearm while the 
examiner resists the efforts. Usually muscles are tested in 
bilateral pairs for eomparison. 

Eleetromyography (EMG), the eleetrieal stimnlation of 
mnseles, is another method for testing mnsele aetion. The 
examiner plaees snrfaee eleetrodes over a mnsele, asks the 
person to perform eertain movements, and then amplifies 
and reeords the differenees in eleetrieal aetion potentials 
of the mnseles. A normal resting mnsele shows only a base- 
line aetivity (mnsele tone), which disappears only dnring 
deep sleep, dnring paralysis, and when under anesthesia. 
Gontraeting mnseles demonstrate variable peaks of phasie 
aetivity. EMG makes it possible to analyze the aetivity of an 
individnal mnsele dnring different movements. EMG may 
also be part of the treatment program for restoring the aetion 
of mnseles. 



The Bottom Lìne 


SKELETAL MUSCLES 

Muscles are eategorized as skeletal striated, eardiae striated, 
or smooth. ♦ Skeletal muscles are further elassified aeeord- 
ing to their shape as flat, pennate, fusiform, quadrate, 
circular or sphineteral, and multiheaded or multi-bellied. 

♦ Skeletal muscle functions by eontraeting, enabling auto- 
matie (reflexive) movements, maintaining muscle tone (tonie 
eontraetion), and providing for phasie (aetive) eontraetion 
with (isotonie) or without (isometrie) ehange in muscle 
length. ♦ isotonie movements are either eoneentrie (pro- 
ducing movement by shortening) or eeeentrie (allowing 
movement by eontrolled relaxation). ♦ Prime movers are the 
muscles primarily responsible for particular movements. 

♦ Fixators “fix” a part of a limb while another part of the limb 
is moving. ♦ Synergists augmentthe aetion ofprime movers. 

♦ Antagonists oppose the aetions of another muscle. 


Gardiae Strìated Muscle 

Gardiae striated muscle forms the muscular wall of the 
heart, the myocardium. Some eardiae muscle is also present 
in the walls of the aorta, pnlmonary vein, and snperior vena 
eava. Gardiae striated mnsele eontraetions are not under vol- 
nntary eontrol. Heart rate is regnlated intrinsieally by a paee- 
maker, an impulse-conducting system eomposed of speeialized 
eardiae mnsele fibers; they, in turn, are infineneed by the auto- 
nomie nervons system (ANS) (disenssed later in this ehapter). 


Gardiae striated mnsele has a distinetly striped appearanee 
under mieroseopy (Table 1.1). Both types of striated mnsele— 
skeletal and eardiae—are fiirther eharaeterized by the imme- 
diaey, rapidity, and strength of their eontraetions. Note: Even 
thongh the trait applies to both skeletal and eardiae striated 
mnsele, in eommon usage the terms stnated and striped are 
used to designate volnntary skeletal striated mnsele. 

As demonstrated in Table 1.1, eardiae striated mnsele is dis- 
tinet from skeletal striated mnsele in its loeation, appearanee, 
type of aetivity, and means of stimnlation. To snpport its eon- 
tinuous level of high aetivity, the blood supply to eardiae stri- 
ated muscle is twice as rieh as that to skeletal striated muscle. 

Smooth Muscle 

Smooth muscle, named for the absenee of striations in the 
appearanee of the mnsele fibers under mieroseopy, forms a 
large part of the middle eoat or layer (tnniea media ) of the walls 
of blood vessels (above the eapillary level) (Fig. 1.23; Table 1.1). 
Gonsequently, it oeenrs in all vasenlarized tissne. It also makes 
up the muscular parts of the walls of the alimentary traet and 
ducts. Smooth muscle is found in skin, forming the arreetor 
mnseles of hairs assoeiated with hair follieles (Fig. 1.6), and 
in the eyeball, where it eontrols lens thiekness and pupil size. 

Like eardiae striated muscle, smooth muscle is involnn- 
tary mnsele; however, it is direetly innervated by the ANS. Its 
eontraetion ean also be initiated by hormonal stimnlation or 
by loeal stimnli, such as stretehing. Smooth mnsele responds 
more slowly than striated mnsele and with a delayed and 
more leisnrely eontraetion. It ean nndergo partial eontraetion 
for long periods and has a much greater ability than striated 
mnsele to elongate without suffering paralyzing injnry. Both 
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of these faetors are important in regnlating the size of sphine- 
ters and the ealiber of the Inmina (interior spaees) of tubu- 
lar structures (e.g., blood vessels or intestines). In the walls 
of the alimentary traet, nterine tubes, and nreters, smooth 
muscle eells are responsible for peristalsis, rhythmie eontrae- 
tions that propel the eontents along these tubular structures. 


CARDIOVASCULAR SYSTEM 

■ — 

The circulatory system transports fluids throughout the 
body; it eonsists of the eardiovasenlar and lymphatie systems. 
The heart and blood vessels make up the blood transporta- 
tion network, the eardiovasenlar system. Throngh this sys- 
tem, the heart pumps blood through the body s vast system of 
blood vessels. The blood earries nutrients, oxygen, and waste 
prodnets to and from the eells. 


CARDIAC AND SMOOTH MUSCLE Vascular Circuits 



Hypertrophy of the Myocardìum 
and Myoeardial infaretìon 

In eompensatory hypertrophy, the myoeardinm 
responds to inereased demands by inereasing the 
size of its flbers. When eardiae striated muscle 
flbers are damaged by loss of their blood supply during a 
heart attaek, the tissue beeomes neerotie (dies) and the 
flbrons sear tissue that develops forms a myoeardial infaret 
(MI), an area of myoeardial neerosis (pathologieal death of 
eardiae tissue). Muscle eells that degenerate are not 
replaeed, beeanse eardiae muscle eells do not divide. 
Fnrthermore, there is no equivalent to the satellite eells of 
skeletal muscle that ean prodnee new eardiae muscle flbers. 


Hypertrophy and Hyperplasia 
of Smooth Muscle 

Smooth muscle eells undergo eompensatory 
hypertrophy in response to inereased demands. 
Smooth muscle eells in the nterine wall during 
pregnaney inerease not only in size but also in number 
{hyperplasia) because these eells retain the eapaeity for eell 
division. In addition, new smooth muscle eells ean develop 
from ineompletely differentiated eells (peneytes) that are 
loeated along small blood vessels (Ross et al., 2011). 



The Bottom Lìne 


GARDIAG AND SMOOTH MUSCLE 

Gardiae muscle is a striated muscle type found in the walls 
of the heart, or myocardium, as well as in some major 
blood vessels. ♦ Gontraetion of eardiae muscle is not under 
voluntary eontrol but is instead aetivated by speeialized 
eardiae muscle fibers forming the paeemaker, the aetivity of 
which is regulated by the autonomic nervous system (ANS). 
♦ Smooth muscle does not have striations. It occurs in all 
vascular tissues and in the walls of the alimentary traet and 
other organs. ♦ Smooth muscle is direetly innervated by the 
ANS and thus is not under voluntary eontrol. 


The heart eonsists of two muscular pumps that, although 
adjaeently loeated, aet in series, dividing the eirenlation into 
two eomponents: the pnlmonary and systemie eirenlations 
or eirenits (Fig. I.22A & B). The right ventriele propels 
low-oxygen blood retnrning from the systemie eirenlation 
into the lungs via the pnlmonary arteries. Garbon dioxide 
is exchanged for oxygen in the eapillaries of the lungs, and 
then the oxygen-rich blood is retnrned via the pnlmonary 
veins to the heart s left atrinm. This eirenit, from the right 
ventriele throngh the lungs to the left atrinm, is the pul- 
monary eirenlation. The left ventriele propels the oxy- 
gen-rieh blood retnrned to the heart from the pnlmonary 
eirenlation throngh systemie arteries (the aorta and its 
branehes), exchanging oxygen and nntrients for earbon 
dioxide in the remainder of the body’s eapillaries. 
Low-oxygen blood retnrns to the heart s right atrinm via sys- 
temie veins (tribntaries of the snperior and inferior vena 
eavae). This eirenit, from left ventriele to right atrinm, is the 
systemie eirenlation. 

The systemie eirenlation aetnally eonsists of many parallel 
eirenits serving the varions regions and/or organ systems of 

the body (Fig. I.22C). 

Blood Vessels 

There are three types of blood vessels: arteries, veins, and 
eapillaries (Fig. 1.23). Blood under high pressnre leaves the 
heart and is distribnted to the body by a branehing system 
of thick-walled arteries. The flnal distribnting vessels, arteri- 
oles, deliver oxygen-rich blood to eapillaries. Capillaries form 
a eapillary hed, where the interehange of oxygen, nntrients, 
waste prodnets, and other snbstanees with the extracellular 
fluid occurs. Blood from the eapillary bed passes into thin- 
walled vennles, which resemble wide eapillaries. Vennles 
drain into small veins that open into larger veins. The larg- 
est veins, the snperior and inferior venae eavae, retnrn low- 
oxygen blood to the heart. 

Most vessels of the eirenlatory system have three eoats, 
or tnnies: 

• Tunica intima, an inner lining eonsisting of a single layer 
of extremely flattened epithelial eells, the endothelium, 
snpported by delieate eonneetive tissne. Capillaries eon- 
sist only of this tunic, with blood eapillaries also having a 
snpporting basement membrane. 
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FIGITRE 1.22. The cìrculatìon. A. Sehematie illustration ofthe anatomie arrangement ofthe two muscular pumps (right and left heart) servingthe pul- 
monary and systemie circulations. B. Sehematie illustration of the body’s circulation, with the right and left heart depieted as two pumps in series. The pul- 
monary and systemie circulations are actually serial eomponents of one continuous loop. C. A more detailed sehematie illustration demonstrating that the 
systemie circulation actually eonsists of many parallel circuits serving the various organs and regions of the body. 


• Tunica media, a middle layer eonsisting primarily of 
smooth mnsele. 

• Tnniea adventitia, an onter eonneetive tissne layer or 
sheath. 

The tnniea media is the most variable eoat. Arteries, veins, 
and lymphatie dnets are distingnished by the thiekness of this 
layer relative to the size of the Inmen, its organization, and. 


in the ease of arteries, the presenee of variable amonnts of 
elastie fibers. 

ARTERIES 

Arteries are blood vessels that earry blood nnder relatively 
high pressnre (eompared to the eorresponding veins) from 
the heart and distribnte it to the body (Fig. I.24A). The blood 
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FIGIJRE 1.23. Blood vessel structure. The vvalls of most blood vessels have three eoneentrie layers oftissue, ealled tunics (L. tunicae, eoats). With less 
muscle, veins are thinner v\/alled than their eompanion arteries and have vvide lumens (L. laminae) that usually appear fìattened in tissue seetions. 


passes through arteries of deereasing ealiber. The different 
types of arteries are distingnished from eaeh other on the 
basis of overall size, relative amounts of elastie tissne or mus- 
ele in the tnniea media (Fig. 1.23), the thiekness of the wall 
relative to the lumen, and fnnetion. Artery size and type is a 
eontinuum—that is, there is a gradual ehange in morphologi- 
eal eharaeteristies from one type to another. There are three 
types of arteries: 

• Large elastie arteries (eondneting arteries) have many 
elastie layers (sheets of elastie fìbers) in their walls. These 
large arteries initially reeeive the eardiae output. Their 
elastieity enables them to expand when they reeeive the 
eardiae output from the ventrieles, minimizing the pres- 
sure ehange, and retnrn to normal size between ventrien- 
lar eontraetions, as they eontinne to push the blood into 
the medium arteries downstream. This maintains the 
blood pressnre in the arterial system between eardiae 
eontraetions (at a time when ventrienlar pressnre falls to 
zero). Overall, this minimizes the ebb in blood pressnre as 
the heart eontraets and relaxes. Examples of large elastie 
arteries are the aorta, the arteries that originate from the 
areh of the aorta (braehioeephalie trunk, snbelavian and 
earotid arteries), and the pnlmonary trunk and arteries 

(Fig. I.24A). 

• Medium muscular arteries (distribnting arteries) have 
walls that eonsist ehiefìy of eirenlarly disposed smooth 
mnsele fìbers. Their ability to deerease their diameter 
(vasoeonstriet) regnlates the fìow of blood to different 
parts of the body as required by eircumstanee (e.g., aetiv- 
ity, thermoregnlation). Pnlsatile eontraetions of their 
muscular walls (regardless of lumen ealiber) temporar- 
ily and rhythmieally eonstriet their Inmina in progressive 


sequence, propelling and distribnting blood to varions 
parts of the body. Most of the named arteries, inelnding 
those observed in the body wall and limbs dnring dissee- 
tion such as the braehial or femoral arteries, are medium 
muscular arteries. 

• Small arteries and arterioles have relatively narrow 
Inmina and thiek muscular walls. The degree of fìlling 
of the eapillary beds and level of arterial pressnre within 
the vasenlar system are regnlated mainly by the degree 
of tonus (fìrmness) in the smooth mnsele of the arte- 
riolar walls. If the tonus is above normal, hypertension 
(high blood pressnre) resnlts. Small arteries are usually 
not named or speeifìeally identifìed dnring disseetion, and 
arterioles ean be observed only under magnifìeation. 

Anastomoses (eommnnieations) between mnltiple branehes 
of an artery provide numerous potential detonrs for blood 
fìow in ease the usual pathway is obstructed by eompression 
due to the position of a joint, pathology, or snrgieal ligation. 
If a main ehannel is oeelnded, the smaller alternate ehannels 
ean usually inerease in size over a period of time, providing 
a eollateral circulation that ensnres the blood snpply to 
structures distal to the bloekage. However, eollateral path- 
ways require time to open adequately; they are usually insuf- 
fìeient to eompensate for sndden oeelnsion or ligation. 

There are areas, however, where eollateral eirenlation 
does not exist, or is inadequate to replaee the main ehannel. 
Arteries that do not anastomose with adjaeent arteries are 
true (anatomie) terminal arteries (end arteries). Oeelnsion 
of an end artery interrnpts the blood snpply to the structure 
or segment of an organ it snpplies. True terminal arteries 
snpply the retina, for example, where oeelnsion will resnlt 
in blindness. While not true terminal arteries, fnnetional 
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FIGIJRE 1.24. Systemie portion of the cardiovascular system. The arteries and veins shovvn here earry oxygen-rich blood from the heart to the systemie 
eapillary beds and return low-oxygen blood from the eapillary beds to the heart, respeetively, constituting the systemie circulation. Although eommonly 
depieted and eonsidered as single vessels, as shown here, the deep veins of the limbs usually occur as pairs of aeeompanying veins. 


terminal arteries (arteries with ineffeetual anastomoses) snp- 
ply segments of the brain, liver, kidneys, spleen, and intes- 
tines; they may also exist in the heart. 

VEINS 

Veins generally retnrn low-oxygen blood from the eapillary 
beds to the heart, whieh gives the veins a dark blne appear- 
anee (Fig. I.24B). The large pnlmonary veins are atypieal in 


that they earry oxygen-rich blood from the Inngs to the heart. 
Beeanse of the lower blood pressnre in the venons system, 
the walls (speeifìeally, the tnniea media) of veins are thinner 
than those of their eompanion arteries (Fig. 1.23). Normally, 
veins do not pnlsate and do not squirt or spnrt blood when 
severed. There are three sizes of veins: 

• Venules are the smallest veins. Vennles drain eapil- 
lary beds and join similar vessels to form small veins. 
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Magnifieation is required to observe vennles. Small 
veins are the tribntaries of larger veins that nnite to form 
venous plexuses, sneh as the dorsal venons areh of the 
foot (Fig. I.24B). Small veins are nnnamed. 

• Medium veins drain venons plexuses and aeeompany 
medinm arteries. In the limbs, and in some other loeations 
where the flow of blood is opposed by the pnll of gravity, the 
medinm veins have venons valves, passive flap valves that 
permit blood to flow toward the heart bnt not in the reverse 
direetion (Fig. 1-26). Examples of medinm veins inelnde 
the named snperfleial veins (eephalie and basilie veins of 
the npper limbs and great and small saphenons veins of the 
lower limbs) and the aeeompanying veins that are named 
aeeording to the artery they aeeompany (Fig. I-24B). 

• Large veins are eharaeterized by wide bnndles of lon- 
gitndinal smooth mnsele and a well-developed tnniea 
adventitia. An example is the snperior vena eava. 

Veins are more abnndant than arteries. Althongh their walls 
are thinner, their diameters are nsnally larger than those of 
the eorresponding artery. The thin walls allow veins to have 
a large eapaeity for expansion, and do so when blood retnrn 
to the heart is impeded by eompression or internal pressnres 
(e.g., after taking a large breath and holding it; this is the 
Valsalva manenver ). 

Sinee the arteries and veins make up a eirenit, it might be 
expected that half the blood volnme would be in the arteries 
and half in the veins. Beeanse of the veins’ larger diameter 
and ability to expand, typieally only 20% of the blood oeen- 
pies arteries, whereas 80% is in the veins. 

Althongh often depieted as single vessels in illnstrations 
for simplieity, veins tend to be donble or mnltiple. Those 
that aeeompany deep arteries— aeeompanying veins 
(L. venae eomitantes) —snrronnd them in an irregnlar braneh- 
ing network (Fig. 1.25). This arrangement serves as a eoun- 
terenrrent heat exehanger, the warm arterial blood warming 
the eooler venons blood as it retnrns to the heart from a eold 
limb. The aeeompanying veins oeenpy a relatively nnyielding 
faseial vasenlar sheath with the artery they aeeompany. As a 



Aeeompanying veins 
(L venae eomitantes) 


Artery 


Vascular 

sheath 


FIGIJRE 1.25. Aeeompanying veins. Although most veins ofthe tmnk 
occur as large single vessels, veins in the limbs occur as two or more smaller 
vessels that aeeompany an artery in a eommon vascular sheath. 
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FIGIJRE 1.26. Musculovenous pump. Muscular eontraetions in the 
limbs fijnetion with the venous valves to move blood toward the heart. 

The outward expansion of the bellies of eontraeting muscles is limited by 
deep faseia and beeomes a eompressive foree, propelling the blood against 
gravity. 


resnlt, they are stretehed and flattened as the artery expands 
dnring eontraetion of the heart, which aids in driving venons 
blood toward the heart—an arteriovenons pump. 

Systemie veins are more variable than arteries, and venous 
anastomoses —natnral eommnnieations, direet or indireet, 
between two veins—oeenr more often between them. The 
outward expansion of the bellies of eontraeting skeletal 
mnseles in the limbs, limited by the deep faseia, eompresses 
the veins, “milking” the blood snperiorly toward the heart; 
another (mnsenlovenons) type of venons pnmp (Fig. 1.26). 
The valves of the veins break up the eolnmns of blood, thns 
relieving the more dependent parts of excessive pressnre, 
allowing venons blood to flow only toward the heart. The 
venons eongestion that hot and tired feet experience at the 
end of a bnsy day is relieved by resting the feet on a footstool 
that is higher than the trnnk (of the body). This position of 
the feet also helps the veins retnrn blood to the heart. 

BLOOD GAPILLARIES 

For the oxygen and nntrients earried by the arteries to 
beneflt the eells that make up the tissnes of the body, they 
mnst leave the transporting vessels and enter the extravas- 
eular spaee between the eells, the extracellular (intereel- 
Inlar) spaee in which the eells live. Gapillaries are simple 
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endothelial tnbes eonneeting the arterial and venons sides 
of the eirenlation that allow the exehange of materials with 
the interstitial or extracellular fluìd (ECF). Gapillaries are 
generally arranged in eapillary beds, networks that eonneet 
the arterioles and vennles (Fig. 1.23). The blood enters the 
eapillary beds throngh arterioles that eontrol the flow and is 
drained from them by vennles. 

As the hydrostatie pressnre in the arterioles forees blood 
into and throngh the eapillary bed, it also forees flnid eon- 
taining oxygen, nntrients, and other eellnlar materials ont of 
the blood at the arterial end of the eapillary bed (npstream) 
into the extracellular spaees, allowing exchange with eells of 
the snrronnding tissne. Gapillary walls are relatively imper- 
meable, however, to plasma proteins. Downstream, at the 
venons end of the eapillary bed, most of this ECF—now eon- 
taining waste prodnets and earbon dioxide—is reabsorbed 
into the blood as a resnlt of the osmotie pressnre from the 
higher eoneentrations of proteins within the eapillary. 


(Althongh flrmly established, this prineiple is referred to as 
the Starling hypothesis .) 

In some regions, sneh as in the flngers, there are direet 
eonneetions between the small arterioles and vennles prox- 
imal to the eapillary beds they snpply and drain. The sites 
of sneh eommnnieations— arteriolovenular (arteriove- 
nons) anastomoses (AVAs)—permit blood to pass direetly 
from the arterial to the venons side of the eirenlation with- 
ont passing throngh eapillaries. AV shnnts are nnmerons in 
the skin, where they have an important role in eonserving 
body heat. 

In some sitnations, blood passes throngh two eapillary 
beds before retnrning to the heart; a venons system linking 
two eapillary beds eonstitntes a portal venons system. The 
venons system by which nntrient-rieh blood passes from the 
eapillary beds of the alimentary traet to the eapillary beds 
or sinnsoids of the liver—the hepatie portal system —is the 
major example (Fig. I.22C). 


CARDIOVASCULAR SYSTEM 


Arterioselerosis: isehemia 
and infaretion 



The most eommon acquired disease of arteries— 
and a eommon flnding in eadaver disseetion—is 
arterioselerosis (hardening of the arteries), a gronp 
of diseases eharaeterized by thiekening and loss of elastieity 
of the arterial walls. A eommon form, atheroselerosis, is asso- 
eiated with the bnildnp of fat (mainly eholesterol) in the arte- 
rial walls. A ealeinm deposit forms an atheromatons plaque 
(atheroma) —well-demarcated, hardened yellow areas or 
swellings on the intimal snrfaees of arteries (Fig. BI.8A). The 
consequent arterial narrowing and snrfaee irregnlarity may 
resnlt in thromhosis (formation of a loeal intravasenlar elot, 
or thromhns), which may oeelnde the artery or be flnshed 
into the bloodstream and bloek smaller vessels distally as an 
emholns (a plng oeelnding a vessel) (Fig. BI.8B). The eonse- 
quences of atheroselerosis inelnde isehemia (rednetion of 


Plaque 




blood snpply to an organ or region) and infaretion (loeal 
death, or neerosis, of an area of tissne or an organ resnlting 
from redneed blood snpply). These consequences are par- 
tienlarly signifleant in regard to the heart {isehemie heart dis- 
ease and myoeardial infaretion [MI] or heart attaek), brain 
(stroke), and distal parts of limbs (gangrene). 


Varieose Veìns 



When the walls of veins lose their elastieity, they 
beeome weak. A weakened vein dilates nnder the 
pressnre of snpporting a eolnmn of blood against 
gravity. This resnlts in varieose veins —abnormally swollen, 
twisted veins—most often seen in the legs (Fig. BI.9). 
Varieose veins have a ealiber greater than normal, and their 
valve ensps do not meet or have been destroyed by 



FIGURE BI.8. 


FIGURE BI.9. 
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inflammation. Varieose veins have ineompetent valves; thns 
the eolnmn of blood aseending toward the heart is nnbroken, 
plaeing inereased pressnre on the weakened walls, fnrther 
exaeerbating the varieosity problem. Varieose veins also 


oeenr in the presenee of degenerated deep faseia. 
ineompetent faseìa is ineapable of eontaining the expansion 
of eontraeting mnseles; thns the (mnsenlofaseial) mnsenlove- 
nons pnmp is ineffeetive. 


The Bottom Lìne 


CARDIOVASCULAR SYSTEM 

The cardiovascular system eonsists of the heart and blood 
vessels—the arteries, veins, and eapillaries. ♦ Arteries and 
veins (and lymphaties) have three eoats or tunics—tunica 
intima, tunica media, and tunica adventitia. ♦ Arteries 
have both elastie and muscle fibers in their walls, which 
allow them to propel blood throughout the cardiovascular 
system. ♦ Veins have thinner walls than arteries and are 
distinguished by valves, which prevent backflow ofblood. 

♦ As simple endothelial tubes, eapillaries are the smallest 
blood vessels and provide the linkage between the smallest 
arteries (arterioles) and veins (venules). 


LYMPHOID SYSTEM 

Although widely distributed throughout most of the body, 
most of the lymphoid (lymphatie) system is not apparent 
in the eadaver, yet it is essential to snrvival. Knowledge of 
the anatomy of the lymphoid system is important for elini- 
eians. The Starling hypothesis (see “Blood Gapillaries,” 
p. 41) explains how most of the fluid and eleetrolytes enter- 
ing the extracellular spaees from the blood eapillaries is also 
reabsorbed by them. However, as much as 3 L eaeh day fails 
to be reabsorbed by the blood eapillaries. Furthermore, 
some plasma protein leaks into the extracellular spaees, and 
material originating from the tissne eells that eannot pass 
throngh the walls of blood eapillaries, such as eytoplasm from 
disintegrating eells, eontinnally enters the spaee in which the 
eells live. If this material were to accumulate in the extracel- 
lular spaees, a reverse osmosis would occur, bringing even 
more fluid and resnlting in edema (an excess of interstitial 
fluid, manifest as swelling). However, the amonnt of inter- 
stitial fluid remains fairly eonstant under normal eonditions, 
and proteins and eellnlar debris normally do not accumulate 
in the extracellular spaees because of the lymphoid system. 

The lymphoid system thus constitutes a sort of “over- 
flow” system that provides for the drainage of surplus tissue 
fluid and leaked plasma proteins to the bloodstream, as well 
as for the removal of debris from eellnlar deeomposition and 
infeetion. The important eomponents of the lymphoid sys- 
tem are (Fig. 1.27): 

• Lymphatie plexuses, networks of lymphatie eapillaries 
that originate blindly in the extracellular (intercellular) 


spaees of most tissues. Because they are formed of a 
highly attenuated endothelium laeking a basement mem- 
brane, along with surplus tissue fluid, plasma proteins, 
baeteria, eellnlar debris, and even whole eells (espeeially 
lymphoeytes) ean readily enter them. 

• Lymphatie vessels (lymphaties), a nearly bodywide net- 
work of thin-walled vessels that have abnndant lymphatie 
valves. In living individnals, the vessels bulge where eaeh 
of the elosely spaeed valves occur, giving lymphaties a 
beaded appearanee. Lymphatie eapillaries and vessels 
occur almost everywhere blood eapillaries are found, 
except for example, teeth, bone, bone marrow, and the 
entire eentral nervons system. (Excess tissne fluid here 
drains into the eerebrospinal fluid.) 

• Lymph (L. lympha, elear water), the tissue fluid that 
enters lymph eapillaries and is eonveyed by lymphatie 
vessels. Usually elear, watery, and slightly yellow, lymph 
is similar in eomposition to blood plasma. 

• Lymph nodes, small masses of lymphatie tissne loeated 
along the eonrse of lymphatie vessels throngh which lymph 
is flltered on its way to the venons system (Fig. L27B). 

• Lymphoeytes, eirenlating eells of the immnne system 
that reaet against foreign materials. 

• Lymphoid organs, parts of the body that prodnee lym- 
phoeytes, such as the thymus, red bone marrow, spleen, 
tonsils, and the solitary and aggregated lymphoid nodnles 
in the walls of the alimentary traet and appendix. 

Snperfieial lymphatie vessels, more numerous than veins 
in the subcutaneous tissue and anastomosing freely, eonverge 
toward and follow the venons drainage. These vessels eventn- 
ally drain into deep lymphatie vessels that aeeompany the 
arteries and also reeeive the drainage of internal organs. It is 
likely that the deep lymphatie vessels are also eompressed by 
the arteries they aeeompany, milking the lymph along these 
valved vessels in the same manner deseribed earlier for aeeom- 
panying veins. Both snperfleial and deep lymphatie vessels 
traverse lymph nodes (usually several sets) as they course prox- 
imally, beeoming larger as they merge with vessels draining 
adjaeent regions. Large lymphatie vessels enter large eolleet- 
ing vessels, ealled lymphatie trnnks, which unite to form either 
the right lymphatie duct or the thoraeie duct (Fig. L27A): 

• The right lymphatie duct drains lymph from the body’s 
right upper quadrant (right side of head, neek, and tho- 
rax plus the right upper limb). At the root of the neek, it 
enters the jnnetion of the right internal jugular and right 
snbelavian veins, the right venous angle. 

• The thoraeie duct drains lymph from the remainder of 
the body. The lymphatie tranks draining the lower half 
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FIGIJRE 1.27. Lymphoid system. A. Pattern of lymphatie drainage. Except for the right superior quadrant ofthe body (pink), lymph ultimately drains into the left 
venous angle via the thoraeie duct. The right superior quadrant drains to the right venous angle, usually via a right lymphatie duct. Lymph typieally passes through 
several sets of lymph nodes, in a generally predietable order, before it enters the venous system. B. Sehematie illustration of lymph fìovv from extracellular spaees 
through a lymph node. Small blackarrows indieate the fìow (leaking) of interstitial fìuid out of blood eapillaries and (absorption) into the lymphatie eapillaries. 
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of the body merge in the abdomen, sometimes forming a 
dilated eolleeting sae, the eisterna ehyli. From this sae (if 
present), or from the merger of the trnnks, the thoraeie 
dnet aseends into and then throngh the thorax to enter the 
left venous angle (jnnetion of left internal jngnlar and 
left snbelavian veins). 

Althongh this is the typieal drainage pattern of most lymph, 
lymphatie vessels eommnnieate with veins freely in many parts 
of the body. Consequently, ligation of a lymphatie tmnk or even 
the thoraeie dnet itself may have only a transient effeet as a 
new pattern of drainage is established throngh more peripheral 
lymphatieovenons—and later interlymphatie—anastomoses. 


Additional fnnetions of the lymphoid system inelnde: 

• Ahsorptìon and transport of dietaryfat. Speeial lymphatie 
eapillaries, ealled laeteals (L. laetens, milk), reeeive all 
lipid and lipid-solnble vitamins absorbed by the intestine. 
Viseeral lymphaties then eonvey the milky flnid, ehyle 
(G. ehylos, jniee), to the thoraeie dnet and into the venons 
system. 

• Formation of a defense meehanism for the hody. When 
foreign protein drains from an infeeted area, antibodies 
speeifle to the protein are prodneed by immnnologieally 
eompetent eells and/or lymphoeytes and dispatehed to the 
infeeted area. 


LYMPHOID SYSTEM 
Spread of Ganeer 


1. Direet seeding of serons membranes of body eavities. 

2. Lymphogenons spread (via lymphatie vessels). 

3. Hematogenons spread (via blood vessels). 

It is snrprising that often even a thin faseial sheet or serons 
membrane defleets tnmor invasion. However, onee a malig- 
naney penetrates into a potential spaee, the direet seeding of 
eavities—that is, of its serons membranes—is likely. 

Lymphogenons spread of eaneer is the most eommon 
ronte for the initial dissemination of eareinomas (epithelial 
tnmors), the most eommon type of eaneer. Gells loosened 
from the primary eaneer site enter and travel via lymphat- 
ies. The lymph-borne eells are flltered throngh and trapped 
by lymph nodes, which thns beeome seeondary (metastatie) 
eaneer sites. 

The pattern of eaneerons lymph node involvement fol- 
lows the natnral rontes of lymph drainage. Thns when 
removing a potentially metastatie tnmor, snrgeons stage 
the metastasis (determine the degree to which eaneer 
has spread) by removing and examining lymph nodes that 
reeeive lymph from the organ or region in the order the 
lymph normally passes throngh them. Therefore, it is 
important for physieians to literally know the lymphatie 
drainage “backward and forward”—that is, (1) to know 
what nodes are likely to be affeeted when a tnmor is iden- 
tifled in a eertain site or organ (and the order in which 
they reeeive lymph) and (2) to be able to determine likely 
sites of primary eaneer sites (sonrees of metastasis) when 
an enlarged node is deteeted. Caneerous nodes enlarge as 


the tnmor eells within them inerease; however, nnlike swol- 
len infeeted nodes, eaneerons nodes are not nsnally painfnl 
when eompressed. 

Hematogenons spread of eaneer is the most eommon 
ronte for the metastasis of the less eommon (bnt more 
malignant) sareomas (eonneetive tissne eaneers). Beeanse 
veins are more abnndant and have thinner walls that offer 
less resistanee, metastasis oeenrs more often by venons 
than arterial rontes. Sinee the blood-borne eells follow 
venons flow, the liver and Inngs are the most eommon 
sites of seeondary sareomas. Typieally, the treatment or 
removal of a primary tnmor is not difflenlt, bnt the treat- 
ment or removal of all the affeeted lymph nodes or other 
seeondary (metastatie) tnmors may be impossible (Gotran 

et al., 1999). 

Lymphangitis, Lymphadenitis, 
and Lymphedema 

Lymphangitis and lymphadenitis are seeondary 
inflammations of lymphatie vessels and lymph 
nodes, respeetively. These eonditions may oeenr 
when the lymphoid system is involved in ehemieal or baete- 
rial transport after severe injnry or infeetion. The lymphatie 
vessels, not normally evident, may beeome apparent as red 
streaks in the skin, and the nodes beeome painfnlly enlarged. 
This eondition is potentially dangerons beeanse the nneon- 
tained infeetion may lead to septieemia (blood poisoning). 
Lymphedema, a loealized type of edema, oeenrs when lymph 
does not drain from an area of the body. For instanee, if ean- 
eerons lymph nodes are snrgieally removed from the axilla 
(eompartment snperior to the armpit), lymphedema of the 
limb may oeenr. Solid eell growths may permeate lymphatie 
vessels and form minnte eellnlar emholi (plngs), which may 
break free and pass to regional lymph nodes. In this way, 
fnrther lymphogenons spread to other tissnes and organs 
may oeenr. 



Ganeer invades the body by eontignity (growing 
into adjaeent tissne) or by metastasis (the dis- 
semination of tnmor eells to sites distant from 
the original or primary tnmor). Metastasis oeenrs three 
ways: 
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The Bottom Lìne 


LYMPHOID SYSTEM 

The lymphoid system drains surplus fluid from the extra- 
cellular spaees to the bloodstream. ♦ The lymphoid sys- 
tem also constitutes a major part of the body’s defense 
system. ♦ Important eomponents of the lymphoid sys- 
tem are networks of lymphatie eapillaries, the lymphatie 
plexuses; lymphatie vessels; lymph; lymph nodes; lympho- 
eytes; and the lymphoid organs. ♦ The lymphoid system 
provides a (relatively) predietable route for the spread of 
eertain types of cancerous eells throughout the body. ♦ 
Inflammation of lymphatie vessels and/or enlargement of 
lymph nodes is an important indieator of possible injury, 
infeetion, ordisease (e.g., eaneer). 


NERVOUS SYSTEM 


The nervous system enables the body to reaet to eontinn- 
ons ehanges in its internal and external environments. It also 
eontrols and integrates the varions aetivities of the body, sneh 
as eirenlation and respiration. For deseriptive pnrposes, the 
nervons system is divided: 

• Strnetnrally into the eentral nervons system (CNS), eon- 
sisting of the brain and spinal eord, and the peripheral 
nervons system (PNS), the remainder of the nervons sys- 
tem ontside of the CNS. 

• Fnnetionally into the somatie nervons system (S N S) and 
the antonomie nervons system (ANS). 

Nervons tissne eonsists of two main eell types: nenrons {nerve 
eells) and nenroglia {glial eells), which snpport the nenrons. 

• Nearons are the strnetnral and fnnetional nnits of the 
nervons system speeialized for rapid eommnnieation 
(Figs. 1.28 and 1.29). A nenron is eomposed of a eell 
body with proeesses (extensions) ealled dendrites and 
an axon, which earry impnlses to and away from the eell 
body, respeetively. Myelin, layers of lipid, and protein snb- 
stanees form a myelin sheath aronnd some axons, greatly 
inereasing the veloeity of impnlse eondnetion. Two types 
of nenrons eonstitnte the majority of nenrons eomprising 
the nervons system (and the peripheral nervons system in 
partienlar) (Fig. 1.28): 

1. Mnltipolar motor nenrons have two or more den- 
drites and a single axon that may have one or more 
eollateral branehes. They are the most eommon type 
of nenron in the nervons system (CNS and PNS). All 
of the motor nenrons that eontrol skeletal mnsele and 
those eomprising the ANS are mnltipolar nenrons. 

2. Psendonnipolar sensory nenrons have a short, 
apparently single (bnt aetnally donble) proeess 


extending from the eell body. This eommon pro- 
eess separates into a peripheral proeess, eondneting 
impnlses from the reeeptor organ (toneh, pain, or tem- 
peratnre sensors in the skin, for example) toward the 
eell body, and a eentral proeess that eontinnes from the 
eell body into the CNS. The eell bodies of psendonni- 
polar nenrons are loeated ontside the CNS in sensory 
ganglia and are thns part of the PNS. 

Nenrons eommnnieate with eaeh other at synapses, 
points of eontaet between nenrons (Fig. 1.29). The eom- 
mnnieation oeenrs by means of nenrotransmitters, ehemi- 
eal agents released or seereted by one nenron, which may 
excite or inhibit another nenron, eontinning or terminat- 
ing the relay of impnlses or the response to them. 

• Nenroglia (glial eells or glia), approximately five times 
as abnndant as nenrons, are non-nenronal, non-excitable 
eells that form a major eomponent of nervons tissne, 
snpporting, insnlating, and nonrishing the nenrons. In 
the CNS, nenroglia inelnde oligodendroglia, astroeytes, 
ependymal eells, and mieroglia (small glial eells). In the 
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FIGIJRE 1.28. Neurons. The most eommon types of neurons are shovvn. 
A. Multipolar motor neurons. All of the motor neurons that eontrol skeletal 
muscle and those eomprising the ANS are multipolar neurons. B. Except for 
some ofthe speeial senses (for example, olfaetion and vision), all sensory 
neurons of the PNS are pseudounipolar neurons vvith eell bodies loeated in 
sensory ganglia. 
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FIGIJRE 1.29. Multìpolar motor neurons synapsìng. A neuron influ- 
enees other neurons at synapses. Inset: Detailed structure of an axodendritic 
synapse. Neurotransmitters diffuse aeross the synaptie eleft betvveen the 
two eells and beeome bound to reeeptors. 


PNS, neuroglia inelnde satellite eells aronnd the nenrons 
in the spinal (posterior root) and antonomie ganglia and 
Schwann {nenrolemma) eells (Figs. 1.28 and 1.29). 


Gentral Nervons System 

The eentral nervons system (CNS) eonsists of the brain 
and spinal eord (Fig. 1.30). The prineipal roles of the CNS 
are to integrate and eoordinate ineoming and ontgoing nen- 
ral signals and to earry ont higher mental fnnetions, sneh as 
thinking and learning. 

A nnelens is a eolleetion of nerve eell bodies in the 
CNS. A bnndle of nerve fìbers (axons) within the CNS 
eonneeting neighboring or distant nnelei of the eerebral 
cortex is a traet. The brain and spinal eord are eomposed 
of gray matter and white matter. The nerve eell bodies lie 
within and eonstitnte the gray matter; the intereonneet- 
ing fìber traet systems form the white matter (Fig. 1.31). 
In transverse seetions of the spinal eord, the gray matter 
appears ronghly as an H-shaped area embedded in a matrix 
of white matter. The strnts (snpports) of the H are horns; 
henee there are right and left posterior (dorsal) and ante- 
rior (ventral) gray horns. 

Three membranons layers—pia mater, araehnoid mater, 
and dnra mater—eolleetively eonstitnte the meninges. The 
meninges and the eerehrospinal flnid (CSF) snrronnd and 
proteet the CNS. The brain and spinal eord are intimately 


eovered on their onter snrfaee by the innermost meningeal 
layer, a delieate, transparent eovering, the pia mater. The 
eSF is loeated between the pia mater and the araehnoid 
mater. External to the pia mater and araehnoid mater is the 
thiek, tongh dnra mater. The dura mater of the hrain is 
intimately related to the internal aspeet of the bone of the 
snrronnding neurocranium (brainease); the dura mater of 
the spinal eord is separated from the snrronnding bone of the 
vertebral eolnmn by a fat-fìlled epidnral spaee. 


Peripheral Nervous System 

The peripheral nervons system (PNS) eonsists of nerve 
fìbers and eell bodies ontside the CNS that eondnet impnlses 
to or away from the CNS (Fig. 1.30). The PNS is organized 
into nerves that eonneet the CNS with peripheral strnetnres. 

A nerve fiher eonsists of an axon, its nenrolemma 
(G. neuron, nerve -f G. lemma, hnsk), and snrronnding endo- 
nenrial eonneetive tissne (Figs. 1.32). The nenrolemma 
eonsists of the eell membranes of Schwann eells that imme- 
diately snrronnd the axon, separating it from other axons. In 
the PNS, the nenrolemma may take two forms, ereating two 
elasses of nerve fìbers: 

1. The nenrolemma of myelinated nerve fìbers eonsists of 
Schwann eells speeifìe to an individnal axon, organized 
into a eontinnons series of enwrapping eells that form 
myelin. 

2. The nenrolemma of nnmyelinated nerve fìbers is eom- 
posed of Schwann eells that do not make up sneh an 
apparent series; mnltiple axons are separately embedded 
within the eytoplasm of eaeh eell. These Schwann eells 
do not prodnee myelin. Most fìbers in entaneons nerves 
(nerves snpplying sensation to the skin) are nnmyelinated. 

A nerve eonsists of: 

• a bnndle of nerve fìbers ontside the CNS (or a 'Tnndle of 
bnndled fìbers,” orfaseieles, in the ease of a larger nerve), 

• the eonneetive tissne eoverings that snrronnd and bind 
the nerve fìbers and faseieles together, and 

• the blood vessels (vasa nervomm) that nonrish the nerve 
fìbers and their eoverings (Fig. 1.33). 

Nerves are fairly strong and resilient beeanse the nerve fìbers 
are snpported and proteeted by three eonneetive tissne eov- 
erings: 

1. Endoneurium, delieate eonneetive tissne immediately 
snrronnding the nenrilemma eells and axons. 

2. Perineurium, a layer of dense eonneetive tissne that 
eneloses a faseiele of nerve fìbers, providing an effeetive 
barrier against penetration of the nerve fìbers by foreign 
snbstanees. 

3. Epineurium, a thiek eonneetive tissne sheath that snr- 
ronnds and eneloses a bnndle of faseieles, forming the 
ontermost eovering of the nerve; it inelndes fatty tissne, 
blood vessels, and lymphaties. 
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FIGIJRE 1.30. Basie organization of the nervous system. The CNS eonsists of the brain and spinal eord. The PNS eonsists of nerves and ganglia. 
Nerves are either eranial nerves or spinal (segmental) nerves, or derivatives of them. Except in the eervieal region, eaeh spinal nerve bears the same 
letter-numeral designation as the vertebra forming the superior boundary of its exit from the vertebral column. In the eervieal region, eaeh spinal 
nerve bears the same letter-numeral designation as the vertebra forming its inferior boundary. Spinal nerve C8 exits betvveen vertebrae C7 and T1. 
The eervieal and lumbar enlargements of the spinal eord occur in relationship to the innervation of the limbs. 
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FIGITRE 1.31. Spìnal eord and spìnal meninges. The dura mater and 
araehnoid materare ineised and refìeeted to showthe posteriorand ante- 
rior roots and the denticulate ligament (a bilateral, longitudinal, toothed 
thiekening of the pia mater that anehors the eord in the eenter of the verte- 
bral eanal). The spinal eord is seetioned to show its horns of gray matter. 
The meninges extend along the nerve roots then blend with the epineurium 
at the point where the posterior and anterior roots join, forming the dural 
root sleeves that enelose the sensory (posterior root) ganglia. 


Nerves are organized mneh like a telephone eable: The axons 
are like individnal wires insnlated by the nenrolemma and 
endonenrinm; the insnlated wires are bnndled by the peri- 
nenrinm, and the bnndles are snrronnded by the epinenrinm 
forming the eable’s onter wrapping (Fig. 1.33). It is impor- 
tant to distingnish between nerve fihers and nerves, which 
are sometimes depieted diagrammatieally as being one and 
the same. 

A eolleetion of nenron eell bodies ontside the CNS is a 
ganglion. There are both motor (antonomie) and sensory 
ganglia. 

TYPES OF NERVES 

The PNS is anatomieally and operationally eontinnons with 
the CNS (Fig. 1.30). Its afferent (sensory) fibers eonvey 
nenral impnlses to the CNS from the sense organs (e.g., the 
eyes) and from sensory reeeptors in varions parts of the body 



Single Schwann eell engulfing 
several anmyelinated nerve 
fibers 


FIGIJRE 1.32. Myelìnated and unmyelìnated nerve fibers. Myelinated 
nerve fìbers have a sheath eomposed of a continuous series of neurilemma 
(Schwann) eells that surround the axon and form a series of myelin seg- 
ments. Multiple unmyelinated nerve fìbers are individually engulfed within a 
single neurilemma eell that does not produce myelin. 


(e.g., in the skin). Its efferent (motor) fibers eonvey nen- 
ral impnlses from the CNS to effeetor organs (mnseles and 

Nerves are either eranial nerves or spinal nerves, or deriv- 
atives of them. 

• Cranial nerves exit the eranial eavity throngh foram- 
ina (openings) in the eraninm (G. kranion, sknll) and are 
identified by a deseriptive name (e.g., “troehlear nerve”) 
or a Roman nnmeral (e.g., “CN IV”). Only 11 of the 
12 pairs of eranial nerves arise from the brain; the other pair 
(CN XI) arises from the snperior part of the spinal eord. 

• Spinal (segmental) nerves exit the vertebral eolnmn 
(spine) throngh intervertebral foramina (Fig. 1.30). Spi- 
nal nerves arise in bilateral pairs from a speeifie seg- 
ment of the spinal eord. The 31 spinal eord segments 
and the 31 pairs of nerves arising from them are identi- 
fied by a letter and nnmber (e.g., “T4”) designating the 
region of the spinal eord and their superior-to-inferior 
order (C, eervieal; T, thoraeie; L, Inmbar; S, saeral; 
Co, eoeeygeal). 
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FIGIJRE 1.33. Arrangement and ensheathment of myelìnated nerve 
fibers. Nerves eonsist ofthe bundles of nerve fibers, the layers of eonnee- 
tive tissue binding them together, and the blood vessels (vasa nervorum) 
that serve them. All but the smallest nerves are arranged in bundles ealled 
faseieles. 


Spínal Nerves. Spinal nerves initially arise from the spi- 
nal eord as rootlets (a detail eommonly omitted from dia- 
grams for the sake of simplieity); the rootlets eonverge to 
form two nerve roots (Fig. 1.34): 

1. An anterior (ventral) nerve root, eonsisting of motor 
(efferent) fibers passing from nerve eell bodies in the 
anterior horn of spinal eord gray matter to effeetor organs 
loeated peripherally. 

2. A posterior (dorsal) nerve root, eonsisting of sensory 
(afferent) fibers from eell bodies in the spinal (sensory) or 
posterior (dorsal) root ganglion (eommonly abbreviated in 
elinieal nse as “DRG”) that extend peripherally to sensory 
endings and eentrally to the posterior horn of spinal eord 
gray matter. 

The posterior and anterior nerve roots nnite, within or jnst 
proximal to the intervertebral foramen, to form a mixed (both 
motor and sensory) spinal nerve, whieh immediately divides 
into two rami (L., branehes): a posterior (dorsal) ramns and 
an anterior (ventral) ramns. As branehes of the mixed spi- 
nal nerve, the posterior and anterior rami earry both motor 
and sensory fibers, as do all their subsequent branehes. The 
terms motor nerve and sensory nerve are almost always rela- 
tive terms, referring to the majority of fiber types eonveyed 
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FIGIJRE 1.34. Spìnal eord gray matter, spìnal roots, and spìnal 
nerves. The meninges are ineised and refìeeted to shovvthe H-shaped 
gray matter in the spinal eord and the posterior and anterior rootlets 
and roots of tv\/o spinal nerves. The posterior and anterior rootlets 
enter and leave the posterior and anterior gray horns, respeetively. The 
posterior and anterior nerve roots unite distal to the spinal ganglion to 
form a mixed spinal nerve, vvhieh immediately divides into posterior and 
anterior rami. 


by that nerve. Nerves snpplying mnseles of the trnnk or limbs 
(motor nerves) also eontain abont 40% sensory fibers, whieh 
eonvey pain and proprioeeptive information. Gonversely, 
entaneons (sensory) nerves eontain motor fibers, whieh serve 
sweat glands and the smooth mnsele of blood vessels and hair 
follieles. 

The nnilateral area of skin innervated by the sensory 
fibers of a single spinal nerve is ealled a dermatome; the 
nnilateral mnsele mass reeeiving innervation from the 
fibers eonveyed by a single spinal nerve is a myotome 
(Fig. 1.35). From elinieal stndies of lesions of the posterior 
roots or spinal nerves, dermatome maps have been devised 
to indieate the typieal pattern of innervation of the skin by 
speeifie spinal nerves (Fig. 1.36). However, a lesion of a 
single posterior root or spinal nerve would rarely resnlt 
in nnmbness over the area demareated for that nerve in 
these maps beeanse the fibers eonveyed by adjaeent spinal 
nerves overlap almost eompletely as they are distribnted 
to the skin, providing a type of donble eoverage. The lines 
indieating dermatomes on dermatome maps would thns 
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FIGIJRE 1.35. Dermatomes and myotomes. Sehematie representa- 
tion of a dermatome (the unilateral area of skin) and myotome (the 
unilateral portion of skeletal muscle) reeeiving innervation from a single 
spinal nerve. 


be better represented by smndges or gradations of eolor. 
Generally, at least two adjaeent spinal nerves (or posterior 
roots) mnst be interrnpted to prodnee a diseernible area 
of nnmbness. 

As they emerge from the intervertebral foramina, spinal 
nerves are divided into two rami (Fig. 1.37): 

1. Posterior (primary) rami of spinal nerves snpply 
nerve fibers to the synovial joints of the vertebral eol- 
nmn, deep mnseles of the baek, and the overlying skin in 
a segmental pattern. As a general rnle, the posterior rami 
remain separate from eaeh other (do not merge to form 
major somatie nerve plexuses). 

2. Anterior (primary) rami of spinal nerves snpply 
nerve fibers to the mneh larger remaining area, eon- 
sisting of the anterior and lateral regions of the trnnk 
and the npper and lower limbs. The anterior rami 
that are distribnted exelusively to the trnnk gener- 
ally remain separate from eaeh other, also innervat- 
ing mnseles and skin in a segmental pattern (Figs. 
1.38 and 1.39). However, primarily in relationship to 
the innervation of the limbs, the majority of anterior 
rami merge with one or more adjaeent anterior rami, 
forming the major somatie nerve plexuses (networks) 
in whieh their fibers intermingle and from whieh a 
new set of mnltisegmental peripheral nerves emerges 
(Figs. 1.39 and I.40A & B). The anterior rami of spi- 
nal nerves partieipating in plexus formation eontribnte 
fibers to mnltiple peripheral nerves arising from the 
plexus (Fig. I.40A); eonversely, most peripheral nerves 
arising from the plexus eontain fibers from mnltiple 
spinal nerves (Fig. I.40B). 

Althongh the spinal nerves lose their identity as they split 
and merge in the plexus, the fibers arising from a speeifie 
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FIGIJRE 1.36. Dermatomes (segmental cutaneous innervation). 

Dermatome maps of the body are based on an accumulation of elinieal 
findings follovving spinal nerve injuries. This map is based on the studies of 
Foerster (1933) and refìeets both anatomieal (actual) distribution orseg- 
mental innervation and elinieal experience. Another popular but more 
sehematie map isthat of Keegan and Garrett (1948), which is appealing 
for its regular, more easily extrapolated pattern. Spinal nerve C1 laeks a 
signifieant afferent eomponent and does not supply the skin; therefore, no 
C1 dermatome is depieted. Note that in the Foerster map, C5-T1 and 
L3-S1 are distributed almost entirely in the limbs (i.e., have little or no 
representation on the trunk). 


spinal eord segment and eonveyed from it by a single spinal 
nerve are nltimately distribnted to one segmental derma- 
tome, althongh they may reaeh it by means of a mnltiseg- 
mental peripheral nerve arising from the plexus that also 
eonveys fibers to all or parts of other adjaeent dermatomes 

(Fig. I.40C). 

It is therefore important to distingnish between the 
distribntion of the fibers earried by spinal nerves {seg- 
mental innervation or distrihntion —i.e., dermatomes 
and myotomes labeled with a letter and a nnmber, sneh 
as “T4”) and of the fibers earried by branehes of a plexus 
{peripheral nerve innervation or distrihntion, labeled 
with the names of peripheral nerves, sneh as “the median 
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FIGIJRE 1.37. Dìstrìbutìon of spìnal nerves. Almost as soon as they are 
formed by the merging of posterior and anterior roots, spinal nerves divide 
into anterior and posterior (primary) rami. Posterior rami are distributed 
to the synovial joints of the vertebral column, deep muscles of the baek, 
and the overlying skin. The remaining anterolateral body vvall, including the 
limbs, is supplied by anterior rami. Posterior rami and the anterior rami of 
spinal nerves T2-T12 generally do not merge with the rami of adjaeent spi- 
nal nerves to form plexuses. 


nerve”) (Figs. 1.36 and 1.38). Mapping segmental inner- 
vation (dermatomes, determined by elinieal experience) 
and mapping the distribntion of peripheral nerves (deter- 
mined by disseeting the branehes of a named nerve dis- 
tally) prodnee entirely different maps, except for most 
of the trnnk where, in the absenee of plexus formation, 
segmental and peripheral distribntions are the same. The 
overlapping in the entaneons distribntion of nerve fibers 
eonveyed by adjaeent spinal nerves also oeenrs in the enta- 
neons distribntion of nerve fibers eonveyed by adjaeent 
peripheral nerves. 

Granial Nerves. As they arise from the CNS, some 
eranial nerves eonvey o 
fibers, and some earry a mixture of both types of fibers 
(Fig. 1.41). Gommnnieation oeenrs between eranial nerves, 
and between eranial nerves and npper eervieal (spinal) 
nerves; thns a nerve that initially eonveys only motor fibers 
may reeeive sensory fibers distally in its eonrse, and viee 


nly sensory fibers, some only motor 


versa. Except for the first two (those involved in the senses 
of smell and sight), eranial nerves that eonvey sensory fibers 
into the brain bear sensory ganglia (similar to spinal or pos- 
terior root ganglia), where the eell bodies of the psendonni- 
polar fibers are loeated. Althongh, by definition, the term 
dermatome applies only to spinal nerves, similar areas of 
skin snpplied by single eranial nerves ean be identified and 
mapped. Unlike dermatomes, however, there is little over- 
lap in the innervation of zones of skin snpplied by eranial 
nerves. 

SOMATie AND VISGERAL FIBERS 

The types of fibers eonveyed by eranial or spinal nerves are 
as follows (Fig. 1.41): 

• Somatie fibers 

• General sensory fibers {general somatie afferent 
[GSA] fihers) transmit sensations from the body to 
the CNS; they may be exteroeeptive sensations from 
the skin (pain, temperatnre, toneh, and pressnre) or 
pain and proprioeeptive sensations from mnseles, ten- 
dons, and joints. Proprioeeptive sensations are nsnally 
snbeonseions, providing information regarding joint 
position and the tension of tendons and mnseles. This 
information is eombined with inpnt from the vestibnlar 
apparatns of the internal ear, resnlting in awareness of 
the orientation of the body and limbs in spaee, inde- 
pendent of visnal inpnt. 

• Somatie motor fibers {general somatie efferent 
[GSYj]fihers) transmit impnlses to skeletal (volnntary) 
mnseles. 

• Viseeral fibers 

• Viseeral sensory fibers {general viseeral affer- 
ent [GVA] fihers) transmit pain or snbeonseions 
viseeral reflex sensations (information eoneerning 
distension, blood gas, and blood pressnre levels, for 
example) from hollow organs and blood vessels to 
the GNS. 

• Viseeral motor fibers {general viseeral efferent 
[GVYd\fihers) transmit impnlses to smooth (involnn- 
tary) mnsele and glandnlar tissnes. Two varieties of 
fibers, presynaptie and postsynaptie, work together to 
eondnet impnlses from the CNS to smooth mnsele or 

Both types of sensory fibers—viseeral sensory and general 
sensory—are proeesses of psendonnipolar nenrons with eell 
bodies loeated ontside of the CNS in spinal or eranial sen- 
sory ganglia (Figs. 1.41 and 1.42). The motor fibers of nerves 
are axons of mnltipolar nenrons. The eell bodies of somatie 
motor and presynaptie viseeral motor nenrons are loeated 
in the gray matter of the spinal eord. Gell bodies of post- 
synaptie motor nenrons are loeated ontside the CNS in anto- 
nomie ganglia. 
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FIGIJRE 1.38. Distribution of peripheral cutaneous nerves. Maps ofthe cutaneous distribution of peripheral nerves are based on disseetion and 
supported by elinieal findings. 


In addition to the fiber types listed above, some era- 
nial nerves also eonvey speeial sensory fibers for the 
speeial senses (smell, sight, hearing, balanee, and taste). 
On the basis of the embryologie/phylogenetie derivation 
of eertain mnseles of the head and neek, some motor 
fibers eonveyed by eranial nerves to striated mnsele have 
traditionally been elassified as “speeial viseeral”; how- 
ever, sinee the designation is eonfnsing and not applied 
elinieally, that term will not be nsed here. These fibers 
are oeeasionally designated as hranehìal motor, referring 
to mnsele tissne derived from the pharyngeal arehes in 
the embryo. 


GENTRAL AND PERIPHERAL 
NERVOUS SYSTEMS 

Damage to the CNS 

When the hraìn or spinal eord is damaged, the 
injnred axons do not reeover in most eirenm- 
stanees. Their proximal stnmps begin to regener- 
ate, sending spronts into the area of the lesion; however, 
this growth is bloeked by astroeyte proliferation at the 
injnry site, and the axonal spronts are soon retraeted. As a 
resnlt, permanent disability follows destrnetion of a traet 
in the CNS. 
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FIGIJRE 1.39. Anterior rami of spinal nerves and their partieipation 
in plexus formation. Although the posterior rami (not shovvn) generally 
remain separate from eaeh other and follovv a distinetly segmental pat- 
tern of distribution, most anterior rami (20 of 31 pairs) partieipate in the 
formation of plexuses, vvhieh are primarily involved in the innervation of 
the limbs. The anterior rami distributed only to the trunk generally remain 
separate, however, and follow a segmental distribution similar to that of 
the posterior rami. 


Rhizotomy 



The posterior and anterior roots are the only sites 
where the motor and sensory fibers of a spinal 
nerve are segregated. Therefore, only at these 
loeations ean the snrgeon seleetively seetion either fnne- 
tional element for the relief of intraetable pain or spastie 
paralysis {rhizotomy). 



Nerve Degeneration 
and isehemia of Nerves 

Nenrons do not proliferate in the adnlt nervons 
system, exeept those related to the sense of smell 
in the olfaetory epithelinm. Therefore, nenrons 
destroyed throngh disease or tranma are not replaeed 
(Hntehins et al., 2002). When nerves are stretehed, ernshed, 
or severed, their axons degenerate mainly distal to the 
lesion beeanse they depend on their nerve eell bodies for 
snrvival. If the axons are damaged bnt the eell bodies are 
intaet, regeneration and retnrn of fnnetion may oeenr. The 
ehanee of snrvival is best when a nerve is eompressed. 
Pressnre on a nerve eommonly eanses paresthesia, the 
pins-and-needles sensation that oeenrs when one sits too 
long with the legs erossed, for example. 

A ernshing nerve injnry damages or kills the axons 
distal to the injnry site; however, the nerve eell bodies 
nsnally snrvive, and the nerve s eonneetive tissne eover- 
ings remain intaet. No snrgieal repair is needed for this 
type of nerve injnry beeanse the intaet eonneetive tissne 
eoverings gnide the growing axons to their destinations. 
Regeneration is less likely to oeenr in a severed nerve. 
Spronting oeenrs at the proximal ends of the axons, bnt 
the growing axons may not reaeh their distal targets. A eut- 
ting nerve injnry requires snrgieal intervention beeanse 
regeneration of the axon requires apposition of the ent 
ends by sntnres throngh the epinenrinm. The individnal 
nerve bnndles are realigned as aeenrately as possible. 
Anterograde {vvallerian) degeneration is the degeneration 
of axons detaehed from their eell bodies. The degenera- 
tive proeess involves the axon and its myelin sheath, even 
thongh this sheath is not part of the injnred nenron. 

Gompromising a nerve s blood snpply for a long period 
by eompression of the vasa nervomm (Fig. 1.33) ean also 
eanse nerve degeneration. Prolonged isehemia (inadequate 
blood snpply) of a nerve may resnlt in damage no less severe 
than that prodneed by ernshing or even entting the nerve. 
The Satnrday night syndrome, named after an intoxicated 
individnal who “passes ont” with a limb dangling aeross the 
arm of a ehair or the edge of a bed, is an example of a more 
serions, often permanent, paresthesia. This eondition ean 
also resnlt from the snstained nse of a tourniquet dnring 
a snrgieal proeednre. If the isehemia is not too prolonged, 
temporary nnmbness or paresthesia resnlts. Transient par- 
esthesias are familiar to anyone who has had an injeetion of 
anesthetie for dental repairs. 
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(A) Anterolateral view • One spinal nerve contributing motor fibers 

to many different peripheral nerves 
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(B) Anterolateral view • One peripheral nerve reeeiving sensory fibers from many different spinal nerves 


Three segmental 



Three spinal eord Three overlapping 

segments dermatomes 


(C) Rosterolateral views • Segmental innervation of skin 

by three separate spinal nerves 
(as in skin of trunk) 


Spinal 



Three spinal eord 
segments 

• Innervation of skin by three spinal 
nerves eombined into one peripheral 
nerve through plexus formation 
(as in skin of limbs) 


Three overlapping 
dermatomes within 
area of distribution 
of one peripheral 
nerve (dotted line) 


FIGIJRE 1.40. Plexus formation. Adjaeent anterior rami merge to form plexuses in vvhieh their fibers are exchanged and redistributed, forming a new set of 
multisegmental peripheral (named) nerves. A. The fibers of a single spinal nerve entering the plexus are distributed to multiple branehes of the plexus. B. The 
peripheral nerves derived from the plexus eontain fibers from multiple spinal nerves. C. Although segmental nerves merge and lose their identity when plexus 
formation results in multisegmental peripheral nerves, the segmental (dermatomal) pattern of nerve fiber distribution remains. 
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FIGITRE 1.41. Somatie and viseeral innervation via spinal, splanehnie, and eranial nerves. The somatie motor system permits voluntary and refìexive 
movement caused by eontraetion of skeletal muscles, such as occurs vvhen one touches a hot iron. 


The Bottom Lìne 


GENTRAL AND PERIPHERAL NERVOUS SYSTEMS 

The nervous system ean be functionally divided into the een- 
tral nervous system (CNS), vvhieh eonsists of the brain and 
spinal eord, and the peripheral nervous system (PNS), which 
eonsists of the nerve fibers and their nerve eell bodies that 
reside outside the CNS. ♦ Neurons are the functional units of 
the nervous system. They are eomposed of a eell body, den- 
drites, and axons. ♦ The neuronal axons (nerve fibers) trans- 
mit impulses to other neurons or to a target organ or muscle, 
or in the ease of sensory nerves, transmit impulses to the CNS 
from peripheral sensory organs. ♦ Neuroglia are non-neuro- 
nal, supporting eells of the nervous system. 


♦ VVithin the CNS, a eolleetion of nerve eell bodies is ealled a 
nucleus; in the PNS, nerve eell body aggregations (or even soli- 
tary nerve eell bodies) constitute a ganglion. ♦ In the CNS, a 
bundle of nerve fibers that eonneet the nuclei is ealled a traet; 
in the PNS, a bundle of nerve fibers, the eonneetive tissue 
holding it together, and the blood vessels serving it (vasa ner- 
vorum) constitute a nerve. ♦ Nerves exiting the cranium are 
eranial nerves; those exiting the vertebral column (formerly, 
the spine), are spinal nerves. ♦ Although some eranial nerves 
eonvey a single type of fiber, most nerves eonvey a variety of 
viseeral or somatie and sensory or motor fibers. 
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FIGITRE 1.42. Neurons of the PNS. Note the types of neurons involved in the somatie and viseeral nervous systems, the general loeation of their eell 
bodies in relation to the CNS, and their reeeptors or effeetor organs. 


Somatie Nervous System 

The somatie nervous system (SNS), eomposed of somatie 
parts of the CNS and PNS, provides sensory and motor inner- 
vation to all parts of the body (G. soma), except the viseera in 
the body eavities, smooth mnsele, and glands (Figs. 1.41 and 
1.42). The somatie sensory system transmits sensations of 
toneh, pain, temperatnre, and position from sensory reeep- 
tors. Most of these sensations reaeh eonseions levels (i.e., we 
are aware of them). The somatie motor system innervates 
only skeletal mnsele, stimnlating volnntary and reflexive 
movement by eansing the mnsele to eontraet, as oeenrs in 
response to tonehing a hot iron. 

Autonomic Nervous System (ANS) 

The antonomie nervons system (ANS), elassieally 
deseribed as the viseeral nervons system or viseeral motor 
system (Figs. 1.41 and 1.42), eonsists of motor flbers that stim- 
nlate smooth (involnntary) mnsele, modifled eardiae mnsele 
(the intrinsie stimnlating and eondneting tissne of the heart), 
and glandnlar (seeretory) eells. However, the viseeral effer- 
ent flbers of the AN S are aeeompanied by viseeral afferent 


flbers. As the afferent eomponent of antonomie reflexes and 
in eondneting viseeral pain impnlses, these viseeral afferent 
flbers also play a role in the regnlation of viseeral fnnetion. 

The efferent nerve flbers and ganglia of the ANS are orga- 
nized into two systems or divisions: the sympathetie (thora- 
eolnmhar) division and the parasympathetie (eraniosaeral) 
division. Unlike sensory and somatie motor innervation, in 
which the passage of impnlses between the CNS and the sen- 
sory ending or effeetor organ involves a single nenron, in both 
divisions of the ANS, eondnetion of impnlses from the CNS to 
the effeetor organ involves a seríes of two mnltipolar nenrons 
(Fig. 1.42). The nerve eell body of the flrst presynaptie (pre- 
ganglioniej nenron is loeated in the gray matter of the CNS. 
Its flber (axon) synapses only on the eell body of a postsynaptie 
("postganglioniej nenron, the seeond nenron in the seríes. 
The eell bodies of these seeond nenrons are loeated ontside the 
CNS in antonomie ganglia, with flbers terminating on the effee- 
tor organ (smooth mnsele, modifled eardiae mnsele, or glands). 

The anatomieal distinetion between the sympathetie and 
parasympathetie divisions of the ANS is based primarily on: 

1. The loeation of the presynaptie eell bodies, and 

2. Which nerves eondnet the presynaptie flbers from the CNS. 
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A functional distinetion of pharmaeologieal importanee for 
medieal praetiee is that the postsynaptie nenrons of the two 
divisions generally liberate different neurotransmitter snb- 
stanees: norepinephrine by the sympathetie division (except 
in the ease of sweat glands) and aeetyleholine by the para- 
sympathetie division. 

SYMPATHETie (THORACOLUMBAR) 

DIVISION OF ANS 

The eell bodies of the presynaptie nenrons of the sym- 
pathetie division of the ANS are fonnd in only one loeation: 
the intermediolateral eell eolnmns (IMLs) or nnelei of 
the spinal eord (Fig. 1.43). The paired (right and left) IMLs 
are a part of the gray matter of the thoraeie (Tl-12) and 
the npper Inmbar (L1-L2 or 3) segments of the spinal eord 
(henee the alternate name “thoraeolnmbar” for the division). 
In transverse seetions of this part of the spinal eord, the IMLs 
appear as small lateral horns of the H-shaped gray matter, 
looking somewhat like an extension of the eross-bar of the 
H between the posterior and the anterior horns. The IMLs 
are organized somatotopieally (i.e., arranged like the body, 
the eell bodies involved with innervation of the head loeated 
snperiorly, and those involved with innervation of the pelvie 
viseera and lower limbs loeated inferiorly). Thns it is possible 
to dednee the loeation of the presynaptie sympathetie eell 
bodies involved in innervation of a speeifìe part of the body. 


The eell bodies of postsynaptie nenrons of the sympathetie 
nervons system oecur in two loeations, the paravertebral and 
prevertebral ganglia (Fig. 1.44): 

• Paravertebral ganglia are linked to form right and left 
sympathetie tranks (ehains) on eaeh side of the vertebral 
eolnmn and extend essentially the length of this eolnmn. 
The snperior paravertehral ganglion (the snperior eervi- 
eal ganglion of eaeh sympathetie trnnk) lies at the base of 
the eraninm. The ganglion impar forms inferiorly where 
the two trnnks unite at the level of the coceyx. 

• Prevertebral ganglia are in the plexuses that sur- 
round the origins of the main branehes of the abdominal 
aorta (for whieh they are named), such as the two large 
eeliae ganglia that surround the origin of the eeliae tmnk 
(a major artery arising from the aorta). 

Beeanse they are motor fìbers, the axons of presynaptie neu- 
rons leave the spinal eord throngh anterior roots and enter 
the anterior rami of spinal nerves T1-L2 or 3 (Figs. 1.45 and 
1.46). Almost immediately after entering, all the presynap- 
tie sympathetie fìbers leave the anterior rami of these spinal 
nerves and pass to the sympathetie trnnks throngh white 
rami communicantes (eommnnieating hranehes). Within 
the sympathetie trnnks, presynaptie fìbers follow one of four 
possible courses: 

• Aseend in the sympathetie trunk to synapse with a post- 
synaptie nenron of a higher paravertebral ganglion. 
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FIGUREI.43. Intermediolateral eell columns. Eaeh IML or nucleus constitutes the lateral horn of gray matter of spinal eord segmentsT1-L2 or3 and 
eonsists of the eell bodies ofthe presynaptie neurons of the sympathetie nervous system, vvhieh are somatotopieally arranged. 
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FIGIJRE 1.44. Ganglia of the sympathetie nervous system. In the sympathetie nervous system, eell bodies of postsynaptie neurons occur either in the 
paravertebral ganglia of the sympathetie trunks or in the prevertebral ganglia that occur mainly in relationship to the origins ofthe main branehes of the 
abdominal aorta. Prevertebral ganglia are speeifieally involved in the innervation of abdominopelvie viseera. The eell bodies of postsynaptie neurons 
distributed to the remainder of the body occur in the paravertebral ganglia. 


• Deseend in the sympathetie trnnk to synapse with a post- 
synaptie nenron of a lower paravertebral ganglion. 

• Enter and synapse immediately with a postsynaptie nen- 
ron of the paravertebral ganglion at that level. 

• Pass throngh the sympathetie trnnk without synapsing, 
eontinning throngh an abdominopelvie splanehnie nerve 
(a braneh of the trnnk involved in innervating abdomino- 
pelvie viseera) to reaeh the prevertebral ganglia. 

Presynaptie sympathetie fibers that provide antonomie 
innervation within the head, neek, body wall, limbs, and tho- 
raeie eavity follow one of the first three eonrses, synapsing 
within the paravertebral ganglia. Presynaptie sympathetie 
fibers innervating viseera within the abdominopelvie eavity 
follow the fonrth eonrse. 


Postsynaptie sympathetie fibers greatly ontnnm- 
ber the presynaptie fibers; eaeh presynaptie sympathetie 
fiber synapses with 30 or more postsynaptie fibers. Those 
postsynaptie sympathetie fibers, destined for distribn- 
tion within the neek, body wall, and limbs, pass from the 
paravertebral ganglia of the sympathetie trnnks to adja- 
eent anterior rami of spinal nerves throngh gray rami 
eommnnieantes (Fig. 1.46). By this means, they enter 
all branehes of all 31 pairs of spinal nerves, inelnding the 
posterior rami. 

The postsynaptie sympathetie fibers stimnlate eontrae- 
tion of the blood vessels (vasomotion) and arreetor mns- 
eles assoeiated with hairs {pilomotion, resnlting in “goose 
bnmps”), and to eanse sweating (sndomotion). Postsynap- 
tie sympathetie fibers that perform these fnnetions in the 
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for innervation of head, when 
eervieal cardiopulmonary 
splanehnie nerves are involved, 
or when spinal nerves involved 
are superior to the part of the 
IML involved (e.g., innervation 
of neek and upper limb) 
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when thoraeie cardiopulmonary 
splanehnie nerves are involved, 
or when spinal nerves involved 
are at approximately the same 
level as the part of the IML 
involved (e.g., innervation of 
middle trunk) 

3. Deseend and then synapse 

when spinal nerves involved 
are inferior to the part of the 
IML involved (e.g., innervation 
of lower limb) 

4. Pass through sympathetie 
trunk without synapsing to 
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splanehnie nerve 
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FIGITRE 1.45. Courses taken by sympathetie motor fibers. All presynaptie fìbers follow the same course until they reaeh the sympathetie trunks. In the 
trunks, they follow one of four possible courses. Fibers involved in providing sympathetie innervation to the body wall and limbs or viseera above the level 
ofthe diaphragm follow paths 1-3 to synapse in the paravertebral ganglia ofthe sympathetie trunks. Fibers involved in innervating abdominopelvie viseera 
follow path 4 to prevertebral ganglion via abdominopelvie splanehnie nerves. 
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FIGIJRE 1.46. The sympathetie (thoracolumbar) division of ANS. Postsynaptie sympathetie fibers exit from the sympathetie trunks by different means, 
depending on their destination: Those destined for parietal distribution within the neek, body wall, and limbs pass from the sympathetie trunks to adjaeent 
anterior rami of all spinal nerves through gray communicating branehes (L. rami communicantes); those destined for the head pass from eervieal ganglia by 
means of eephalie arterial rami to form a earotid peri-arterial plexus; and those destined for viseera ofthe thoraeie eavity (e.g., the heart) pass through 
cardiopulmonary splanehnie nerves. Presynaptie sympathetie fibers involved in the innervation ofviseera ofthe abdominopelvie eavity (e.g., the stomaeh) 
pass through the sympathetie trunks to the prevertebral ganglia by means of abdominopelvie splanehnie nerves. Postsynaptie fibers from the prevertebral 
ganglia form peri-arterial plexuses, which follow branehes of the abdominal aorta to reaeh their destination. 
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head (plus innervation of the dilator mnsele of the iris— 
dilator pnpillae) all have their eell bodies in the snperior 
eervieal ganglion at the snperior end of the sympathetie 
trnnk. They pass from the ganglion by means of a eephalie 
arterial braneh to form peri-arterial plexuses of nerves, 
which follow the branehes of the earotid arteries, or they 
may pass direetly to nearby eranial nerves, to reaeh their 
destination in the head (Maklad et ah, 2001). 

Splanehnie nerves eonvey viseeral efferent (antonomie) 
and afferent fibers to and from the viseera of the body eavi- 
ties. Postsynaptie sympathetie fibers destined for the viseera 
of the thoraeie eavity (e.g., the heart, Inngs, and esopha- 
gns) pass throngh eardiopnlmonary splanehnie nerves 
to enter the eardiae, pnlmonary, and esophageal plexuses 
(Figs. 1.45 and 1.46). The presynaptie sympathetie fibers 
involved in the innervation of viseera of the abdominopel- 
vie eavity (e.g., the stomaeh and intestines) pass to the pre- 
vertebral ganglia throngh abdominopelvie splanehnie 
nerves (including the greater, lesser, least thoraeie, and 
Inmbar splanehnie nerves) (Figs. 1.45-1.47). All presynaptie 
sympathetie fibers of the abdominopelvie splanehnie nerves, 
except those involved in innervating the snprarenal (adrenal) 
glands, synapse in prevertebral ganglia. The postsynaptie 
fibers from the prevertebral ganglia form peri-arterial plex- 



Abdominopelvie 

viseera 


Sympathetie motor fibers 


- Presynaptie 

- Postsynaptie 

\_ J 

FIGIJRE 1.47. Sympathetie supply to medulla of suprarenal (adrenal) 
gland. The sympathetie supply to the suprarenal gland is exceptional. The 
seeretory eells of the medulla are postsynaptie sympathetie neurons that 
laek axons or dendrites. Consequently, the suprarenal medulla is supplied 
direetly by presynaptie sympathetie neurons. The neurotransmitters pro- 
duced by medullary eells are released into the bloodstream to produce a 
widespread sympathetie response. 


nses, which follow branehes of the abdominal aorta to reaeh 
their destination. 

Some presynaptie sympathetie fibers pass throngh the 
eeliae prevertebral ganglia without synapsing, eontinning to 
terminate direetly on eells of the mednlla of the snprarenal 
gland (Fig. 1.47). The snprarenal mednllary eells fnnetion as a 
speeial type of postsynaptie nenron that, instead of releasing 
their nenrotransmitter snbstanee onto the eells of a speeifie 
effeetor organ, release it into the bloodstream to eirenlate 
thronghont the body, prodneing a widespread sympathetie 
response. Thns the sympathetie innervation of this gland is 
exceptional. 

As deseribed earlier, postsynaptie sympathetie fibers are 
eomponents of virtnally all branehes of all spinal nerves. By 
this means and via peri-arterial plexuses, they extend to and 
innervate all the body’s blood vessels (the sympathetie sys- 
tem’s primary fnnetion) as well as sweat glands, arreetor mns- 
eles of hairs, and viseeral strnetnres. Thns the sympathetie 
nervons system reaehes virtnally all parts of the body, with 
the rare exception of sneh avasenlar tissnes as eartilage and 
nails. Beeanse the two sets of sympathetie ganglia (para- and 
prevertebral) are eentrally plaeed in the body and are elose to 
the midline (henee relatively elose to the spinal eord), in this 
division the presynaptie fibers are relatively short, whereas 
the postsynaptie fibers are relatively long, having to extend 
to all parts of the body. 

PARASYMPATHETie (CRANIOSACRAL) 

DIVISION OF ANS 

Presynaptie parasympathetie nerve eell bodies are loeated 
in two sites within the CNS, and their fibers exit by two 
rontes. This arrangement aeeonnts for the alternate name 
“eraniosaeral” for the parasympathetie division of the ANS 

(Fig. 1.48): 

• In the gray matter of the brainstem, the fibers exit the 
CNS within eranial nerves III, VII, IX, and X; these fibers 
eonstitnte the eranial parasympathetie outflow. 

• In the gray matter of the saeral segments of the spinal 
eord (S2-4), the fibers exit the CNS throngh the anterior 
roots of saeral spinal nerves S2-4 and the pelvie splaneh- 
nie nerves that arise from their anterior rami; these fibers 
eonstitnte the saeral parasympathetie outflow. 

Not snrprisingly, the eranial outfiow provides parasympa- 
thetie innervation of the head, and the saeral outfiow provides 
the parasympathetie innervation of the pelvie viseera. How- 
ever, in terms of the innervation of thoraeie and abdominal 
viseera, the eranial outfiow through the vagus nerve (CN X) is 
dominant. It provides innervation to all thoraeie viseera and 
most of the gastrointestinal (GI) traet from the esophagns 
throngh most of the large intestine (to its left eolie fiexure). 

The saeral outfiow to the GI traet supplies only the 
deseending and sigmoid eolon and reetnm. 

Begardless of the extensive infinenee of its eranial out- 
fiow, the parasympathetie system is much more restrieted 
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FIGIJRE 1.48. Parasympathetie (eraniosaeral) division of ANS. Presynaptie parasympathetie nerve eell bodies are loeated in opposite ends of the CNS 
and their fibers exit by two different routes: (1) in the gray matter ofthe brainstem, with fibers exiting the CNS within eranial nerves III, VII, IX, and X (these 
fibers constitute the eranial parasympathetie outfìow), and (2) in the gray matter of the saeral (S2-4) segments of the spinal eord, with fibers exiting the CNS 
via the anterior roots of spinal nerves S2-4 and the pelvie splanehnie nerves that arise from their anterior rami. (These fibers constitute the saeral parasympa- 
thetie outfìow.) The eranial outfìow provides parasympathetie innervation of the head, neek, and most ofthe trunk; the saeral outfìow provides the parasym- 
pathetie innervation ofthe pelvie viseera. 
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than the sympathetie system in its distribntion. The parasym- 
pathetie system distribntes only to the head, viseeral eavities 
of the trnnk, and ereetile tissnes of the external genitalia. 
With the exeeption of the latter, it does not reaeh the body 
wall or limbs, and except for the initial parts of the anterior 
rami of spinal nerves S2-4, its fibers are not eomponents of 
spinal nerves or their branehes. 

Fonr diserete pairs of parasympathetie ganglia oeenr in 
the head. Elsewhere, presynaptie parasympathetie fibers 
synapse with postsynaptie eell bodies, which oeenr singly in 
or on the wall of the target organ (intrinsie or enterie gan- 
glia). Consequently, in this division, most presynpatie fibers 
are very long, extending from the CNS to the effeetor organ, 
whereas the postsynaptie fibers are very short, rnnning from 
a ganglion loeated near or embedded in the effeetor organ. 

FUNCTIONS OF DIVISIONS OF ANS 

Althongh both sympathetie and parasympathetie systems 
innervate involnntary (and often affeet the same) strnetnres, 
they have different, nsnally eontrasting yet eoordinated, 
effeets (Figs. 1.46 and 1.48). In general, the sympathetie sys- 
tem is a eatabolie (energy-expending) system that enables 
the body to deal with stresses, sneh as when preparing the 
body for the fight-or-fiight response. The parasympathetìe 
system is primarily a homeostatie or anabolie (energy-eon- 
serving) system, promoting the quiet and orderly proeesses 
of the body, sneh as those that allow the body to feed and 
assimilate. Table 1.2 snmmarizes the speeifie fnnetions of the 
ANS and its divisions. 

The primary fnnetion of the sympathetie system is to reg- 
nlate blood vessels. This is aeeomplished by several means 
having different effeets. Blood vessels thronghont the body 
are tonieally innervated by sympathetie nerves, maintaining 
a resting state of moderate vasoeonstrietion. In most vasen- 
lar beds, an inerease in sympathetie signals eanses inereased 
vasoeonstrietion, and a deerease in the rate of sympathetie 
signals allows vasodilation. However, in eertain regions of the 
body, sympathetie signals are vasodilatory (i.e., sympathetie 
transmitter snbstanees inhibit aetive vasoeonstrietion, allow- 
ing the blood vessels to be passively dilated by the blood pres- 
snre). In the eoronary vessels, the vessels of skeletal mnseles, 
and the external genitalia, sympathetie stimnlation resnlts in 
vasodilation (Wilson-Pauwels et al., 2010). 

VISGERAL SENSATION 

Viseeral afferent fibers have important relationships to the 
ANS, both anatomieally and fnnetionally. We are nsnally 
unaware of the sensory inpnt of these fibers, which pro- 
vides information abont the eondition of the body s internal 
environment. This information is integrated in the CNS, 
often triggering viseeral or somatie refiexes or both. Viseeral 
refiexes regnlate blood pressnre and ehemistry by altering 
sneh fnnetions as heart and respiratory rates and vasenlar 
resistanee. 


Viseeral sensation that reaehes a eonseions level is gener- 
ally pereeived as pain that is either poorly loealized or felt as 
eramps or that may eonvey a feeling of hnnger, fnllness, or 
nansea. Snrgeons operating on patients who are nnder loeal 
anesthesia may handle, ent, elamp, or even bnrn (eanterize) 
viseeral organs without evoking eonseions sensation. How- 
ever, adequate stimnlation, sneh as the following, may elieit 
viseeral pain: 

• Sndden distension. 

• Spasms or strong eontraetions. 

• ehemieal irritants. 

• Meehanieal stimnlation, espeeially when the organ is 
aetive. 

• Pathologieal eonditions (espeeially isehemia) that lower 
the normal thresholds of stimnlation. 

Normal aetivity nsnally prodnees no sensation, bnt it may do so 
when the blood snpply is inadequate (isehemia). Most viseeral 
refiex (nneonseions) sensation and some pain travel in viseeral 
afferent fibers that aeeompany the parasympathetie fibers ret- 
rograde (backward). Most viseeral pain impnlses (from the 
heart and most organs of the peritoneal eavity) travel eentrally 
along viseeral afferent fibers aeeompanying sympathetie fibers. 

The Bottom Lìne 


AUTONOMIC NERVOUS SYSTEM (ANS) 

The autonomic nervous system is a subdivision of the 
motor nervous system that eontrols functions of the body 
not under conscious eontrol. ♦ Two neurons, a presynap- 
tie and a postsynaptie fiber, eonneet the CNS with an end 
organ, eonsisting of smooth muscle, gland, or modified ear- 
diae muscle. ♦ Based on the loeation of the eell body of the 
presynaptie fibers, the ANS ean be subdivided into two divi- 
sions: the sympathetie and parasympathetie. ♦ Presynaptie 
eell bodies of the sympathetie division are found only in the 
intermediolateral eell columns of gray matter in the thora- 
columbar spinal eord, which are organized somatotopieally. 

♦ The presynaptie sympathetie nerve fibers terminate in 
sympathetie ganglia formed of the eell bodies of postsynap- 
tie sympathetie neurons. ♦ Sympathetie ganglia are in the 
sympathetie trunks (paravertebral ganglia) or around the 
roots of the major branehes of the abdominal aorta (pre- 
vertebral ganglia). ♦ Cell bodies of the presynaptie neurons 
of the parasympathetie division are in the gray matter of 
the brainstem and saeral segments of the spinal eord. ♦ 

Cell bodies of postsynaptie parasympathetie neurons of the 
trunk are loeated in or on the structure being innervated, 
whereas those in the head are organized into diserete gan- 
glia. ♦ The sympathetie and parasympathetie divisions 
usually have opposite but eoordinated effeets. 

♦ The sympathetie system primarily regulates blood vessels 
and faeilitates emergeney (flight-or-fight) responses. 
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TABLE 1.2. FUNCTIONS OF AUTONOMIC NERVOUS SYSTEM (ANS) 


Organ, Traet, or System 

Effeet of Sympathetie Stimulation^ Effeet of Parasympathetie Stimulation^ 

Eyes 

Pupil 

eiliary body 

Dilates pupil (admits more lightfor 
inereased acuityata distanee) 

eonstriets pupil (proteets pupil from exces- 
sively bright light) 

eontraets eiliary muscle, allovving lens to 
thieken for near vision (aeeommodation) 

Skin 

Arreetor muscles of hair 

Peripheral blood vessels 

Svveatglands 

Causes hairs to stand on end ("goose- 
flesh"or "goose bumps") 

Vasoeonstriets (blanehing of skin, lips, 
and turning fingertips blue) 

Promotes svveating^' 

No effeet (does not reaeh)"^ 

No effeet (does not reaeh)"^ 

No effeet (does not reaeh)"^ 

Other glands 

Laerimal glands 

Salivary glands 

Slightly deereases seeretion® 

Seeretion deereases, beeomes thieker, 
more viscous® 

Promotes seeretion 

Promotes abundant, vvatery seeretion 

Heart 


inereases the rate and strength of eon- 
traetion; inhibits the effeetof parasym- 
pathetie system on eoronary vessels, 
allovving them to dilate® 

Deereases the rate and strength of eontrae- 
tion (eonserving energy); eonstriets eoro- 
nary vessels in relation to reduced demand 

Lungs 


Inhibits effeet of parasympathetie sys- 
tem, resulting in bronehodilation and 
reduced seeretion, allovving for maximum 
air exchange 

eonstriets bronehi (eonserving energy) and 
promotes bronehial seeretion 

Digestive traet 


Inhibits peristalsis, and eonstriets blood 
vessels to digestive traet so that blood 
is available to skeletal muscle; eontraets 
internal anal sphineterto aid feeal eon- 
tinenee 

Stimulates peristalsis and seeretion of 
digestive juices 

eontraets rectum, inhibits internal anal 
sphineterto cause defeeation 

Liver and 
gallbladder 


Promotes breakdovvn of glyeogen to glu- 
eose (for inereased energy) 

Promotes building/conservation of glyeo- 
gen; inereases seeretion of bile 

llrinary traet 


Vasoeonstrietion of renal vessels slovvs 
urine formation; internal sphineterof 
bladder eontraeted to maintain urinary 
eontinenee 

Inhibits eontraetion of internal sphineter of 
bladder, eontraets detrusor muscle of the 
bladdervvall causing urination 

Genital system 


Causes ejaculation and vasoeonstrietion 
resulting in remission of ereetion 

Produces engorgement (ereetion) of eree- 
tile tissues of the external genitals 

Suprarenal medulla 


Release of adrenaline into blood 

No effect(does not innervate) 


^ln general, the effeets of sympathetie stimulation are eatabolie, preparing body forthe fight-or-flightresponse. 

^ln general, the effeets of parasympathetie stimulation are anabolie, promoting normal function and eonserving energy. 

^The parasympathetie system is restrieted in its distribution to the head, neek, and body eavities (exceptfor ereetile tissues of genitalia); othervvise, parasympathetie 
fibers are neverfound in the body vvall and limbs. Sympathetie fibers, by eomparison, are distributed to all vascularized portions of the body. 

“'VVith the exception ofthe svveatglands, glandular seeretion is parasympathetieally stimulated. 

®VVith the exception ofthe eoronary arteries, vasoeonstrietion is sympathetieally stimulated; the effeets of sympathetie stimulation on glands (otherthan svveat glands) 
are the indireeteffeets of vasoeonstrietion. 


♦ The parasympathetie system—distributed only to the 
viseera of the head, neek, and eavities of the trunk and the 
ereetile tissues of the genitalia—is primarily eoneerned with 
body eonservation, often reversing the effeets of sympathetie 


stimulation. ♦ Some nerves distributing autonomic nerve 
fibers to the body eavities also eonvey viseeral sensory nerve 
fibers from the viseera that conduct impulses for pain or 
reflexes. 
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MEDIGALIMAGING TECHNIQUES 


Radiologie anatomy is the study of the stmeture and func- 
tion of the body using medieal imaging techniques. It is an 
important part of elinieal anatomy and is the anatomie basis 
of radiology, the braneh of medieal seienee dealing with the 
nse of radiant energy in the diagnosis and treatment of dis- 
ease. Being able to identify normal strnetnres on radiographs 
(X-rays) makes it easier to reeognize the ehanges eansed by 
disease and injnry. Familiarity with medieal imaging teeh- 
niques eommonly nsed in elinieal settings enables one to 
reeognize eongenital anomalies, tumors, and fractures. The 
most eommonly nsed medieal imaging techniques are 

• Gonventional radiography (X-ray images). 

• Gompnterized tomography (CT). 

• UItrasonography (US). 

• Magnetie resonanee imaging (MRI). 

• Nuclear medieine imaging. 

Although the techniques differ, eaeh is based on the reeeipt of 
attennated beams of energy that have been passed throngh, 
refleeted off of, or generated by the bodys tissnes. Medieal 
imaging techniques permit the observation of anatomieal 
structures in living people and the stndy of their movements in 
normal and abnormal aetivities (e.g., the heart and stomaeh). 

Gonventional Radiography 

Gonventional radiographie stndies, in which speeial techniques 
sneh as eontrast media have not been nsed, is referred to 
elinieally as plainfilm stndies (Fig. 1.49), althongh today most 


images are prodneed and viewed digitally on monitors instead 
of fllm. In a radiologie examination, a highly penetrating beam 
of X-rays transillnminates the patient, showing tissnes of dif- 
fering densities of mass within the body as images of differing 
intensities (areas of relative light and dark) on the fllm or moni- 
tor (Fig. 1.50). A tissne or organ that is relatively dense in mass 
(e.g., eompaet bone) absorbs or refleets more X-rays than does 
a less dense tissne (e.g., spongy bone). Consequently, a dense 
tissne or organ prodnees a somewhat transparent area on the 
X-ray fllm or bright area on a monitor beeanse fewer X-rays 
reaeh the fllm or deteetor. A dense snbstanee is radiopaque, 
whereas a snbstanee of less density is radiolneent. 

Many of the same prineiples that apply to making a shadow 
apply to eonventional radiography. When making a shadow of 
yonr hand on a wall, the eloser yonr hand is to the wall, the 
sharper the shadow prodneed. The farther yonr hand is from 
the wall (and therefore the eloser to the light sonree), the 
more the shadow is magnifled. Radiographs are made with 
the part of the patient s body being stndied elose to the X-ray 
fllm or deteetor to maximize the elarity of the image and min- 
imize magnifleation artifaets. In basie radiologie nomenela- 
tnre, postero-anterior (PA) projeetion refers to a radiograph 
in which the X-rays traversed the patient from posterior (P) 
to anterior (A); the X-ray tnbe was posterior to the patient 
and the X-ray fllm or deteetor was anterior (Fig. I.51A). 
A radiograph nsing anteroposterior (AP) projeetion radiogra- 
phy is the opposite. Both PA and AP projeetion radiographs 
are viewed as if yon and the patient were faeing eaeh other 
(the patients right side is opposite yonr left); this is referred 
to as an anteropostenor (AP) vieto. (Thns the standard ehest 
X-ray, taken to examine the heart and Inngs, is an AP view of 
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FIGIJRE 1.49. Radìograph of thorax (ehest). AP vievv of a PA projeetion radiograph demonstrates the areh ofthe aorta, parts of the heart, and domes of 
the diaphragm. Note that the dome ofthe diaphragm ishigheron the right side. (Courtesy of Dr. E. L. Lansdovvn, Professor of Medieal Imaging, Llniversity 
ofToronto, Toronto, ON, Canada.) 
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FIGIJRE 1.50. Prineiples of X-ray image formation. Portions of the 
beam ofX-rays traversing the body beeome attenuated to varying degrees 
based on tissue thiekness and density. The beam is diminished by structures 
that absorb or refìeet it, causing less reaetion on the fìlm or by the deteetor 
eompared vvith areas that allovvthe beam to pass relatively uninterrupted. 


a PA projeetion.) For lateral radiographs, radiopaque letters 
(R or L) are nsed to indieate the side plaeed elosest to the 
film or deteetor, and the image is viewed from the same 
direetion that the beam was projeeted (Fig. I.51B). 

The introdnetion of eontrast media (radiopaque flnids sneh 
as iodine eomponnds or barinm) allows the stndy of varions 
Inminal or vasenlar organs and potential or aetnal spaees— 
sneh as the digestive traet, blood vessels, kidneys, synovial 
eavities, and the snbaraehnoid spaee—that are not visible 
in plain fllms (Fig. 1.52). Most radiologie examinations are 
performed in at least two projeetions at right angles to eaeh 
other. Beeanse eaeh radiograph presents a two-dimensional 
representation of a three-dimensional strnetnre, strnetnres 
sequentially penetrated by the X-ray beam overlap eaeh 
other. Thns more than one view is nsnally neeessary to deteet 
and loealize an abnormality aeenrately. 

Computed Tomography 

In eompnted tomography (CT), the seans show radiographie 
images of the body that resemble transverse anatomieal see- 
tions (Fig. 1.53). In this teehnique, a beam of X-rays passes 
throngh the body as the X-ray tnbe and deteetor rotate aronnd 
the axis of the body. Mnltiple overlapping radial energy 
absorptions are measnred, reeorded, and eompared by a 
eompnter to determine the radiodensity of eaeh volnmetrie 
pixel {voxel) of the ehosen body plane. The radiodensity of 



FIGIJRE 1.51. Orientation of patient’s thorax during radiography. 

A. When taking a PA projeetion, the X-rays from the X-ray tube pass through 
the thorax from the baek to reaeh the X-ray fìlm or deteetor anterior to the 
person. B. When taking a lateral projeetion, the X-rays pass through the tho- 
rax from the side to reaeh the X-ray fìlm adjaeent to the person's other side. 


(amonnt of radiation absorbed by) eaeh voxel is determined 
by faetors that inelnde the amonnt of air, water, fat, or bone 
in that element. The eompnter maps the voxels into a planar 
image (sliee) that is displayed on a monitor or printont. CT 
images relate well to eonventional radiographs, in that areas 
of great absorption (e.g., bone) are relatively transparent 
(white) and those with little absorption are blaek (Fig. 1.53). 
CT seans are always displayed as if the viewer were standing 
at a snpine patient s feet—i.e., from an inferior view. 

IJltrasonography 

IJltrasonography (US) is a teehnique that visnalizes snperfleial 
or deep strnetnres in the body by reeording pnlses of nltra- 
sonie waves refleeting off the tissnes (Fig. 1.54). US has the 
advantage of a lower eost than CT and MRI, and the maehine 
is portable. The technique ean be performed virtnally any- 
where, inelnding the elinie examination room, bedside, or 
on the operating table. A transdneer in eontaet with the skin 
generates high-frequency soundwaves that pass throngh the 
body and refleet off tissne interfaees between tissnes of differ- 
ing eharaeteristies, sneh as soft tissne and bone. Eehoes from 
the body refleet into the transdneer and eonvert to eleetrieal 
energy. The eleetrieal signals are reeorded and displayed on 
a monitor as a eross-seetional image, which ean be viewed in 
real time and reeorded as a single image or on videotape. 

A major advantage of US is its ability to prodnee real-time 
images, demonstrating motion of strnetnres and flow within 
blood vessels. In Doppler nltrasonography, the shifts in fre- 
quency between emitted nltrasonie waves and their eehoes 
are nsed to measnre the veloeities of moving objeets. This 
technique is based on the prineiple of the Doppler effeet. 
Blood flow throngh vessels is displayed in eolor, snperim- 
posed on the two-dimensional eross-seetional image. 
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FIGIJRE 1.52. Radìograph of stomaeh, small ìntestìne, and gallbladder. Observe the gastrie folds, or rugae (longitudinal folds ofthe mucous mem- 
brane). Also note the peristaltie wave that is moving the gastrie eontents toward the duodenum, which is elosely related to the gallbladder. (Courtesy of 
Dr.J. Heslin, Toronto, ON, Canada.) 


Seanning of the pelvie viseera from the snrfaee of the 
abdomen requires a fnlly distended bladder. The nrine 
serves as an “aeonstieal window,” transmitting soundwaves to 
and from the posteriorly plaeed pelvie viseera with minimal 
attennation. The distended bladder also displaees gas-filled 
intestinal loops ont of the pelvis. Transvaginal sonogra- 
phy permits the positioning of the transdneer eloser to the 
organ of interest (e.g., the ovary) and avoids fat and gas, 
which absorb or refieet soundwaves. Bone refieets nearly all 
nltrasonnd waves, whereas air eondnets them poorly. Con- 
sequently, US is not generally nsed for examining the CNS 
and aerated Inngs of adnlts. 

The appeal of nltrasonography in obstetries is that it is a 
non-invasive proeednre that does not nse radiation; it ean 
yield nsefnl information abont the pregnaney, sneh as deter- 
mining whether it is intra-nterine or extra-uterine (eetopie) 
and whether the embryo or fetns is living. It has also beeome 
a standard method of evalnating the growth and develop- 
ment of the embryo and fetns. 

Magnetie Resonanee Imaging 

Magnetie resonanee imaging (MRI) provides images of 
the body similar to those of CT seans, bnt MRI is better for 
tissne differentiation. MRI stndies elosely resemble ana- 


tomieal seetions, espeeially of the brain (Fig. 1.55). The per- 
son is plaeed in a seanner with a strong magnetie field, and the 
body is pnlsed with radiowaves. Signals subsequently emit- 
ted from the patient’s tissnes are stored in a eompnter and 
reeonstrneted into varions images of the body. The appear- 
anee of tissnes on the generated images ean be varied by 
eontrolling how radiofrequency pnlses are sent and reeeived. 

Free protons in the tissnes that beeome aligned by the 
snrronnding magnetie field are excited (fiipped) with a radio- 
wave pnlse. As the protons fiip baek, minnte bnt measnrable 
energy signals are emitted. Tissnes that are high in proton 
density, sneh as fat and water, emit more signals than tissnes 
that are low in proton density. The tissne signal is based pri- 
marily on three properties of protons in a partienlar region 
of the body. These are referred to as T1 and T2 relaxation 
(prodneing Tl- and T2-weighted images), and proton den- 
sity. Althongh liqmds have a high density of free protons, the 
excited free protons in moving finids sneh as blood tend to 
move ont of the field before they fiip and give off their signal 
and are replaeed by unexcited protons. Consequently, mov- 
ing finids appear blaek in Tl-weighted images. 

Computers assoeiated with MRI seanners have the 
eapaeity to reeonstrnet tissnes in any plane from the data 
acquired: transverse, median, sagittal, frontal, and even arbi- 
trary oblique planes. The data may also be nsed to generate 
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FIGITRE 1.53. Technique for producing a CT sean. The X-ray tube rotates around the person in the CT seanner and sends a fan-shaped beam ofX-rays 
through the upper abdomen from a variety of angles. X-ray deteetors on the opposite side of the body measure the amount of radiation that passes through 
a horizontal seetion. A computer reconstructs the images from several seans, and a CT sean is produced. The sean is oriented so it appears the vvay an exam- 
iner would view it when standing at the foot ofthe bed and looking toward a supine person’s head. 
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FIGIJRE 1.54. Technique for producing an ultrasound image of the upper abdomen. The image results from the eeho of ultrasound waves from abdomi- 
nal structures of difìFerent densities. The image ofìthe right kidney is displayed on a monitor. 
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FIGIJRE 1.55. Medìan MRI of head. Many details of the CNS and struc- 
tures in the nasal and oral eavities and upper neek are seen in this study. 
The blaek low-signal areas superior to the anterior and posterior aspeets of 
the nasal eavity are the air-filled frontal and sphenoidal sinuses. 


three-dimensional reeonstrnetions. MRI seanners prodnee 
good images of soft tissnes without the use of ionizing radia- 
tion. Motion made by the patient during long seanning ses- 
sions ereated problems for early-generation seanners, but fast 
seanners now in use ean be gated or paeed to visnalize moving 
structures, such as the heart and blood flow, in real time. 

Nuclear Medieine Imaging 

Nnelear medieine imaging techniques provide information 
about the distribution or eoneentration of traee amonnts 
of radioaetive snbstanees introdneed into the body. Nnelear 
medieine seans show images of speeifle organs after intrave- 
nous (IV) injeetion of a small dose of radioaetive material. 
The radionnelide is tagged to a eomponnd that is seleetively 
taken up by an organ, such as technetium-99m methylene 
diphosphonate (^^™Tc-MDP) for bone seanning (Fig. 1.56). 

Positron emìssìon tomography (PET) seanning uses eyelo- 
tron-produced isotopes of extremely short half-life that emit 
positrons. PET seanning is used to evaluate the physiologie 




FIGITRE 1.56. Bone seans of head and neek, thorax, and pelvìs. These 
nuclear medieine images ean be viewed as a whole or in eross seetion. 


fimetion of organs, such as the brain, on a dynamie basis. 
Areas of inereased brain aetivity will show seleetive uptake 
of the injeeted isotope. Images ean be viewed as the whole 
organ or in eross seetions. Single-photon emission eompnted 
tomography (SPEGT) seans are similar but use longer lasting 
traeers. They are less eostly, but require more time and have 
lower resolntion. 


The Bottom Lìne 


MEDIGAL IMAGING TECHNIQUES 

primary goal of medieal imaging is, ofeonrse, to deteet 
pathology. Hovvever, a sound knovvledge of radiologie anat- 
omy is required to distinguish pathologies and abnormali- 
ties from normal anatomy. 


Medieal imaging techniques enable the visualization of anat- 
omy in living people. These techniques enable structures to 
be examined with their normal tonus, fluid volumes, internal 
pressures, ete., which are not present in the eadaver. The 


Board-revìew questìons, ease studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 
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OVERVIEW OF THORAX 

The thorax is the part of the body betvveen the neek and 
abdomen. Gommonly the term ehest is nsed as a synonym 
for thorax, bnt the ehest is mneh more extensive than the 
thoraeie wall and eavity eontained within it. The ehest is 
generally eoneeived as the snperior part of the trnnk that 
is broadest snperiorly owing to the presenee of the peetoral 
(shonlder) girdle (elavieles and seapnlae), with mneh of its 
girth aeeonnted for by the peetoral and seapnlar mnsenlatnre 
and, in adnlt females, the breasts. 

The thoraeie eavity and its wall have the shape of a trnn- 
eated eone, being narrowest snperiorly, with the eirenmfer- 
enee inereasing inferiorly, and reaehing its maximum size at 
the jnnetion with the abdominal portion of the trnnk. The toall 
of the thoraeie eavity is relatively thin, essentially as thiek as 
its skeleton. The thoraeie skeleton takes the form of a domed 
birdeage. The thoraeie eage (rib eage), with the horizontal 
bars formed by ribs and eostal eartilages, is also snpported by 
the vertieal sternnm (breastbone) and thoraeie vertebrae (Fig. 
1.1). Fnrthermore, the floor of the thoraeie eavity (thoraeie 
diaphragm) is deeply invaginated inferiorly (i.e., is pnshed 
upward) by viseera of the abdominal eavity. Consequently, 
nearly the lower half of the thoraeie wall snrronnds and pro- 
teets abdominal rather than thoraeie viseera (e.g., liver). Thns 
the thorax and its eavity are mneh smaller than one might 
expect based on external appearanees of the ehest. 

The thorax inelndes the primary organs of the respiratory 
and eardiovasenlar systems. The thoraeie eavity is divided 
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into three major spaees: the eentral eompartment or medi- 
astinnm that honses the thoraeie viseera except for the Inngs 
and, on eaeh side, the right and left pnlmonary eavities hons- 
ing the Inngs. 

The majority of the thoraeie eavity is oeenpied by the 
Inngs, which provide for the exchange of oxygen and earbon 
dioxide between the air and blood. Most of the remainder 
of the thoraeie eavity is oeenpied by the heart and strnetnres 
involved in eondneting the air and blood to and from the 
Inngs. Additionally, nntrients (food) traverse the thoraeie 
eavity via the esophagns, passing from the site of entry in the 
head to the site of digestion and absorption in the abdomen. 

Althongh in terms of fnnetion and development the mam- 
mary glands are most related to the reprodnetive system, the 
breasts are loeated on and are typieally disseeted with the 
thoraeie wall; thns they are inelnded in this ehapter. 

THORAGie WALL 


The trne thoraeie wall inelndes the thoraeie eage and the 
mnseles that extend between the ribs as well as the skin, snb- 
entaneons tissne, mnseles, and faseia eovering its anterolat- 
eral aspeet. The same strnetnres eovering its posterior aspeet 
are eonsidered to belong to the baek. The mammary glands 
of the breasts lie within the snbentaneons tissne of the tho- 
raeie wall. The anterolateral axio-appendicular mnseles (see 
ehapter 6) that overlie the thoraeie eage and form the bed of 
the breast are eneonntered in the thoraeie wall and may be 





ehapter 1 • Thorax 


73 


1st thoraeie vertebra 


ni/l/^i il n K l/>lr\ + 




Synehondrosis of Ist rib 


eiaviele 




Left half 
^ of peetoral 
girdle 


?yScapulaJ 

Manubriunn of sternom 

2nd rib and eostal 
eartilage 

Sternal angle 
eostoehondral joint 


Body of sternum 


Gostal eartilage 


Xiphoid proeess of sternum 
Intereostal spaee (6th) 
Infrasternal (subcostal) angle 


8th rib 


Gostal margins 


lOth rib 


ribs (11 



vertebra 


(A) Anterior view 


r 


eiavide 


Spine of 
scaDula Istrib 


Ist thoraeie vertebra 


Left half 
of peetoral ^ 
girdle 


Scapula 


V 


Inferior angle of 
scapula 



7th rib 


12th rib 



Angle of 9th rib 


Intereostal spaee 
(9th) 


Floating ribs 
( 11 - 12 ) 


(B) Posterior view 


vertebra 


FIGIJRE 1.1. Thoraeie skeleton. The osteocartilaginous thoraeie eage includes the sternum, 12 pairs of ribs and eostal eartilages, and 12 thoraeie verte- 
brae and intervertebral dises. The elavieles and scapulae form the peetoral (shoulder) girdle, one side of which is included here to demonstrate the relation- 
ship between the thoraeie (axial) and upper limb (appendicular) skeletons. The red dotted line indieates the position of the diaphragm, which separates the 
thoraeie and abdominal eavities. 
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eonsidered part of it, bnt are distinetly npper limb mnseles 
based on fnnetion and innervation. They will be mentioned 
only briefly here. 

The domed shape of the thoraeie eage provides remark- 
able rigidity, given the light weight of its eomponents, 
enabling it to: 

• Proteet vital thoraeie and abdominal organs (most air or 
flnid fllled) from external forees. 

• Resist the negative (snb-atmospherie) internal pressnres 
generated by the elastie reeoil of the Inngs and inspiratory 
movements. 

• Provide attaehment for and snpport the weight of the 
npper limbs. 

• Provide the anehoring attaehment (origin) of many of 
the mnseles that move and maintain the position of the 
npper limbs relative to the trnnk, as well as provide the 
attaehments for mnseles of the abdomen, neek, baek, and 
respiration. 

Althongh the shape of the thoraeie eage provides rigid- 
ity, its joints and the thinness and flevibility of the ribs 
allow it to absorb many external blows and eompressions 
without fraetnre and to ehange its shape for respiration. 
Beeanse the most important strnetnres within the thorax 
(heart, great vessels, Inngs, and traehea), as well as its floor 
and walls, are eonstantly in motion, the thorax is one of 
the most dynamie regions of the body. With eaeh breath, 
the mnseles of the thoraeie wall—working in eoneert with 
the diaphragm and mnseles of the abdominal wall—vary 
the volnme of the thoraeie eavity, flrst by expanding the 
eapaeity of the eavity, thereby eansing the Inngs to expand 
and draw air in and then, dne to Inng elastieity and mnsele 
relaxation, deereasing the volnme of the eavity and eansing 
them to expel air. 


The Bottom Lìne 


OVERVIEW OF THORAX 

The thorax, eonsisting of the thoraeie eavity, its eontents, 
and the wall that surrounds it, is the part of the trunk 
between the neek and abdomen. ♦ The shape and size 
of the thoraeie eavity and thoraeie wall are different 
from that of the ehest (upper trunk or torso) because the 
latter includes some upper limb bones and muscles and, 
in adult females, the breasts. ♦ The thorax includes the 
primary organs of the respiratory and cardiovascular 
systems. ♦ The thoraeie eavity is divided into three 
eompartments: the eentral mediastinum, occupied by 
the heart and structures transporting air, blood, and 
food; and the right and left pulmonary eavities, occupied 
by the lungs. 


Skeleton of Thoraeie Wall 

The thoraeie skeleton forms the osteoeartilaginons thoraeie 
eage (Fig. 1.1), which proteets the thoraeie viseera and some 
abdominal organs. The thoraeie skeleton inelndes 12 pairs 
of ribs and assoeiated eostal eartilages, 12 thoraeie vertebrae 
and the intervertebral (IV) dises interposed between them, 
and the sternnm. The ribs and eostal eartilages form the larg- 
est part of the thoraeie eage; both are identifled nnmerieally, 
from the most snperior (Ist rib or eostal eartilage) to the most 
inferior (12th). 

RIBS, eOSTAL GARTILAGES, 

AND INTERGOSTAL SPAGES 

Ribs (L. eostae) are enrved, flat bones that form most of the 
thoraeie eage (Figs. 1.1 and 1.2). They are remarkably light 
in weight yet highly resilient. Eaeh rib has a spongy interior 
eontaining hone marroiv (hematopoietie tissne), which forms 
blood eells. There are three types of rihs that ean be elassifled 
as typieal or atypieal: 

1. True (vertebrosternal) ribs (lst-7th ribs): They attaeh 
direetly to the sternnm throngh their own eostal earti- 
lages. 

2. False (vertebroebondral) ribs (8th, 9th, and nsnally 
lOth ribs): Their eartilages are eonneeted to the eartilage 
of the rib above them; thns their eonneetion with the ster- 
nnm is indireet. 

3. Floating (vertebral, free) ribs (llth, 12th, and some- 
times lOth ribs): The rndimentary eartilages of these ribs 
do not eonneet even indireetly with the sternnm; instead 
they end in the posterior abdominal mnsenlatnre. 

Typieal ribs (3rd-9th) have the following eomponents: 

• Head; wedge-shaped and has two faeets, separated by 
the erest of tbe bead (Figs. 1.2 and 1.3); one faeet for 
artienlation with the nnmerieally eorresponding vertebra 
and one faeet for the vertebra snperior to it. 

• Neek; eonneets the head of the rib with the body at the 
level of the tnberele. 

• Tnberele; loeated at the jnnetion of the neek and body; 
a smooth artienlar part artienlates with the eorrespond- 
ing transverse proeess of the vertebra, and a rongh non- 
artienlar part provides attaehment for the eostotransverse 
ligament (see Fig. 1.8B). 

• Body (shaft): thin, flat, and enrved, most markedly at the 
eostal angle where the rib tnrns anterolaterally. The angle 
also demareates the lateral limit of attaehment of the deep 
baek mnseles to the ribs (see Table 4.6 in Ghapter 4). The 
eoneave internal snrfaee of the body has a eostal groove 
paralleling the inferior border of the rib, which provides 
some proteetion for the intereostal nerve and vessels. 

Atypieal ribs (Ist, 2nd, and 10th-12th) are dissimilar (Fig. 1.3): 

• The Ist rib is the broadest (i.e., its body is widest and 
nearly horizontal), shortest, and most sharply enrved of 
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FIGIJRE 1.2. Typieal ribs. A. The 3rd-9th ribs have eommon eharaeteristies. Eaeh rib has a head, neek, tubercle, and body (shaft). B. Cross seetion of 
the midbody of a rib. 
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FIGURE 1.3. Atypieal ribs. The atypieal 1st, 2nd, 11th, and 12th ribs differ from typieal ribs (e.g., the 8th rib, shovvn in eenter) 
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the seven trne ribs. It has a single faeet on its head for 
artienlation with the T1 vertebra only and two transversely 
direeted grooves erossing its snperior snrfaee for the snb- 
elavian vessels; the grooves are separated by a sealene 
tnberele and ridge, to whieh the anterior sealene mnsele 
is attaehed. 

• The 2nd rib is has a thinner, less enrved body and is snb- 
stantially longer than the Ist rib. Its head has two faeets for 
artienlation with the bodies of the T1 and T2 vertebrae; its 
main atypieal featnre is a rongh area on its npper snrfaee, 

the tnberosity for serratns anterior, from which part 
of that mnsele originates. 

• The 10th-12th rìhs, like the Ist rib, have only one faeet on 
their heads and artienlate with a single vertebra. 

• The llth and 12th rihs are short and have no neek or 
tnberele. 

Gostal eartilages prolong the ribs anteriorly and eontribnte 
to the elastieity of the thoraeie wall, providing a flexible attaeh- 
ment for their anterior ends (tips). The eartilages inerease in 
length throngh the flrst 7 and then gradnally deerease. The 
flrst 7 eostal eartilages attaeh direetly and independently to 
the sternnm; the 8th, 9th, and lOth artienlate with the eos- 
tal eartilages jnst snperior to them, forming a eontinnons, 
artienlated, eartilaginons eostal margin (Fig. I.IA; see also 
Fig. 1.13). The llth and 12th eostal eartilages form eaps on 
the anterior ends of the eorresponding ribs and do not reaeh 
or attaeh to any other bone or eartilage. The eostal eartilages 
of ribs 1-10 elearly anehor the anterior end of the rib to the 
sternnm, limiting its overall movement as the posterior end 
rotates aronnd the transverse axis of the rib (Fig. 1.5). 

intereostal spaees separate the ribs and their eostal ear- 
tilag es from one another (Fig. I.IA). The spaees are named 
aeeording to the rib forming the snperior border of the 
spaee—for example, the 4th intereostal spaee lies between 
ribs 4 and 5. There are 11 intereostal spaees and 11 inter- 
eostal nerves. intereostal spaees are oeenpied by intereostal 
mnseles and membranes, and two sets (main and eollateral) 
of intereostal blood vessels and nerves, identifled by the same 
nnmber assigned to the spaee. The spaee below the 12th rib 
does not lie between ribs and thns is referred to as the sub- 
eostal spaee, and the anterior ramns (braneh) of spinal nerve 
T12 is the snbeostal nerve. The intereostal spaees are widest 
anterolaterally, and they widen fnrther with inspiration. They 
ean also be fnrther widened by extension and/or lateral flex- 
ion of the thoraeie vertebral eolnmn to the eontralateral side. 

THORAGie VERTEBRAE 

Most thoraeie vertebrae are typieal in that they are inde- 
pendent, have bodies, vertebral arehes, and seven proeesses 
for mnsenlar and artienlar eonneetions (Figs. 1.4 and 1.5). 
eharaeteristie featnres of thoraeie vertebrae inelnde: 

• Bilateral eostalfaeets (demìfaeets) on the vertehral hodies, 
nsnally oeenrring in inferior and snperior pairs, for artien- 
lation with the heads of ribs. 


Costal faeets on the transverse proeesses for artienlation 
with the tnbereles of ribs, except for the inferior two or 
three thoraeie vertebrae. 

Long, inferiorly slanting spinons proeesses. 


Superior and inferior eostal faeets, most of which are 
small demifaeets, oeenr as bilaterally paired, planar snrfaees 
on the snperior and inferior posterolateral margins of the 
bodies of typieal thoraeie vertebrae (T2-T9). Fnnetionally, 
the faeets are arranged in pairs on adjaeent vertebrae, flank- 
ing an interposed IV dise: an inferior (demi)faeet of the 
snperior vertebra and a snperior (demi)faeet of the inferior 
vertebra. Typieally, two demifaeets paired in this manner 
and the posterolateral margin of the IV dise between them 
form a single soeket to reeeive the head of the rib of the 
same identifying nnmber as the inferior vertebra (e.g., head 
of rib 6 with the snperior eostal faeet of vertebra Td). Atypi- 
eal thoraeie vertebrae bear whole eostal faeets in plaee of 
demifaeets: 


• The snperior eostal faeets of vertebra T1 are not demifae- 
ets beeanse there are no demifaeets on the C7 vertebra 
above, and rib 1 artienlates only with vertebra Tl. T1 has 
a typieal inferior eostal (demi)faeet. 

• TIO has only one bilateral pair of (whole) eostal faeets, 
loeated partly on its body and partly on its pediele. 

• Tll and T12 also have only a single pair of (whole) eostal 
faeets, loeated on their pedieles. 

The spinons proeesses projeeting from the vertebral 
arehes of typieal thoraeie vertebrae (e.g., vertebrae T6 or 
T7) are long and slope inferiorly, nsnally overlapping the 
vertebra below (Figs. 1.4D and 1.5). They eover the inter- 
vals between the laminae of adjaeent vertebrae, thereby 
preventing sharp objeets sneh as a knife from entering the 
vertehral eanal and injnring the spinal eord. The convex 
snperior artienlar faeets of the snperior artienlar proeesses 
faee mainly posteriorly and slightly laterally, whereas the 
eoneave inferior artienlar faeets of the inferior artienlar 
proeesses faee mainly anteriorly and slightly medially. 
The bilateral joint planes between the respeetive artien- 
lar faeets of adjaeent thoraeie vertebrae deflne an are, 
eentering on an axis of rotation within the vertebral body 
(Fig. 1.4A-C). Thns small rotatory movements are permit- 
ted between adjaeent vertebrae, limited by the attaehed 
rib eage. 


THE STERNUM 

The sternum (G. sternon, ehest) is the flat, elongated bone 
that forms the middle of the anterior part of the thoraeie 
eage (Fig. 1.6). It direetly overlies and affords proteetion 
for mediastinal viseera in general and mneh of the heart 
in partienlar. The sternnm eonsists of three parts: mann- 
brinm, body, and xiphoid proeess. In adoleseents and yonng 
adnlts, the three parts are eonneeted together by eartilagi- 
nons joints (synehondroses) that ossify dnring middle to late 
adnlthood. 
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FIGIJRE 1.4. Thoraeie vertebrae. A. T1 has a vertebral foramen and body similar in size and shape to a eervieal vertebra. B. T5-T9 vertebrae have typieal 
eharaeteristies ofthoraeie vertebrae. C. T12 has bony proeesses and a body size similar to a lumbar vertebra. The planes ofthe articular faeets ofthoraeie 
vertebrae define an are {redarrows) that eenters on an axis traversing the vertebral bodies vertieally. D. Superior and inferior eostal faeets (demifaeets) on 
the vertebral body and eostal faeets on the transverse proeesses. Long sloping spinous proeesses are eharaeteristie ofthoraeie vertebrae. 
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FIGIJRE 1.5. Gostovertebral articulations of a typieal rib. The eostovertebral joints include the joint of head of rib, in which the head articulates with two 
adjaeent vertebral bodies and the intervertebral dise between them, and the eostotransverse joint, in which the tubercle ofthe rib articulates with the trans- 
verse proeess of a vertebra. The rib moves (elevates and depresses) around an axis that traverses the head and neek of the rib {arrows). 
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FIGIJRE 1.6. Stemum. A. The thin, broad membranous bands ofthe radiate sternoeostal ligaments pass from the eostal eartilages to the anterior and 
posterior surfaces of the sternum—is shovvn on the upper right side. B. Observe the thiekness of the superior third of the manubrium betvveen the clavicular 
notehes. C. The relationship of the sternum to the vertebral column is shovvn. 


The manubrium (L. handle, as in the handle of a sword, 
with the sternal body forming the blade) is a ronghly trape- 
zoidal bone. The mannbrinm is the widest and thiekest of the 
three parts of the sternnm. The easily palpated eoneave een- 
ter of the snperior border of the mannbrinm is the jugular 
noteh (snprastemal noteh). The noteh is deepened by the 
medial (sternal) ends of the elavieles, which are mneh larger 
than the relatively small elavienlar notehes in the mannbrinm 
that reeeive them, forming the sternoelavìenlar (SC) joints 
(Fig. I.IA). Inferolateral to the elavienlar noteh, the eostal ear- 
tilage of the Ist rib is tightly attaehed to the lateral border of the 
mannbrinm—^the synehondrosis of the fìrst rib (Figs. I.IA 
and 1.6A). The mannbrinm and body of the sternnm lie in 
slightly different planes snperior and inferior to their jnnetion, 
the mannbriostemal joint (Fig. 1.6A & B); henee, their jnne- 
tion forms a projeeting stemal angle (of Lonis). 

The body of the stemnm, is longer, narrower, and thinner 
than the mannbrinm, and is loeated at the level of the T5-T9 
vertebrae (Fig. 1.6A-C). Its width varies beeanse of the seal- 
loping of its lateral borders by the eostal notehes. In yonng 
people, fonr sternehrae (primordial segments of the sternnm) 
are obvions. The sternebrae artienlate with eaeh other at pri- 
mary eartilaginons joints {stemal synehondroses). These joints 
begin to fnse from the inferior end between pnberty (sexual 
matnrity) and age 25. The nearly flat anterior snrfaee of the 
body of the sternnm is marked in adnlts by three variable 
transverse ridges (Fig. 1.6A), which represent the lines of 
fnsion (synostosis) of its fonr originally separate sternebrae. 


The xiphoid proeess, the smallest and most variable part 
of the sternnm, is thin and elongated. Its inferior end lies at 
the level of TIO vertebra. Althongh often pointed, the pro- 
eess may be blnnt, bifld, enrved, or defleeted to one side or 
anteriorly. It is eartilaginons in yonng people bnt more or less 
ossifled in adnlts older than age 40. In elderly people, the 
xiphoid proeess may fnse with the sternal body. 

The xiphoid proeess is an important landmark in the 
median plane beeanse 


Its jnnetion with the sternal body at the xiphistemal joint 
indieates the inferior limit of the eentral part of the thoraeie 
eavity projeeted onto the anterior body wall; this joint is also 
the site of the infrasternal angle (snbeostal angle) formed 
by the right and left eostal margins (Fig. I.IA). 

It is a midline marker for the snperior limit of the liver, the 
eentral tendon of the diaphragm, and the inferior border 
of the heart. 


Thoraeie Apertures 

While the thoraeie eage provides a eomplete wall peripherally, 
it is open snperiorly and inferiorly. The mneh smaller snperior 
opening (apertnre) is a passageway that allows eommnnieation 
with the neek and npper limbs. The larger inferior opening 
provides the ring-like origin of the diaphragm, which eom- 
pletely oeelndes the opening. Excursions of the diaphragm 
primarily eontrol the volnme/internal pressnre of the thoraeie 
eavity, providing the basis for tidal respiration (air exchange). 
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FIGIJRE 1.7. Thoraeie apertures. The superior thoraeie aperture is the 
“doorvvay” betvveen the thoraeie eavity and the neek and upper limb. The 
inferior thoraeie aperture provides attaehment forthe diaphragm, vvhieh 
protrudes upv\/ard so that upper abdominal viseera (e.g., liver) reeeive 
proteetion from the thoraeie eage. The continuous cartilaginous bar 
formed by the articulated eartilages of the 7th-1 Oth (false) ribs forms the 
eostal margin. 


SUPERIOR THORAGie APERTURE 

The superior thoraeie apertare is bounded (Fig. 1.7): 

• Posteriorly, by vertebra Tl, the body of which protrudes 
anteriorly into the opening. 

• Laterally, by the Ist pair of ribs and their eostal eartilages. 

• Anteriorly, by the snperior border of the manubrium. 

Structures that pass between the thoraeie eavity and the neek 
throngh the oblique, kidney-shaped snperior thoraeie aper- 
ture include the traehea, esophagus, nerves, and vessels that 
snpply and drain the head, neek, and upper limbs. 

The adult superior thoraeie aperture measures approxi- 
mately 6.5 em anteroposteriorly and 11 em transversely. To 
visnalize the size of this opening, note that this is slightly 
larger than neeessary to allow the passage of a 2-ineh x 4-ineh 
pieee of Inmber. Beeanse of the obliquity of the Ist pair of 
ribs, the aperture slopes antero-inferiorly. 

INFERIOR THORAGie APERTURE 

The inferior thoraeie apertnre, the anatomieal thoraeie 
ontlet, is bonnded as follows: 

• Posteriorly, by the 12th thoraeie vertebra, the body of 
which protrndes anteriorly into the opening. 

• Posterolaterally, by the llth and 12th pairs of ribs. 

• Anterolaterally, by the joined eostal eartilages of ribs 7-10, 
forming the eostal margins. 

• Anteriorly, by the xiphisternal joint. 


The inferior thoraeie apertnre is much more spacious than 
the snperior thoraeie apertnre and is irregnlar in ontline. It 
is also oblique because the posterior thoraeie wall is much 
longer than the anterior wall. By elosing the inferior thoraeie 
apertnre, the diaphragm separates the thoraeie and abdomi- 
nal eavities almost eompletely. Structures passing from or to 
the thorax to or from the abdomen pass throngh openings 
that traverse the diaphragm (e.g., esophagns and inferior 
vena eava), or pass posterior to it (e.g., aorta). 

Just as the size of the thoraeie eavity (or its eontents) 
is often overestimated, its inferior extent (eorrespond- 
ing to the bonndary between the thoraeie and abdomi- 
nal eavities) is often ineorreetly estimated beeanse of the 
diserepaney between the inferior thoraeie apertnre and 
the loeation of the diaphragm (floor of the thoraeie eav- 
ity) in living persons. Althongh the diaphragm takes ori- 
gin from the structures that make up the inferior thoraeie 
apertnre, the domes of the diaphragm rise to the level of 
the 4th intereostal spaee, and abdominal viseera, inelnding 
the liver, spleen, and stomaeh, lie snperior to the plane 
of the inferior thoraeie apertnre, within the thoraeie wall 

(Fig. I.IA&B). 

Joìnts of Thoraeie Wall 

Althongh movements of the joints of the thoraeie wall 
are frequent—for example, in assoeiation with normal 
respiration—the range of movement at the individnal joints 
is relatively small. Nonetheless, any distnrbanee that rednees 
the mobility of these joints interferes with respiration. Dur- 
ing deep breathing, the excursions of the thoraeie eage (ante- 
riorly, snperiorly, or laterally) are eonsiderable. Extending 
the vertebral eolnmn fnrther inereases the anteroposterior 
(AP) diameter of the thorax. The joints of the thoraeie wall 
are illnstrated in Fignre 1.8. The type, partieipating artienlar 
snrfaees, and ligaments of the joints of the thoraeie wall are 
provided in Table 1.1. 

The intervertehral joints between the bodies of adjaeent 
vertebrae are joined by longitndinal ligaments and inter- 
vertehral dises. These joints are disenssed with the baek 
in ehapter 4; the sternoelavienlar joints are disenssed in 
ehapter 6. 

eOSTOVERTEBRAL JOINTS 

A typieal rib artienlates posteriorly with the vertebral eolnmn 
at two joints, the joints of heads of ribs and eostotransverse 

joints (Fig. 1.5). 

Joínts of Heads of Ribs. The head of the rih artien- 
lates with the snperior eostal faeet of the eorresponding 
(same-numbered) vertebra, the inferior eostal faeet of the 
vertebra superior to it, and the adjaeent intervertebral (IV) 
dise nniting the two vertebrae (Figs. 1.4 and 1.8A). For 
example, the head of the 6th rib artienlates with the supe- 
rior eostal faeet of the body of the T6 vertebra, the inferior 
eostal faeet of T5, and the IV dise between these vertebrae. 
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FIGITRE 1.8. Joìnts of thoraeìe wall. 


TABLE 1.1. JOINTS OF THORACIC WALL 


J oint 

Type 

Articulation 

Ligaments 

Gomments 

Intervertebral 

(of vertebrae 

T1-T12) 

Symphysis 

(seeondary 

cartilaginous) 

Adjaeent vertebral bodies bound 
together by IV dise 

Anterior and posterior 
longitudinal 

Movement mostly limited to 
small degrees of rotation 

Gostovertebral 

J oints of head 
of rib 

Gostotransverse 

Synovial plane 
joint 

Head of eaeh rib with superiordemi 
or eostal faeet of vertebral body of 
same numberand inferiordemi- or 
eostal faeetof vertebral body supe- 
riorto itand IV dise between them 

Tubercle of rib with transverse 
proeess of vertebra of same 
number 

Radiate and intra- 
articular ligaments of 
head of rib 

Gostotransverse; 
lateral and superior 
eostotransverse 

Heads of Ist, llth, and 12th 
ribs (sometimeslOth) articulate 
only with vertebral body of 
same number 

llth and 12th ribs do notartie- 
ulate with transverse proeess 
of vertebrae of same number 

Gostoehondral 

Primary (hyaline) 
cartilaginous joint 

Lateral end of eostal eartilage 
with sternal end of rib 

Gartilage and bone 
bound together by 
periosteum 

No movement normally occurs 
atthis joint; eostal 
eartilage provides flexibility 

interehondral 

Synovial plane joint 

Between eostal eartilages of 6th 
and 7th, 7th and 8th, and 8th and 

9th ribs 

interehondral 

ligaments 

Articulation between eostal 
eartilages of 9th and lOth ribs 
is fibrous 

Sternoeostal 

Ist: primary 
cartilaginous joint 
(synehondrosis) 

2nd-7th: synovial 
plane joint 

Articulation of Ist eostal eartilages 
with manubrium of sternum 

Articulation of the 2nd-7th pairs 
of eostal eartilages with sternum 

Anterior and posterior 
radiate sternoeostal; 
intra-articular 

Articular eavities often absent; 
fibroeartilage eovers articular 
surfaces 

Sternoclavicular 

Saddle type of 
synovial joint 

Sternal end of elaviele with manu- 
brium of sternum and isteostal 
eartilage 

Anteriorand posterior 
sternoclavicular; eosto- 
clavicular 

This joint is divided into two 
eompartments by an articular 
dise 

Manubriosternal 

Seeondary 
cartilaginous joint 
(symphysis) 

Articulation between manubrium 
and body of sternum 


These joints often fuse and 
beeome synostoses in older 
individuals 

Xiphisternal 

Primary cartilaginous 
joint(synehondrosis) 

Articulation between xiphoid pro- 
eess and body of sternum 



IV, intervertebral. 
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The erest of the head of the rib attaehes to the IV dise by an 
intra-articular ligament of head of rib within the joint, 
dividing the enelosed spaee into two synovial eavities. 

The fihrons layer of the joint eapsnle is strongest ante- 
riorly, where it forms a radiate ligament of head of rib 
that fans ont from the anterior margin of the head of the rib 
to the sides of the bodies of two vertebrae and the IV dise 
between them (Fig. 1.8A & B). The heads of the ribs eon- 
neet so elosely to the vertebral bodies that only slight gliding 
movements oeenr at the (demi)faeets (pivoting aronnd the 
intra-artienlar ligament) of the joints of the heads of ribs; how- 
ever, even slight movement here may prodnee a relatively 
large excursion of the distal (sternal or anterior) end of a rib. 

Gostotransverse Joìnts. Abnndant ligaments lateral to 
the posterior parts (vertebral arehes) of the vertebrae provide 
strength to and limit the movements of these joints, which 
have only thin joint eapsnles. A eostotransverse ligament 
passing from the neek of the rib to the transverse proeess and 
a lateral eostotransverse ligament passing from the tnber- 
ele of the rib to the tip of the transverse proeess strengthen 
the anterior and posterior aspeets of the joint, respeetively. 
A snperior eostotransverse ligament is a broad band that 
joins the erest of the neek of the rib to the transverse proeess 
snperior to it. The apertnre between this ligament and the ver- 
tebra permits passage of the spinal nerve and the posterior 
braneh of the intereostal artery. The snperior eostotransverse 
ligament may be divided into a strong antenor eostotransverse 
lìgament and a weak postenor eostotransverse ligament. 

The strong eostotransverse ligaments binding these joints 
limit their movements to slight gliding. However, the artien- 
lar snrfaees on the tnbereles of the snperior 6 ribs are convex 
and fit into eoneavities on the transverse proeesses (Fig. 1.9). 
As a resnlt, rotation oeenrs aronnd a mostly transverse axis 
that traverses the intra-artienlar ligament and the head 
and neek of the rib (Fig. 1.8A & B). This resnlts in eleva- 
tion and depression movements of the sternal ends of the 


ribs and the sternnm in the sagittal plane (pnmp-handle 
movement) (Fig. I.IOA & C). Flat artienlar snrfaees of tnber- 
eles and transverse proeesses of the 7th-10th ribs allow glid- 
ing (Fig. 1.9), resnlting in elevation and depression of the 
lateral-most portions of these ribs in the transverse plane 
{hneket-handle movement) (Fig. I.IOB & C). 

STERNOeOSTAL JOINTS 

The Ist pair of eostal eartilages artienlates with the mann- 
brinm by means of a thin dense layer of tightly adherent fìbro- 
eartilage interposed between the eartilage and mannbrinm, 
the synehondrosis of the Ist rih. The 2nd-7th pairs of eos- 
tal eartilages artienlate with the sternnm at synovial j oints with 
fìbroeartilaginons artienlar snrfaees on both the ehondral and 
sternal aspeets, allowing movement dnring respiration. The 
weak joint eapsnles of these joints are thiekened anteriorly and 
posteriorly to form radiate sternoeostal ligaments. These 
eontinne as thin, broad membranons bands passing from the 
eostal eartilages to the anterior and posterior snrfaees of the 
sternnm, forming a felt-like eovering for this bone. 

Movements of Thoraeie Wall 

Movements of the thoraeie wall and the diaphragm dnring 
inspiration prodnee inereases in the intrathoraeie volnme 
and diameters of the thorax (Fig. I.IOD & F). Consequent 
pressnre ehanges resnlt in air being alternately drawn into 
the Inngs (inspiration) throngh the nose, month, larynx, and 
traehea and expelled from the Inngs {expiration) throngh the 
same passages. Dnring passive expiration, the diaphragm, 
intereostal mnseles, and other mnseles relax, deereasing 
intrathoraeie volnme and inereasing the intrathoraeie pres- 
sure (Fig. I.IOE & C). Concurrently, intra-ahdominal pres- 
sure deereases and abdominal viseera are deeompressed. 
This allows the stretehed elastie tissne of the Inngs to reeoil, 
expelling most of the air. 
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FIGIJRE 1.9. Gostotransverse joints. Conformation of articular surfaces, revealed in sagittal seetions ofthe eostotransverse joints, demonstrates hovvthe 
1 st-7th ribs rotate about an axis that runs longitudinally through the neek of the rib (A), whereas the 8th-1 Oth ribs glide (B). 
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FIGIJRE 1.10. Movements of thoraeie wall. A. When the upper ribs are elevateeJ, the AP (dimension ofthe thorax is inereaseed (pnmp-haneJle movement), 
vvith a greater excursion (inerease) occurring inferiorly, at the end of the pump handle. B. The middle parts of the lovver ribs move laterally vvhen they are ele- 
vated, inereasing the transverse dimension (bucket-handle movement). C. The eombination of rib movements {arrovvs) that occur during foreed inspiration 
inerease the AP and transverse dimensions of the thoraeie eage. D. The thorax vvidens during foreed inspiration as the ribs are elevated (arrovvs). E. The thorax 
narrovvs during expiration as the ribs are depressed (arrovvs). F. The primary movement of inspiration (resting or foreed) is eontraetion ofthe diaphragm, 
which inereases the vertieal dimension of the thoraeie eavity (arrovvs). When the diaphragm relaxes, deeompression of the abdominal viseera pushes the dia- 
phragm upward, reducing the vertieal dimension for expiration. 
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The vertieal dimension (height) of the eentral part of 
the thoraeie eavity inereases dnring inspiration as eontrae- 
tion of the diaphragm eanses it to deseend, eompressing the 
abdominal viseera (Fig. I.IOF). Dnring expiration, the verti- 
eal dimension retnrns to the nentral position as the elastie 
reeoil of the Inngs prodnees snb-atmospherie pressnre in the 
plenral eavities, between the Inngs and the thoraeie wall. As 
a resnlt of this and the absenee of resistanee to the previonsly 
eompressed viseera, the domes of the diaphragm aseend, 
diminishing the vertieal dimension. 

The AP dimension of the thorax inereases eonsiderably 
when the intereostal mnseles eontraet. Movement of the 
ribs (primarily 2nd-6th) at the eostovertebral joints aronnd 


an axis passing throngh the neeks of the ribs eanses the 
anterior ends of the ribs to rise— the pump-handle movement 
(Fig. I.IOA & e). Beeanse the ribs slope inferiorly, their 
elevation also resnlts in anterior-posterior movement of the 
sternnm, espeeially its inferior end, with slight movement 
oeenrring at the mannbriosternal joint in yonng people, in 
whom this joint has not yet synostosed (nnited). 

The transverse dimension of the thorax also inereases 
slightly when the intereostal mnseles eontraet, raising the 
middle (lateral-most parts) of the ribs (espeeially the lower 
ones)— the hneket-handle movement (Fig. I.IOB & C). The 
eombination of all these movements moves the thoraeie eage 
anteriorly, snperiorly, and laterally (Fig. I.IOG & F). 


THORAGie WALL 
Ghest Pain 

Althongh ehest pain ean resnlt from pnlmonary dis- 

h is probably the most important symptom of 
eardiae disease (Swartz, 2009). However, ehest pain 
may also oeenr in intestinal, gallbladder, and mnsenloskeletal 
disorders. When evalnating a patient with ehest pain, the 
examination is largely eoneerned with diseriminating 
between serions eonditions and the many minor eanses of 
pain. People who have had a heart attaek nsnally deseribe the 
assoeiated pain as a “ernshing” snb-sternal pain (deep to the 
sternnm) that does not disappear with rest. 

Rib Fractures 

The short, broad Ist rib, posteroinferior to the elav- 
iele, is rarely fraetnred beeanse of its proteeted posi- 
tion (it eannot be palpated). When it is broken, 
however, strnetnres erossing its snperior aspeet may be 
injnred, inelnding the braehial plexus of nerves and snbelavian 
vessels that serve the npper limb. The middle ribs are most 
eommonly fraetnred. Rih fraetnres nsnally resnlt from blows 
or ernshing injnries. The weakest part of a rib is jnst anterior 
to its angle; however, direet violenee may fraetnre a rib any- 
where, and its broken end may injnre internal organs sneh as 
a Inng and/or the spleen. Fraetnres of the lower ribs may tear 
the diaphragm and resnlt in a diaphragmatie hernia (see 
ehapter 2). Rib fraetnres are painfnl beeanse the broken parts 
move dnring respiration, eonghing, langhing, and sneezing. 

Flaìl Ghest 


tion, thereby affeeting oxygenation of the blood. Dnring 
treatment, the loose segment may be fìxed by hooks and/or 
wires so that it eannot move. 

Thoraeotomy, intereostal Spaee 
ineisions, and Rib Excision 

The snrgieal ereation of an opening throngh the 
thoraeie wall to enter a plenral eavity is a thoraeot- 
omy (Fig. Bl.l). An anterior thoraeotomy may 
involve making H-shaped ents throngh the periehondrinm of 
one or more eostal eartilages and then shelling ont segments 
of eostal eartilage to gain entranee to the thoraeie eavity (see 
Fig 1.13, right side). 

The posterolateral aspeets of the 5th-7th intereostal 
spaees are important sites for posterior thoraeotomy inei- 
sions. In general, a lateral approaeh is most satisfaetory 
for entry throngh the thoraeie eage (Fig. Bl.l). With the 
patient lying on the eontralateral side, the npper limb is fnlly 
abdneted, plaeing the forearm beside the patient’s head. This 
elevates and laterally rotates the inferior angle of seapnla, 
allowing aeeess as high as the 4th intereostal spaee. 

Snrgeons nse an H-shaped ineision to ineise the snper- 
fìeial aspeet of the periostenm that ensheaths the rib, strip 
the periostenm from the rib, and then excise a ivide segment 
of the rih to gain better aeeess, as might be required to enter 
the thoraeie eavity and remove a Inng (pnenmoneetomy), for 
example. In the rib’s absenee, entry into the thoraeie eav- 
ity ean be made throngh the deep aspeet of the periosteal 
sheath, sparing the adjaeent intereostal mnseles. After the 
operation, the missing pieees of ribs regenerate from the 
intaet periostenm, althongh imperfeetly. 




Mnltiple rih fraetnres may allow a sizable segment 
of the anterior and/or lateral thoraeie wall to move 
freely. The loose segment of the wall moves para- 
doxieally (inward on inspiration and outward on expiration). 
Flail ehest is an extremely painfnl injnry and impairs ventila- 



Supernumerary Ribs 

People nsnally have 12 ribs on eaeh side, bnt the 
nnmber is inereased by the presenee of eervi- 
eal and/or Inmhar rihs, or deereased by failnre of 
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Surgical 

retraetor 


ineision 
in periosteum 


6th rib (cut) 



the 12th pair to form. Gervieal ribs are relatively eom- Stsmdl Fr8.Ctlir6S 


mon (0.5-2%) and may interfere with nenrovasenlar strne- 
tnres exiting the snperior thoraeie apertnre. Lnmbar ribs 
are less eommon. Supernumerary (extra) rihs also have 
elinieal signifieanee in that they may eonfnse the identifiea- 
tion of vertebral levels in radiographs and other diagnostie 
images. 



Proteetive Function and Aging 
of Gostal Gartilages 


Despite the snbentaneons loeation of the sternnm, 
sternal fraetures are not eommon. Grnsh injnries 
ean oeenr after tranmatie eompression of the tho- 
raeie wall in antomobile aeeidents when the driver’s ehest is 
foreed into the steering eolnmn, for example. The installation 
and nse of air bags in vehieles has redneed the nnmber of 
sternal fraetnres. A fraetnre of the sternal body is nsnally a 
eomminuted fraeture (a break resnlting in several pieees). 
Displaeement of the bone fragments is nneommon beeanse 
the sternnm is invested hy deepfaseia (fibrons eontinnities of 


Gostal eartilages provide resilienee to the thoraeie radiate sternoeostal ligaments; Fig. 1.6A) and the sternal 
eage, preventing many blows from fraetnring the attaehments of the peetoralis major mnseles. The most eom- 

sternnm and/or ribs. Beeanse of the remarkable mon site of sternal fraetnre in elderly people is at the sternal 

elastieity of the ribs and eostal eartilages in ehildren, ehest angle, where the mannbriosternal joint has fnsed. The frae- 
eompression may prodnee injnry within the thorax even in 1^^^ resnlts in disloeation of the mannhriosternal joint. 



the absenee of a rib fraetnre. In elderly people, the eostal 


The eoneern in sternal injnries is not primarily for the 


eartilages lose some of their elastieity and beeome brittle; fraetnre itself, bnt for the likelihood of heart injnry (myoear- 
they may nndergo ealeifieation, making them radiopaque dial eontnsion, eardiae rnptnre, tamponade) or Inng injnry. 


(i.e., appear white in radiographs 


Ossified Xìphoid Proeess 

Many people in their early 40s snddenly beeome 


The mortality (death rate) assoeiated with sternal fraetnres is 
25-45%, largely owing to these nnderlying injnries. Patients 
with sternal eontnsion shonld be evalnated for nnderlying 
viseeral injnry (Marx et ak, 2009). 



aware of their partly ossified xiphoid proeess and 
eonsnlt their physieian abont the hard Inmp in the 
“pit of their stomaeh” {epigastrie fossa). Never having been 
aware of their xiphoid proeess before, they fear they have 
developed a tnmor. 


Median Sternotomy 

To gain aeeess to the thoraeie eavity for snrgieal 
operations in the mediastinnm—sneh as eoronary 
artery hypass grafting, for example—the sternnm 
is divided (split) in the median plane and retraeted. The 
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flexibility of ribs and eostal eartilages enables spreading of 
the halves of the sternnm dnring proeednres requiring 
medìan sternotomy. Sneh “sternal splitting” also gives good 
exposure for removal of tnmors in the snperior lobes of the 
Inngs. After snrgery, the halves of the sternnm are nsnally 
joined nsing wire sntnres or elips. 

Sternal Bìopsy 

The sternal body is often nsed for hone marroto 
needle hiopsy beeanse of its breadth and snbentane- 
ons position. The needle pierees the thin eortieal 
bone and enters the vasenlar spongy bone. Sternal biopsy is 
eommonly nsed to obtain speeimens of marrow for trans- 
plantation and for deteetion of metastatie eaneer and hlood 
dyserasias (abnormalities). 


of the neek, and the manifestations of the syndromes involve 
the npper limb (see Ghapters 6 and 8). 

Disloeation of Ribs 

Rih disloeation (“slipping rib” syndrome) is the dis- 
plaeement of a eostal eartilage from the sternnm— 
disloeation ofa sternoeostaljoint or the displaeement 
of the interehondral joints. Rib disloeations are eommon in 
body-eontaet sports; eomplieations may resnlt from pressnre 
on or damage to nearby nerves, vessels, and mnseles. 
Displaeement of interehondraljoints nsnally oeenrs nnilater- 
ally and involves ribs 8, 9, and 10. Tranma snffieient to dis- 
plaee these joints often injnres nnderlying strnetnres, sneh as 
the diaphragm and/or liver, eansing severe pain, partienlarly 
dnring deep inspiratory movements. The injnry prodnees a 
Inmp-like deformity at the displaeement site. 





Sternal Anomalìes 

The sternnm develops throngh the fnsion of bilat- 
eral, vertieal eondensations of preeartilaginons tis- 
sne, sternal hands or hars. The halves of the sternnm 
of the fetns may not fnse. Oomplete sternal eleft is an nneom- 
mon anomaly throngh whieh the heart may protrnde {eetopia 
eordis). Partial elefts involving the mannbrinm and snperior 
half of the body are V- or U-shaped and ean be repaired dnr- 
ing infaney by direet apposition and fixation of the sternal 


Separation of Rìbs 

“Rib separation” refers to disloeation of the eosto- 
ehondraljanetion between the rib and its eostal ear- 
tilage. In separations of the 3rd-10th ribs, tearing of 
the periehondrinm and periostenm nsnally oeenrs. As a 
resnlt, the rib may move snperiorly, overriding the rib above 
and eansing pain. 



halves. Sometimes aperforation {sternalforamen) remains in Paralysis of Diaphragm 


the sternal body beeanse of ineomplete fnsion. It is not elini- 
eally signifieant; however, one shonld be aware of its possible 
presenee so that it will not be misinterpreted in ehest X-ray, 
as a being an nnhealed bnllet wound for example. A reeeding 
{peetns excavatum, or fnnnel ehest) or projeeting {peetns 
eavinatnm, or pigeon breast) sternnm are anomalons varia- 
tions that may beeome evident or more prononneed dnring 
ehildhood. 

The xiphoid proeess is eommonly perforated in elderly 
persons beeanse of age-related ehanges; this perforation is 
also not elinieally signifieant. Similarly, an anteriorly-pro- 
trnding xiphoid proeess in neonates is not nnnsnal; when it 
oeenrs, it does not nsnally require eorreetion. 



Paralysis of half of the diaphragm (one dome or 
hemidiaphragm) beeanse of injnry to its motor snp- 
ply from the phrenie nerve does not affeet the other 
half beeanse eaeh dome has a separate nerve snpply. One ean 
deteet paralysis of the diaphragm radiographieally by noting 
its paradoxieal movement. Instead of deseending as it nor- 
mally does dnring inspiration owing to diaphragmatie eon- 
traetion (Fig. R1.2A), the paralyzed dome aseends as it is 
pnshed snperiorly by the abdominal viseera that are being 
eompressed by the aetive eontralateral dome (Fig. R1.2R). 
Instead of aseending dnring expiration, the paralyzed dome 
deseends in response to the positive pressnre in the Inngs. 



Thoraeie Outlet Syndrome 

Anatomists refer to the snperior thoraeie apertnre 
as the thoraeie inlet beeanse non-eirenlating snb- 
stanees (air and food) may enter the thorax only 
throngh this apertnre. When elinieians refer to the snperior 
thoraeie apertnre as the thoraeie ontlet, they are emphasizing 
the arteries and T1 spinal nerves that emerge from the thorax 
throngh this apertnre to enter the lower neek and npper 
limbs. Henee, varions types of thoraeie ontlet syndrome 
(TOS) exist in whieh emerging strnetnres are affeeted by 
obstrnetions of the snperior thoraeie apertnre (Rowland and 
Pedley, 2010). Althongh TOS implies a thoraeie loeation, the 
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The Bottom Lìne 

SKELETON, APERTURES, JOINTS, AND MOVEMENTS OF THORACIC WALL 


Skeleton of thoraeìe wall: The thoraeie wall (1) proteets 
the eontents of the thoraeie eavity; (2) provides the meehanies 
for breathing; and (3) provides for attaehment of neek, baek, 
upper limb, and abdominal musculature. ♦ The domed shape 
of the thoraeie eage gives it strength, and its osteoeartilagi- 
nous elements and joints give it flexibility. ♦ Posteriorly the 
thoraeie eage eonsists of a column of 12 thoraeie vertebrae 
and interposed IV dises. ♦ Laterally and anteriorly the eage 
eonsists of 12 ribs that are continued anteriorly by eostal 
eartilages. Anteriorly, the 3-part sternum proteets the eentral 
thoraeie viseera. 

Apertures of thoraeìe wall: Although the thoraeie eage 
is eomplete peripherally, it is open superiorly and inferiorly. 

♦ The superior thoraeie aperture is a small passageway for 
the transmittal of structures to and from the neek and upper 
limbs. ♦ The large inferior thoraeie aperture provides a rim to 
which the diaphragm is attaehed. Structures passing between 
the thorax and abdomen traverse openings in the diaphragm 
(e.g., esophagus) or pass posterior to it (e.g., aorta). 


Joìnts of thoraeìe wall: The Joints enable and determine 
movements of the thoraeie wall. ♦ Posteriorly, ribs articulate 
with the semiflexible thoraeie vertebral column via eostovertebral 
Joints. These include Joints of heads of ribs and eostotransverse 
Joints, both strongly supported by multiple ligaments. ♦ Anteri- 
orly, ribs articulate with eostal eartilages via eostoehondral joints. 

♦ Gostal eartilages 1-7 articulate direetly and eostal eartilages 
8-10 articulate indireetly with the sternum via the synehondrosis 
ofthe Ist rib, synovial sternoeostal Joints, and interehondral Joints. 

Movements of thoraeìe wall: The movements of most 
ribs occur around a generally transverse axis that passes 
through the head, neek, and tubercle of the rib. ♦ This axis, 
plus the slope and curvature of the ribs, results in pump- 
handle-type movements of the upper ribs that alter the AP 
diameter of the thorax and bucket-handle-type movements of 
lower ribs that alter its transverse diameter. ♦ Gontraetion and 
relaxation of the superiorly convex diaphragm alters its vertieal 
dimensions. ♦ inereasing dimensions produce inhalation, and 
deereasing dimensions produce exhalation. 


Muscles of Thoraeìe Wall 

Some muscles attaehed to and/or eovering the thoraeie 
eage are primarily involved in serving other regions. Axio- 
appendicular mnseles extend from the thoraeie eage (axial 
skeleton) to bones of the npper limb (appendienlar skele- 
ton). Similarly, some mnseles of the anterolateral abdomi- 
nal wall, baek, and neek mnseles have attaehments to the 
thoraeie eage (Fig. 1.11). The axio-appendicular mnseles aet 
primarily on the npper limbs (see Ghapter 6). Bnt several of 
them, inelnding the peetoralis major and peetoralis minor 
and the inferior part of the serratns anterior, may also fnne- 
tion as aeeessory mnseles of respiration, helping elevate the 
ribs to expand the thoraeie eavity when inspiration is deep 
and foreefnl (e.g., after a 100-m dash). The sealene mnseles 
of the neek, which deseend from vertebrae of the neek to 
the Ist and 2nd ribs, aet primarily on the vertebral eolnmn. 
However, they also serve as aeeessory respiratory mnseles 
by fìxing these ribs and enabling the mnseles eonneeting the 
ribs below to be more effeetive in elevating the lower ribs 
dnring foreed inspiration. 

The trne mnseles of the thoraeie wall are the serra- 
tns posterior, levatores eostarnm, intereostal, snbeostal, and 
transversns thoraeis. They are demonstrated in Fignre 1.12A 
& B, and their attaehments, innervations, and fnnetions are 
listed in Table 1.2. 

The serratns posterior mnseles have traditionally been 
deseribed as inspiratory mnseles, bnt this fnnetion is not 
snpported by eleetromyography or other evidenee. On 
the basis of its attaehments and disposition, the serratns 


posterior snperior was said to elevate the snperior fonr 
ribs, thus inereasing the AP diameter of the thorax and 
raising the sternnm. On the basis of its attaehments and 
disposition, the serratns posterior inferior was said 
to depress the inferior ribs, preventing them from being 
pnlled snperiorly by the diaphragm. However, reeent stnd- 
ies (Vilensky et al., 2001) snggest that these mnseles, which 
span the snperior and inferior thoraeie apertnres as well as 
the transitions from the relatively infìexible thoraeie verte- 
bral eolnmn to the mneh more fìexible eervieal and lum- 
bar segments of the eolnmn, may not be primarily motor in 
fnnetion. Rather, they may have a proprioeeptive fnnetion. 
These mnseles, partienlarly the serratns posterior snperior, 
have been implieated as a sonree of ehronie pain in myo- 
faseial pain syndromes. 

The levatores eostarnm mnseles (L. levator, a lifter) are 
12 fan-shaped mnseles that elevate the ribs (Fig. 1.17), but 
their role, if any, in normal inspiration is nneertain. They may 
play a role in vertebral movement and/or proprioeeption. 

The intereostal mnseles oeenpy the intereostal spaees 
(Figs. 1.11-1.14; Table 1.2). The snperfìeial layer is formed 
the external intereostals, the inner layer by the internal 
intereostals. The deepest fìbers of the latter, lying internal to 
the intereostal vessels, are somewhat artifìeially designated as 
a separate mnsele, the innermost intereostals. 

• The external intereostal mnseles (11 pairs) oeenpy the 
intereostal spaees from the tnbereles of the ribs poster- 
iorly to the eostoehondral jnnetions anteriorly (Figs. 1.11- 
1.13, and 1.15). Anteriorly, the mnsele fìbers are replaeed 
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FIGIJRE 1.11. Axio-appendicular, neek, and anterolateral abdominal muscles overlying thoraeie wall. The peetoralis major has been removed on the left 
side to expose the peetoralis minor, subclavius, and external intereostal muscles. When the upper limb muscles are removed, the superiorly tapering domed 
shape of the thoraeie eage is revealed. 


by the external intereostal membranes (Fig. 1.15A). 
These muscles mn infero-anteriorly from the rib above to 
the rib below. Eaeh mnsele attaehes superiorly to the infe- 
rior border of the rib above and inferiorly to the snperior 
border of the rib below (Fig. 1.15C). These mnseles are 
continuous inferiorly with the external ohlique maseles in 
the anterolateral abdominal wall. The external intereostals 
are most aetive dnring inspiration. 

• The internal intereostal mnseles (11 pairs) rnn deep to 
and at right angles to the external intereostals (Figs. 1.12B, 
1.14, and 1.15C). Their fibers rnn inferoposteriorly from 
the fioors of the eostal grooves to the snperior borders of 
the ribs inferior to them. The internal intereostals attaeh 
to the bodies of the ribs and their eostal eartilages as far 
anteriorly as the sternnm and as far posteriorly as the 
angles of the ribs (Fig. 1.16). Between the ribs posteriorly, 
medial to the angles, the internal intereostals are replaeed 
by the internal intereostal membranes (Fig. 1.15A). 
The inferior internal intereostal muscles are eontinnons 
with the ìnternal ohlìque muscles in the anterolateral 
abdominal wall. The internal intereostals—weaker than 
the external intereostal mnseles—are most aetive dnring 
expiration—espeeially their interosseons (vs. interehon- 
dral) portions. 

• The innermost intereostal mnseles are similar to the 
internal intereostals and are essentially their deeper parts. 
The innermost intereostals are separated from the internal 
intereostals by intereostal nerves and vessels (Figs. 1.15A 
& B and 1.16). These mnseles pass between the internal 


snrfaees of adjaeent ribs and oeenpy the lateral-most parts 
of the intereostal spaees. It is likely (bnt nndetermined) 
that their aetions are the same as those of the internal 
intereostal mnseles. 

The subcostal maseles are variable in size and shape, nsn- 
ally being well developed only in the lower thoraeie wall. 
These thin mnsenlar slips extend from the internal snrfaee of 
the angle of one rib to the internal snrfaee of the seeond or 
third rib inferior to it. Crossing one or two intereostal spaees, 
the snbeostals rnn in the same direetion as the internal inter- 
eostals and blend with them (Fig. 1.15B). 

The transversus thoraeis muscles eonsist of fonr or five 
slips that radiate snperolaterally from the posterior aspeet 
of the inferior sternnm (Figs. 1.13-1.15A). The transversns 
thoraeis mnseles are eontinnons inferiorly with the transver- 
sus ahdominis mnseles in the anterolateral body wall. These 
mnseles appear to have a weak expiratory fnnetion and may 
also provide proprioeeptive information. 

Althongh the external and internal intereostals are aetive 
dnring inspiration and expiration, respeetively, most aetiv- 
ity is isometrie (inereases tonns without prodneing move- 
ment); the role of these mnseles in prodneing movement of 
the ribs appears to be related mainly toforeed respiration. 
The diaphragm is the primary mnsele of inspiration. Expira- 
tion is passive nnless one is exhaling against resistanee (e.g., 
infiating a balloon) or trying to expel air more rapidly than 
nsnal (e.g., eonghing, sneezing, blowing one’s nose, or shont- 
ing). The elastie reeoil of the Inngs and deeompression of 
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FIGIJRE 1.12. Muscles of thoraeie wall. 


TABLE 1.2. MUSCLES OF THORACIC WALL 


Muscle 

Superior 

Attaehment 

Interior Attaehment 

Innervation 

Main Aetion 

Serratus posterior 
superior 

Nuchal ligament, 
spinous proeesses 
of C7 to T3 vertebrae 

S uperior borders of 2nd to 
4th ribs 

2nd to 5th intereostal 

nerves 

Proprioeeption (elevate ribs)^ 

Serratus posterior 
inferior 

Spinous proeesses 
of Tll to L2 vertebrae 

Inferior borders of 8th to 

12th ribs neartheir angles 

Anterior rami to T9 to 
T12 thoraeie spinal 
nerves 

Proprioeeption (depress ribs)^ 

Levator costarum 

Transverse proeesses 
ofT7-ll 

Subjacent ribs between 
tubercle and angle 

Posterior primary 
rami of C8-T11 

nerves 

Elevate ribs 

External 

intereostal 

Inferior border of ribs 

Superior borderof ribs 
below 

intereostal nerve 

Elevate ribs during foreed 
inspiration^ 

Internal intereostal 

lnterosseous part: 
depresses ribs 

interehondral 
part: elevates ribs 

During aetive 

(foreed) 

respiration^ 

Innermost 

intereostal 

Subcostal 

Internal surface of 
lower ribs near their 
angles 

Superior borders of 2nd or 
3rd ribs below 

Probably aetin same manneras 
internal intereostal muscles 

Transversus 

thoraeis 

Posterior surface of 
lower sternum 

Internal surface of eostal 
eartilages 2-6 

VVeakly depress ribs*^ 

Proprioeeption? 


^AII intereostal nnuscles keep intereostal spaees rigid, thereby preventing them from bulging outduring expiration and from being dravvn in during inspiration. The role 
of individual intereostal muscles and aeeessory muscles of respiration in moving the ribs is difficultto interpretdespite many eleetromyographie studies. 

‘^Aetion traditionally assigned based on attaehments; appearto be largely proprioeeptive in function. 


abdominal viseera expel previonsly inhaled air. The primary 
role of the intereostal mnseles in respiration is to snpport 
(inerease the tonns or rigidity of) the intereostal spaee, resist- 
ing paradoxical movement espeeially dnring inspiration when 
internal thoraeie pressnres are lowest (most negative). This 
is most apparent following a high spinal eord injnry, when 
there is an initial flaeeid paralysis of the entire trnnk but the 


diaphragm remains aetive. In these circumstances, the vital 
eapaeity is markedly eompromised by the paradoxical incur- 
sion of the thoraeie wall during inspiration. Several weeks 
later, the paralysis beeomes spastie; the thoraeie wall stiffens 
and vital eapaeity rises (Standring, 2008). 

The meehanieal aetion of the intereostal mnseles in rib 
movement, espeeially during foreed respiration, ean be 
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FIGIJRE 1.13. Dìsseetìon of anterior aspeet of anterior thoraeie wall. The external intereostal muscles are replaeed by membranes between eostal earti- 
lages. The H-shaped cuts through the perichondrium of the 3rd and 4th eostal eartilages are used to shell out pieees of eartilage, as was done with the 4th 
eostal eartilage. It is not uncommon for the 8th rib to attaeh to the sternum, as in this speeimen. The internal thoraeie vessels and parasternal lymph nodes 
(green) lie inside the thoraeie eage lateral to the sternum. 
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FIGIJRE 1.14. Posterior aspeet of anterior thoraeie wall. The internal thoraeie arteries arise from the subclavian arteries and have paired aeeompany- 
ing veins (L. venae eomitantes) inferiorly. Superior to the 2nd eostal eartilage, there is only a single internal thoraeie vein on eaeh side, which drains into the 
braehioeephalie vein. The continuity of the transversus thoraeis muscle with the transversus abdominis muscle beeomes apparent when the diaphragm is 
removed, as has been done here on the right side. 
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FIGIJRE 1.15. Gontents of an ìntereostal spaee. A. This transverse seetion shows nerves {rightside) and arteries {leftside) in relation to the intereostal 
muscles. B. The posterior part of an intereostal spaee is shown. The joint capsule (radiate ligament) of one eostovertebral joint has been removed. 
Innermost intereostal muscles bridge one intereostal spaee; subcostal muscles bridge two. The mnemonie for the order of the neurovascular structures 
in the intereostal spaee from superiorto inferior is VAN—vein, artery, and nerve. Communicating branehes (L. rami communiccintes) extend between the 
intereostal nerves and the sympathetie trnnk. C. A simple model of the aetion of the intereostal muscles is shown. Gontraetion of the muscle fibers 
that most elosely parallel the slope of the ribs at a given point (fibers A and C) will elevate the ribs and sternum; eontraetion of muscle fibers that are 
approximately perpendicular to the slope of the ribs (fibers B) will depress the ribs. 
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FIGITRE 1.16. Superfìcial dísseetion of male peetoral region. The platysma is cut short on the right side and is refìeeted on the left side, together vvith 
the underlying supraclavicular nerves. Filmy peetoral faseia eovers the right peetoralis major. The faseia has been removed on the left side. The cutaneous 
branehes ofthe intereostal nerves that supply the breast are shovvn. 


appreeiated by means of a simple model (Fig. 1.15C). A 
pair of enrved levers, representing the ribs bordering an 
intereostal spaee, are hinged posteriorly to a fixed verte- 
bral eolnmn and anteriorly to a moveable sternnm. The 
ribs (and intervening intereostal spaee) deseend as they 
run anteriorly, reaehing their low point approximately at 
the eostoehondral junetion, and then aseend to the ster- 
num. Museles with fibers that most elosely approximate 
the slope of the ribs at their attaehments (external inter- 
eostal and interehondral portion of the internal intereos- 
tal mnseles) rotate the ribs snperiorly at their posterior 
axes, elevating the ribs and sternnm. Muscle with fibers 
that are approximately perpendicular to the slope of the 
ribs at their attaehment (interosseons part of internal 
intereostal mnseles) rotate the ribs inferiorly at their pos- 
terior axes, depressing the ribs and sternnm (Slaby et al., 

1994). 

The (thoraeie) diaphragm is a shared wall (aetnally floor/ 
eeiling) separating the thorax and abdomen. Althongh it has 
fnnetions related to both eompartments of the trunk, its most 
important (vital) fnnetion is serving as the primary mnsele 
of inspiration. The detailed deseription of the diaphragm 
appears in Ghapter 2 beeanse the attaehments of its crura 
occur at abdominal levels (i.e., to lumbar vertebrae) and all of 
its attaehments are best observed from its inferior (abdomi- 
nal) aspeet. 


Faseia of Thoraeie Wall 

Eaeh part of the deep faseia is named for the muscle it invests 
or for the structure(s) to which it is attaehed. Consequently, 
a large portion of the deep faseia overlying the anterior thor- 
aeie wall is ealled peetoral faseia for its assoeiation with the 
peetoralis major mnseles (Fig. 1.16). In turn, much of the 
peetoral faseia forms a major part of the hed of the hreast 
(structures against which the posterior snrfaee of the breast 
lies). Deep to the peetoralis major and its faseia is another 
layer of deep faseia snspended from the elaviele and invest- 
ing the peetoralis minor muscle, the elavipeetoral faseia. 

The thoraeie eage is lined internally with endothoraeie 
faseia (see Fig. 1.30C). This thin flbro-areolar layer attaehes 
the adjaeent portion of the lining of the lung eavities (eostal 
parietal pleura) to the thoraeie wall. It beeomes more flbrous 
over the apiees of the lungs {snpraplenral memhrane). 

Nerves of Thoraeie Wall 

The 12 pairs of thoraeie spinal nerves supply the thoraeie 
wall. As soon as they leave the IV foramina in which they are 
formed, the mixed thoraeie spinal nerves divide into anterior 
and posterior (primary) rami or branehes (Fig. 1.15A and 
1.17). The anterior rami of nerves Tl-Tll form the inter- 
eostal nerves that run along the extent of the intereostal 




























92 


ehapter 1 • Thorax 


Ereetor spinae moseles 



Tip of transverse 
proeess of 10th 
thoraeie vertebra 


Internal intereostal 
membrane of the lOth 
intereostal spaee 


Levator eostarom 


Lateral eostotransverse 
ligament 

Angle of 8th rib 


Posterior ramus of 
thoraeie nerve 


Intereostal vessels and 
nerve coursing in the 
endothoraeie faseia 
posterior to 
transparent parietal 
pleura lining the 
pulmonary eavity 


Innermost intereostal 


Internal intereostal of the 
9th spaee 


External intereostal 


Posterior view 



Posterior aspeet 
of posterior 
thoraeie wall 


FIGIJRE 1.17. Disseetion of posterior aspeet of thoraeie wall. Most ofthe deep muscles ofthe baek have been removed to expose the levatores costarum 
muscles. In the 8th and 10th intereostal spaees, varying parts ofthe external intereostal muscle have been removed to expose the underlying internal intereos- 
tal membrane, which is continuous with the internal intereostal muscle. In the 9th intereostal spaee, the levator costorum has been removed to expose the 
intereostal vessels and nerve. 


spaees. The anterior ramns of nerve T12, eoursing inferior 
to the 12th rib, is the subcostal nerve. The posterior rami 
of thoraeie spinal nerves pass posteriorly, immediately lat- 
eral to the articular proeesses of the vertebrae, to snpply the 
joints, deep baek mnseles, and skin of the baek in the thoraeie 
region. 

TYPIGALINTERGOSTAL NERVES 

The 3rd-6th intereostal nerves enter the medial-most parts 
of the posterior intereostal spaees, rnnning initially within 
the endothoraeie faseia between the parietal plenra (serons 
lining of pnlmonary eavity) and the internal intereostal mem- 
brane nearly in the middle of the intereostal spaees (Figs. 
1.15A & B and 1.17). Near the angles of the ribs, the nerves 
pass between the internal intereostal and the innermost 
intereostal mnseles. At this point, the intereostal nerves pass 
to and then eontinne to eonrse in or jnst inferior to the eostal 
grooves, rnnning inferior to the intereostal arteries (which, in 
tnrn, rnn inferior to the intereostal veins). The neurovascu- 
lar bnndles (espeeially the vessels) are thns sheltered by the 
inferior margins of the overlying ribs. Gollateral branehes of 


these nerves arise near the angles of the ribs and rnn along 
the superior border of the rib below. The nerves eontinne 
anteriorly between the internal and innermost intereostal 
mnseles, snpplying these and other mnseles and giving rise 
to lateral cutaneous branehes in approximately the midaxil- 
lary line (MAL). Anteriorly, the nerves appear on the internal 
snrfaee of the internal intereostal mnsele. Near the sternnm, 
the nerves tnrn anteriorly, passing between the eostal earti- 
lages to beeome anterior entaneons branehes. 

Throngh its posterior ramns and the lateral and anterior 
entaneons branehes of its anterior ramns, most thoraeie spi- 
nal nerves (T2-T12) snpply a strip-like dermatome of the 
trnnk extending from the posterior median line to the ante- 
rior median line (Fig. 1.18). The gronp of mnseles snpplied 
by the posterior ramns and anterior ramns (intereostal nerve) 
of eaeh pair of thoraeie spinal nerves eonstitntes a myotome. 
The myotomes of most thoraeie spinal nerves (T2-T11) 
inelnde the intereostal, snbeostal, transversns thoraeis, leva- 
tores eostarnm, and serratns posterior mnseles assoeiated 
with the intereostal spaee that inelndes the anterior ramns 
(intereostal nerve) of the speeifie spinal nerve, plus the over- 
lying portion of the deep mnseles of the baek. 
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Anterior view Posterior view 


FIGIJRE 1.18. Segmental ìnnervatìon (dermatomes) of thoraeìe wall 

(after Foerster). Dermatomes C5-T1 are loeated mostly in the upper limbs 
and are not represented signifieantly on the body wall. Sinee the anterior 
rami ofspinal nervesT2-T12 are not involved in plexus formation, there is 
no differenee between the dermatomes and the zones of peripheral nerve 
distribution here. Dermatome T4 includes the nipple; dermatome T10 
includes the umbilicus. 

The hranehes of a typieal intereostal nerve are (Fig. 1.15A 
&B): 

• Rami eommnnieantes, or communicating branehes, that 
eonneet eaeh intereostal nerve to the ipsilateral sympathetie 
tmnk. Presynaptie fibers leave the initial portions of the ante- 
rior ramus of eaeh thoraeie (and upper lumbar) spinal nerve 
by means of a vvhite eommnnieating ramus and pass to the 
sympathetie tmnk. Postsynaptie fibers distribnted to the body 
wall and limbs pass from the ganglia of the sympathetie tmnk 
via gray rami to join the anterior ramus of the nearest spinal 
nerve, inelnding all intereostal nerves. Sympathetie nerve 
fibers are distribnted throngh all branehes of all spinal nerves 
(anterior and posterior rami) to reaeh the blood vessels, sweat 
glands, and smooth muscle of the body wall and limbs. 

• Gollateral branehes that arise near the angles of the ribs 
and deseend to course along the snperior margin of the lower 
rib, helping supply intereostal mnseles and parietal pleura. 

• Lateral entaneons branehes that arise near the MAL, 
pieree the internal and external intereostal mnseles, and 
divide in turn into anterior and posterior hranehes. These 
terminal branehes supply the skin of the lateral thoraeie 
and abdominal walls. 

• Anterior entaneons branehes pieree the mnseles and 
membranes of the intereostal spaee in the parasternal line 
and divide into medial and lateral hranehes. These termi- 
nal branehes supply the skin on the anterior aspeet of the 
thorax and abdomen. 

• Mnsenlar branehes that supply the intereostal, subcos- 
tal, transversus thoraeis, levatores costarum, and serratns 
posterior mnseles. 

ATYPIGALINTERGOSTAL NERVES 

Althongh the anterior ramus of most thoraeie spinal nerves is 
simply the intereostal nerve for that level, the anterior ramns 


of the Ist thoraeie (Tl) spinal nerve first divides into a large 
snperior and a small inferior part. The snperior part joins 
the hraehial plexus, the nerve plexus supplying the upper 
limb, and the inferior part beeomes the Ist intereostal nerve. 
Other atypieal featnres of speeifie intereostal nerves inelnde 
the following: 

• The Ist and 2nd intereostal nerves course on the internal 
snrfaee of the Ist and 2nd ribs, instead of along the infe- 
rior margin in eostal grooves (Fig. 1.14). 

• The Ist intereostal nerve has no anterior cutaneous 
braneh and often no lateral cutaneous braneh. When 
there is a lateral cutaneous braneh, it snpplies the skin 
of the axilla and may eommnnieate with either the inter- 
eostobraehial nerve or the medial cutaneous nerve of 
the arm. 

• The 2nd (and sometimes 3rd) intereostal nerve gives rise 
to a large lateral cutaneous braneh, the intereostobra- 
ehial nerve; it emerges from the 2nd intereostal spaee 
at the MAL, penetrates the serratns anterior, and enters 
the axilla and arm. The intereostobraehial nerve usually 
supplies the fioor—skin and subcutaneous tissue—of the 
axilla and then eommnnieates with the medial entane- 
ous nerve of the arm to supply the medial and posterior 
snrfaees of the arm. The lateral cutaneous braneh of the 
3rd intereostal nerve frequently gives rise to a seeond 
intereostobraehial nerve. 

• The 7th-llth intereostal nerves, after giving rise to lat- 
eral cutaneous branehes, eross the eostal margin pos- 
teriorly and eontinne on to supply abdominal skin and 
mnseles. No longer being between ribs (intereostal), they 
now beeome thoraeo-ahdominal nerves of the anterior 
abdominal wall (see Ghapter 2). Their anterior cutaneous 
branehes pieree the rectus sheath, beeoming cutaneous 
elose to the median plane. 

Vasculature of Thoraeìe Wall 

In general, the pattern of vasenlar distribntion in the tho- 
raeie wall refieets the structure of the thoraeie eage—that is, 
it runs in the intereostal spaees, parallel to the ribs. 

ARTERIES OF THORACIC WALL 

The arterial supply to the thoraeie wall (Fig. 1.19; Table 1.3) 
derives from the: 

• Thoraeie aorta, through the posterior intereostal and sub- 
eostal arteries. 

• Snhelavian artery, through the internal thoraeie and 
snpreme intereostal arteries. 

• Axillary artery, throngh the snperior and lateral thoraeie 
arteries. 

The intereostal arteries course through the thoraeie wall 
between the ribs. With the exception of the lOth and llth 
intereostal spaees, eaeh intereostal spaee is snpplied by three 
arteries: a large posterior intereostal artery (and its eollateral 
braneh) and a small pair of anterior intereostal arteries. 
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FIGIJRE 1.19. Arteries of thoraeie wall. The arterial supply to the thoraeie wall derives from the thoraeie aorta through the posterior intereostal and 
subcostal arteries (A, B, and D), from the axillary artery (B), and from the subclavian artery through the internal thoraeie (C) and supreme intereostal 
arteries (B). Gonneetions (anastomoses) between the arteries permit eollateral circulation pathways to develop (D). 
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TABLE 1.3. ARTERIAL SUPPLY OF THORACIC WALL 


Artery 

Origin 

Course 

Distribution 

Posterior 

intereostals 

Superior intereostal artery 
(intereostal spaees 1 and 2) 
and thoraeie aorta (remain- 
ing intereostal spaees) 

Pass betvveen internal and 
innermost intereostal muscles 

intereostal muscles, overlying skin, and parietal 
pleura 

Anterior 

intereostals 

Internal thoraeie (intereostal 
spaees 1-6) and musculo- 
phrenie arteries (intereostal 
spaees 7-9) 

Internal thoraeie 

Subclavian artery 

Passes inferiorly and lateral 
to sternum betvveen eostal 
eartilages and transversus 
thoraeie muscle to divide 
into superior epigastrie and 
musculophrenic arteries 

By vvay of anterior intereostal arteries to intereostal 
spaees 1-6 and musculophrenic artery (lateral ter- 
minal braneh) 

Sobeostal 

Thoraeie aorta 

Courses along inferior border 
of 12th rib 

Muscles of anterolateral abdominal vvall 


The posterior intereostal arteries; 

• Of the Ist and 2nd intereostal spaees arise from the 
snpreme (snperior) intereostal artery, a braneh of the 
eostoeervieal trnnk of the snbelavian artery. 

• Of the 3rd-llth intereostal spaees (and the snbeostal 
arteries of the snbeostal spaee) arise posteriorly from the 
thoraeie aorta (Fig. 1.19). Beeanse the aorta is slightly to 
the left of the vertebral eolnmn, the right 3rd-llth inter- 
eostal arteries eross the vertebral bodies, rnnning a longer 
eonrse than those on the left side (Fig. 1.19B). 

• All give off a posterior braneh that aeeompanies the pos- 
terior ramns of the spinal nerve to snpply the spinal eord, 
vertebral eolnmn, baek mnseles, and skin. 

• Give rise to a small eollateral braneh that erosses the inter- 
eostal spaee and rnns along the snperior border of the rib. 

• Aeeompany the intereostal nerves throngh the intereostal 
spaees. elose to the angle of the rib, the arteries enter the 
eostal grooves, vvhere they lie betvveen the intereostal vein 
and nerve. At first the arteries rnn in the endothoraeie 
faseia betvveen the parietal plenra and the internal inter- 
eostal membrane (Fig. 1.17); then they rnn betvveen the 
innermost intereostal and internal intereostal mnseles. 

• Have terminal and eollateral branehes that anastomose 
anteriorly with anterior intereostal arteries (Fig. 1.19A). 

The internal thoraeie arteries (historieally, the internal 

mammary arteries): 

• Arise in the root of the neek from the inferior snrfaees of 
the first parts of the snhelavian arteries. 

• Deseend into the thorax posterior to the elaviele and Ist 
eostal eartilage (Figs. 1.13, 1.14, and 1.19). 

• Are erossed near their origins by the ipsilateral phrenie 
nerve. 

• Deseend on the internal snrfaee of the thorax slightly lat- 
eral to the sternnm and posterior to the npper six eostal 


eartilages and intervening internal intereostal mnseles. 
After deseending past the 2nd eostal eartilage, the inter- 
nal thoraeie arteries rnn anterior to the transversns thora- 
eis mnsele (Figs. 1.15A and 1.19C). Betvveen slips of the 
transversns thoraeis mnsele, the arteries eontaet parietal 
plenra posteriorly. 

• Terminate in the 6th intereostal spaee by dividing into the 
snperior epigastne and the musculophrenic arteries. 

• Direetly give rise to the anterior intereostal arteries snp- 
plying the snperior 6 intereostal spaees. 

Ipsilateral pairs of anterior intereostal arteries: 

• Snpply the anterior parts of the npper 9 intereostal spaees. 

• Pass laterally in the intereostal spaee, one near the inferior 
margin of the snperior rib and the other near the snperior 
margin of the inferior rib. 

• Of the first 2 intereostal spaees lie initially in the endotho- 
raeie faseia betvveen the parietal plenra and the internal 
intereostal mnseles. 

• Snpplying the 3rd-6th intereostal spaees are separated 
from the plenra by slips of the transversns thoraeis 
mnsele. 

• Of the 7th-9th intereostal spaees derive from the museu- 
lophrenie arteries, also branehes of the internal thoraeie 
arteries. 

• Snpply the intereostal mnseles and send branehes throngh 
them to snpply the peetoral mnseles, breasts, and skin. 

• Are absent from the inferior two intereostal spaees; these 
spaees are snpplied only by the posterior intereostal arter- 
ies and their eollateral branehes. 

VEINS OF THORAGie WALL 

The intereostal veins aeeompany the intereostal arter- 

ies and nerves and lie most snperior in the eostal grooves 

(Figs. 1.15B and 1.20). There are 11 posterior intereostal 
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Left braehioeephalie v. 
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FIGIJRE 1.20. Veins of thoraeie wall. Although depieted here as continu- 
ous ehannels, the anterior and posterior intereostal veins are separate 
vessels, normally draining in opposite direetions, the tributaries of vvhieh 
communicate (anastomose) in approximately the anterior axillary line. 
Because these veins laek valves, hovvever, fìovv ean be reversed. 


veins and one snbeostal vein on eaeh side. The posterior 
intereostal veins anastomose with the anterior intereos- 
tal veins (tribntaries of internal thoraeie veins). As they 
approaeh the vertebral eolnmn, the posterior intereostal 
veins reeeive a postenor hraneh, which aeeompanies the pos- 
terior ramns of the spinal nerve of that level, and an interver- 
tehral vein draining the vertebral venons plexuses assoeiated 
with the vertebral eolnmn. Most posterior intereostal veins 
(4-11) end in the azygos/hemi-azygos venons system, which 
eonveys venons blood to the snperior vena eava (SVC). The 
posterior intereostal veins of the Ist intereostal spaee nsnally 
enter direetly into the right and left braehioeephalie veins. 
The posterior intereostal veins of the 2nd and 3rd (and oeea- 
sionally 4th) intereostal spaees nnite to form a trnnk, the 
snperior intereostal vein (Fig. 1.20). 

The right superior intereostal vein is typieally the fìnal 
tribntary of the azygos vein, before it enters the SVC. The 
left snperior intereostal vein, however, nsnally empties 
into the left hraehioeephalie vein. This requires the vein to 
pass anteriorly along the left side of the snperior mediasti- 
nnm, speeifìeally aeross the areh of the aorta or the root of 
the great vessels arising from it, and between the vagns and 
phrenie nerves (see Fig. 1.70B). It nsnally reeeives the left 
bronehial veins and may reeeive the left perieardiaeophrenie 
vein as well. Typieally, it eommnnieates inferiorly with the 
aeeessory hemi-azygos vein. The internal thoraeie veins 
are the eompanion veins (L. venae eomitantes) of the internal 
thoraeie arteries. 


MUSCLES AND NEUROVASCULATURE Herpes Zoster infeetion 
OF THORAeie WALL of Spìnal Ganglìa 


Dyspnea: Diffienlt Breathing 

When people with respiratory problems (e.g., asthma) 



or with heartfailnre have diffìenlty breathing (dypsnia), 
they nse their aeeessory respiratory mnseles to assist the 
expansion of their thoraeie eavity. They lean on their knees or on 
the arms of a ehair to fìx their peetoral girdle, so these mnseles are 
able to aet on their rib attaehments and expand the thorax. 



Extrapleural intrathoraeie 
Snrgieal Aeeess 

Fixation makes it diffìenlt to appreeiate in the 
embalmed eadaver, bnt in snrgery the relatively 
loose natnre of the thin endothoraeie faseia provides 
a natnral eleavage plane, allowing the snrgeon to separate the 
eostal parietal plenra lining the Inng eavity from the thoraeie 
wall. This allows intrathoraeie aeeess to extrapleural stme- 
tures (e.g., lymph nodes) and instrnment plaeement without 
opening and perhaps eontaminating the potential spaee 
(plenral eavity) that snrronnds the Inngs. 


Aherpes zoster infeetion eanses a elassie, dermato- 
mally distribnted skin lesion— shingles —an ago- 
nizingly painfnl eondition (Fig. B1.3). Herpes 
zoster is primarily a viral disease of spinal ganglia, nsnally 
a reaetivation of the varieella-zoster virns (VZV), or 




FIGIJRE B1.3. Herpes zoster. 
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chickenpox virns. After invading a ganglion, the virns pro- 
dnees a sharp bnrning pain in the dermatome snpplied by 
the involved nerve (Fig. 1.18). The affeeted skin area 
beeomes red, and vesienlar ernptions appear. The pain 
may preeede or follow the skin ernptions. Althongh pri- 
marily a sensory nenropathy (pathologieal ehange in the 
nerve), weakness from motor involvement oeenrs in 0.5- 
5.0% of people, eommonly in elderly eaneer patients 
(Rowland, 2010). Mnsenlar weakness nsnally oeenrs in the 
same myotomal distribntion, as do the dermatomal pain 
and vesienlar ernptions. 

intereostal Nerve Bloek 

Loeal anesthesia of an intereostal spaee is prodneed 
by injeeting an anesthetie agent aronnd the inter- 
eostal nerves between the paravertebral line and the 
area of required anesthesia. This proeednre, an intereostal 
nerve hloek, involves infiltration of the anesthetie aronnd the 
intereostal nerve trnnk and its eollateral branehes (Fig. B1.4). 
The term hloek indieates that the nerve endings in the skin 
and transmission of impnlses throngh the sensory nerves ear- 
rying information abont pain are interrnpted (bloeked) 



FIGIJRE B1.4. intereostal nerve bloek. 

before the impnlses reaeh the spinal eord and brain. Beeanse 
any partienlar area of skin nsnally reeeives innervation from 
two adjaeent nerves, eonsiderable overlapping of eontignons 
dermatomes oeenrs. Therefore, eomplete loss of sensation 
nsnally does not oeenr nnless two or more intereostal nerves 
are anesthetized. 



The Bottom Lìne 

MUSCLES AND NEUROVASCULATURE OF THORACIC WALL 


Moseles of thoraeìe wall: The thorax is overlapped by the 
axio-appendicular muscles of the upper limb as well 
as some neek, baek, and abdominal muscles. ♦ Most of 
these muscles ean affeet deep respiration when the peetoral 
girdle is fixed and account for many of the surface features 
of the thoraeie region. The muscles that are truly thoraeie, 
however, provide few if any surface features. 

♦ The serratus posterior muscles are thin with small 
bellies that may be proprioeeptive organs. ♦ The eostal 
muscles ean move the ribs during foreed respiration. The 
eostal muscles function primarily to support (provide tonus 
for) the intereostal spaees, resisting negative and positive 
intrathoraeie pressures. ♦ The diaphragm is the primary 
muscle of respiration, responsible for most of inspiration 
(normally expiration is mostly passive). 

♦ Deep faseia overlies and invests the muscles of the 
thoraeie wall, as it does elsewhere. ♦ VVhere the fleshy por- 
tions of the intereostal muscles are absent, their 

faseia is continued as intereostal membranes so that 
the wall is eomplete. ♦ The endothoraeie faseia is a thin, 
fibro-areolar layer between the internal aspeet of the 


thoraeie eage and the lining of the pulmonary eavities, 
which ean be opened surgically to gain aeeess to intratho- 
raeie structures. 

Neurovasculature of thoraeìe wall: The pattern of 
distribution of neurovascular structures to the thoraeie wall 
refleets the construction of the thoraeie eage. ♦ These neuro- 
vascular structures course in the intereostal spaees, parallel to 
the ribs, and serve the intereostal muscles as well as the integu- 
ment and parietal pleura on their superficial and deep aspeets. 
♦ Because plexus formation does not occur in relationship 
to the thoraeie wall, the pattern of peripheral and segmental 
(dermatomal) innervation is identieal in this region. ♦ The 
intereostal nerves run a posterior to anterior course along the 
length ofeaeh intereostal spaee, and the anteriorand posterior 
intereostal arteries and veins eonverge toward and anastomose 
in approximately the anterior axillary line. ♦ The posterior 
vessels arise from the thoraeie aorta and drain to the azygos 
venous system. ♦ The anterior vessels arise from the internal 
thoraeie artery, branehes, and tributaries and drain to the inter- 
nal thoraeie vein, branehes, and tributaries. 
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Breasts 

The breasts are the most prominent snperfieial strnetnres in 
the anterior thoraeie wall, espeeially in women. The breasts 
(L. mammae) eonsist of glandnlar and snpporting fibrons 
tissne embedded within a fatty matrix, together with blood 
vessels, lymphaties, and nerves. Both men and women have 
breasts; normally they are well developed only in women 
(Figs. 1.21 and 1.22). The mammary glands are in the snb- 
entaneons tissne overlying the peetoralis major and minor 
mnseles. At the greatest prominenee of the breast is the 
nipple, snrronnded by a eirenlar pigmented area of skin, the 
areola (L. small area). 

The mammary glands within the breasts are aeeessory to 
reprodnetion in women. They are rndimentary and fnnetion- 
less in men, eonsisting of only a few small dnets or epithelial 
eords. IJsnally, the fat present in male breasts is not different 
from that of snbentaneons tissne elsewhere, and the glandn- 
lar system does not normally develop. 
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ligaments 


Fat lobule 


Areola 
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Nipple 


Lactiferous 

ducts 


Medial view 
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FIGIJRE 1.22. Sagittal seetíon of female breast and anterior thoraeie 
wall. The superior two thirds of the fìgure demonstrates the suspensory liga- 
ments and alveoli of the breast with resting lobules of mammary gland; the 
inferior part shows laetating lobules of mammary gland. 


FEMALE BREASTS 

The amonnt of fat snrronnding the glandnlar tissne deter- 
mines the size of non-laetating breasts. The ronghly eirenlar 
body of the female breast rests on a bed of the breast that 
extends transversely from the lateral border of the sternnm 
to the midaxillary line and vertieally from the 2nd throngh 
6th ribs. Two thirds of the bed are formed by the peetoral 
faseia overlying the peetoralis major; the other third, by the 
faseia eovering the serratns anterior. Between the breast and 
the peetoral faseia is a loose snbentaneons tissne plane or 


Sternum 



Axillary proeess 
of breast 


Axilla 


Lobules 
of fat 

Nipple 


Areola 

Serratus anterior 


Anterior view 


FIGIJRE 1.21. Superficial disseetion offemale peetoral region.The pee- 
toral faseia has been removed, except where it lies deep to the breast. The 
bed of the breast extends from the 2nd through the 6th ribs. The axillary 
proeess of the breast extends toward or into the axillary fossa. 


potential spaee—the retromammary spaee (bnrsa). This 
plane, eontaining a small amonnt of fat, allows the breast 
some degree of movement on the peetoral faseia. A small 
part of the mammary gland may extend along the infero- 
lateral edge of the peetoralis major toward the axillary fossa 
(armpit), forming an axillary proeess or tail (of Spenee). 
Some women diseover this (espeeially when it may enlarge 
dnring a menstrnal eyele) and beeome eoneerned that it may 
be a Inmp (tnmor) or enlarged lymph nodes. 

The mammary glands are firmly attaehed to the dermis 
of the overlying skin, espeeially by snbstantial skin liga- 
ments (L. retinaenla entis), the snspensory ligaments (of 
Gooper). These eondensations of fibrons eonneetive tissne, 
partienlarly well developed in the snperior part of the gland, 
help snpport the lohes and lohnles of the mammary gland. 

Dnring pnberty (ages 8-15 years), the breasts nor- 
mally enlarge, owing in part to glandnlar development 
bnt primarily from inereased fat deposition. The areo- 
lae and nipples also enlarge. Breast size and shape are 
determined in part by genetie, ethnie, and dietary fae- 
tors. The laetiferons ducts give rise to bnds that develop 
into 15-20 lobules of the mammary gland, which eon- 
stitnte the parenehyma (fnnetional snbstanee) of the 
mammary gland. Thns eaeh lobnle is drained by a laetif- 
erons dnet, all of which eonverge to open independently. 
Eaeh dnet has a dilated portion deep to the areola, the 
laetiferons sinus, in which a small droplet of milk aeen- 
mnlates or remains in the nnrsing mother. As the neonate 
begins to snekle, eompression of the areola (and laetiferons 
sinns beneath it) expresses the aeenmnlated droplets and 
eneonrages the neonate to eontinne nnrsing as the hor- 
monally mediated let-down reflex ensnes. The mother’s 
milk is seereted into—not sneked from the gland by—the 
baby’s month. 
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The areolae eontain nnmerons sebaceous glands, which 
enlarge dnring pregnaney and seerete an oily snbstanee that 
provides a proteetive inbrieant for the areola and nipple. The 
areola and nipple are partienlarly snbjeet to ehaffing and irri- 
tation as mother and baby begin the nnrsing experience. The 
nipples are eonieal or eylindrieal prominenees in the eenters 
of the areolae. The nipples have no fat, hair, or sweat glands. 
The tips of the nipples are fissnred with the laetiferons dnets 
opening into them. The nipples are eomposed mostly of eir- 
enlarly arranged smooth mnsele fibers that eompress the 
laetiferons dnets dnring laetation and ereet the nipples in 
response to stimnlation, as when a baby begins to snekle. 

The mammary glands are modified sweat glands; there- 
fore, they have no eapsnle or sheath. The ronnded eontonr 
and most of the volnme of the breasts are prodneed by 
snbentaneons fat, except dnring pregnaney when the mam- 
mary glands enlarge and new glandnlar tissne forms. The 
milk-seereting alveoli (L. small hollow spaees) are arranged 
in grape-like elnsters. In most women, the breasts enlarge 
slightly dnring the menstrnal period from inereased release 
of gonadotropie hormones—folliele-stimnlating hormone 
(FSH) and Inteinizing hormone (LH) —on the glandnlar 
tissne. 

VASCUliATURE OF BREAST 

The arterìal snpply of the hreast (Fig. 1.23A & B) derives 
from the: 

• Medial mammary branehes of perforating branehes 

and anterior intereostal hranehes of the internal thoraeie 
artery, originating from the snbelavian artery. 

• Lateral thoraeie and thoraeo-aeromial arteries, branehes 
of the axillary artery. 

• Posterior intereostal arteries, branehes of the thoraeie 
aorta in the 2nd, 3rd, and 4th intereostal spaees. 

The venons drainage of the hreast is mainly to the axillary 
vein, bnt there is some drainage to the internal thoraeie vein 

(Fig. 1.23C). 

The lymphatie drainage of the hreast is important beeanse 
of its role in the metastasis of eaneer eells. Lymph passes from 
the nipple, areola, and lobnles of the gland to the snbareolar 
lymphatie plexus (Fig. 1.24A & B). From this plexus: 

• Most lymph (>75%), espeeially from the lateral breast 
quadrants, drains to the axillary lymph nodes, initially to 
the anterior or peetoral nodes for the most part. However, 
some lymph may drain direetly to other axillary nodes or 
even to interpeetoral, deltopeetoral, snpraelavienlar, or 
inferior deep eervieal nodes. (The axillary lymph nodes 
are eovered in detail in Ghapter 6.) 

• Most of the remaining lymph, partienlarly from the medial 
breast quadrants, drains to the parasternal lymph nodes 
or to the opposite breast, whereas lymph from the infe- 
rior quadrants may pass deeply to abdominal lymph nodes 
(snbdiaphragmatie inferior phrenie lymph nodes). 


Lymph from the skin of the breast, except the nipple and 
areola, drains into the ipsilateral axillary, inferior deep eervi- 
eal, and infraelavienlar lymph nodes and into the parasternal 
lymph nodes of both sides. 

Lymph from the axillary nodes drains into elavienlar 
(infraelavienlar and snpraelavienlar) lymph nodes and from 
them into the snhelavian lymphatie trank, which also drains 
lymph from the npper limb. Lymph from the parasternal 
nodes enters the hronehomediastinal lymphatie trnnks, 
which also drain lymph from the thoraeie viseera. The ter- 
mination of the lymphatie trnnks varies; traditionally, these 
trnnks are deseribed as merging with eaeh other and with the 
jngnlar lymphatie trank, draining the head and neek to form 
a short right lymphatie duet on the right side or entering the 
termination at the thoraeie duet on the left side. However, in 
many (perhaps most) eases, the trnnks open independently 
into the jnnetion of the internal jngnlar and snbelavian veins, 
the right or left venous angles, that form the right and left 
hraehioeephalie veins (Fig. 1.24C). In some eases, they open 
into both eontribnting veins immediately prior to the angle. 

NERVES OF BREAST 

The nerves of the hreast derive from anterior and lateral euta- 
neous hranehes of the 4th-6th intereostal nerves (Fig. 1.15). 
The branehes of the intereostal nerves pass throngh the pee- 
toral faseia eovering the peetoralis major to reaeh overlying 
snbentaneons tissne and skin of the breast. The branehes of 
the intereostal nerves eonvey sensory fibers from the skin of 
the breast and sympathetie fibers to the blood vessels in the 
breasts and smooth mnsele in the overlying skin and nipple. 

Surface Anatomy of Thoraeie Wall 

The elavieles (eollar bones) lie snbentaneonsly, forming bony 
ridges at the jnnetion of the thorax and neek (Fig. 1.25). They 
ean be palpated easily thronghont their length, espeeially 
where their medial ends artienlate with the mannbrinm of 
the sternnm. The elavieles demareate the snperior division 
between zones of lymphatie drainage: above the elavieles, 
lymph flows nltimately to inferior jngnlar lymph nodes; 
below them, parietal lymph (that from the body wall and 
npper limbs) flows to the axillary lymph nodes. 

The sternnm (breastbone) lies snbentaneonsly in the 
anterior median line and is palpable thronghont its length. 
Between the prominenees of the medial ends of the elavieles 
at the sternoelavienlar joints, \hejugular noteh in the mann- 
brinm ean be palpated between the prominent medial ends 
of the elavieles. The noteh lies at the level of the inferior 
border of the body of T2 vertebra and the spaee between the 
Ist and 2nd thoraeie spinons proeesses. 

The manuhrium, approximately 4 em long, lies at the level 
of the bodies of T3 and T4 vertebrae (Fig. 1.26). The sternal 
angle is palpable and often visible in yonng people beeanse of 
the slight movement that oeenrs at the mannbriosternal joint 
dnring foreed respiration. The sternal angle lies at the level 
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FIGIJRE 1.23. Vasculature of breast. A. The mammary gland is supplied from its medial aspeet mainly by perforating branehes ofthe internal tho- 
raeie artery and by several branehes of the axillary artery (prineipally the lateral thoraeie artery) superiorly and laterally. B. The breast is supplied deeply by 
branehes arising from the intereostal arteries. C. Venous drainage is to the axillary vein (mainly) and the internal thoraeie veins. [a., artery; v., vein; vv. veins] 


of the T4-T5 IV dise and the spaee between the 3rd and 4th 
thoraeie spinons proeesses. The sternal angle marks the level 
of the 2nd pair of eostal eartilages. The left side of the mann- 
brinm is anterior to the areh of the aorta, and its right side 
direetly overlies the merging of the braehioeephalie veins to 
form the snperior vena eava (SVC) (Fig. 1.24C). Beeanse it 
is eommon elinieal praetiee to insert eatheters into the SVC 
for intravenons feeding of extremely ill patients and for other 
pnrposes, it is essential to know the snrfaee anatomy of this 
large vein. The SVC passes inferiorly deep to the mannbrinm 
and mannbriosternal jnnetion bnt projeets as mneh as a 
fìngerbreadth to the right of the margin of the mannbrinm. 
The SVe enters the right atrinm of the heart opposite the 
right 3rd eostal eartilage. 


The hody of the sternnm, approximately 10 em long, lies 
anterior to the right border of the heart and vertebrae T5-T9 
(Fig. 1.26). The intermammary eleft (midline depression 
or eleavage between the matnre female breasts) overlies the 
sternal body (Figs. 1.25 & 1.29). The xiphoid proeess lies in a 
slight depression, the epigastrie fossa. This fossa is nsed as 
a gnide in eardiopnlmonary resnseitation (CPR) to properly 
position the hand on the inferior part of the sternnm. The 
xiphisternal joint is palpable and is often seen as a ridge, at 
the level of the inferior border of T9 vertebra. 

The eostal margins, formed by the joined eostal eartilages 
of the 7th-10th ribs, are easily palpable beeanse they extend 
inferolaterally from the xiphisternal joint. The eonverging 
right and left eostal margins form the infrasternal angle. 
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FIGIJRE 1.24. Lymphatie drainage of breast. A. The lymph nodes reeeiving drainage from the breast. B. The redarrows indieate lymph fìow from the right 
breast. Most lymph, espeeially that from the superior lateral quadrant and eenter of the breast, drains to the axillary lymph nodes, which, in turn, are drained 
by the subclavian lymphatie trunk. On the right side, it enters the venous system via the right lymphatie duct. C. Most lymph from the left breast returns to 
the venous system via the thoraeie duct. 
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FIGIJRE 1.25. Surface features of anterior thoraeie wall. 


The rihs and intereostal spaees provide a basis for loeating 
or deseribing the position of strnetnres or sites of tranma or 
pathology on or deep to the thoraeie wall. Beeanse the Ist rib 
is not palpable, rib eonnting in physieal examinations starts 
with the 2nd rib adjaeent to the snbentaneons and easily pal- 
pated sternal angle. To eonnt the ribs and intereostal spaees 
anteriorly, slide the fìngers (digits) laterally from the sternal 
angle onto the 2nd eostal eartilage and begin eonnting the 
ribs and spaees by moving the fìngers from here. The Ist 
intereostal spaee is that snperior to the 2nd eostal eartilage— 
that is, intereostal spaees are nnmbered aeeording to the rib 
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* Transverse thoraeie plane 

FIGIJRE 1.26. Vertebral levels of sternum and transverse thoraeie plane. 


forming their snperior bonndary. Generally, it is more reli- 
able to eonnt intereostal spaees, sinee the fìngertip tends to 
rest in (slip into) the gaps between the ribs. One fìnger shonld 
remain in plaee while another is nsed to loeate the next spaee. 
Using all the fìngers, it is possible to loeate fonr spaees at a 
time. The spaees are widest anterolaterally (approximately in 
the midelavienlar line). If the fìngers are removed from the 
thoraeie wall while eonnting spaees, the fìnger may easily be 
retnrned to the same spaee, mistaking it for the one below. 
Posteriorly, the medial end of the spine of the seapnla over- 
lies the 4th rib. 

While the ribs and/or intereostal spaees provide the 
“latitnde” for navigation and loealization on the thoraeie 
wall, several imaginary lines faeilitate anatomieal and elini- 
eal deseriptions by providing “longitnde.” The following lines 
are extrapolated over the thoraeie wall based on visible or 
palpable snperfìeial featnres: 

• The anterior median (midsternal) line (AML) indi- 
eates the interseetion of the median plane with the ante- 
rior thoraeie wall (Fig. 1.27A). 

• The midelavienlar line (MCL) passes throngh the mid- 
point of the elaviele, parallel to the AML. 

• The anterior axillary line (AAL) rnns vertieally along 
the anterior axillary fold that is formed by the inferolateral 
border of the peetoralis major as it spans from the thoraeie 
eage to the hnmerns in the arm (Figs. 1.27B). 

• The midaxillary line (MAL) rnns from the apex (deepest 
part) of the axillary fossa (armpit), parallel to the AAL. 

• The posterior axillary line (PAL), also parallel to the 
AAL, is drawn vertieally along the posterior axillary fold 
formed by the latissimns dorsi and teres major mnseles as 
they span from the baek to the hnmerns. 
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FIGIJRE 1.27. Vertíeal lines of thoraeie wall. 


• The posterior medìan (midvertebral) line (PML) is a 
vertieal line along the tips of the spinons proeesses of the 
vertebrae (Fig. 1.27C). 

• The seapnlar lines (SLs) are parallel to the posterior 
median line and interseet the inferior angles of the seapnla. 

Additional lines (not illnstrated) are extrapolated along the 
borders of palpable bony formations sneh as the sternnm and 
vertebral eolnmn, sneh as the parasternal and paravertebral 
lines (G. para, alongside of, adjaeent to). 

Breasts are the most prominent snrfaee featnres of the 
anterior thoraeie wall, espeeially in women. Except when 
there is an overabnndanee of snbentaneons tissne, the breasts 
in men are mostly an aeeentnation of the eontonr of the peeto- 
ralis major mnseles, highlighted by the presenee of the nipple 
in the 4th intereostal spaee, lateral to the MCL (Fig. 1.28). In 
moderately athletie individnals, the eontonr of the peetoralis 
major mnseles is apparent, separated in the midline by the 
intermammary eleft overlying the sternnm, with the lateral 
horàer íormmgBieanterioraxìllaryfold (Fig. 1.25). Inferolat- 
erally, finger-like slips, or digitations of the serratns ante- 
rior, have a serrated (sawtooth) appearanee as they attaeh to 
the ribs and interdigitate with the external ohlique (Fig. 1.28). 


The inferior rihs and eostal margins are often apparent, espe- 
eially when the abdominal mnseles are eontraeted to “pnll 
the belly in.” The intereostal mnsenlatnre is not normally evi- 
dent; however, in (rare) eases in which there is an absenee or 
atrophy of the intereostal mnsenlatnre, the intereostal spaees 
beeome apparent with respiration: dnring inspiration, they are 
eoneave; dnring expiration, they protrnde. 

The female breasts vary in the size, shape, and symmetry— 
even in the same person. Their fiattened snperior snrfaees 
show no sharp demareation from the anterior snrfaee of the 
thoraeie wall, bnt laterally and inferiorly, their borders are 
well defined (Fig. 1.29). A venons pattern over the breasts is 
often visible, espeeially dnring pregnaney. 

The nipple is snrronnded by the slightly raised and eir- 
enlar pigmented areola, the eolor of which depends on 
the woman’s complexion. The areola nsnally darkens dnring 
pregnaney and retains the darkened pigmentation thereaf- 
ter. The areola is normally dotted with the papnlar (small 
elevated) openings of the areolar glands (sebaeeons glands 
in the skin of the areola). On oeeasion, one or both nipples 
are inverted (retraeted); this minor eongenital anomaly may 
make breast feeding diffienlt. 
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FIGIJRE 1.28. Surface anatomy of thoraeìe wall musculature. 


FIGURE 1.29. Surface anatomy of female breast. 
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In men and yonng nulliparous toomen —those who 
have never borne a viable ehild—^with moderate breast 
size, the nipple lies anterior to the 4th intereostal spaee, 
approximately 10 em from the AML. IJsnally, however, 
the position of nipples varies eonsiderably with breast 


size, espeeially in multiparous toomen —those who have 
given birth to two or more ehildren. Consequently, 
beeanse of variations in size and shape, the nipples are 
not a reliable gnide to the 4th intereostal spaees in adnlt 
females. 


BREASTS 


ehanges ìn Breasts 

ehanges in hreast tissue, sneh as branehing of the 
laetiferons dnets, oeenr dnring menstrnal periods 



and pregnaney. Althongh mammary glands are pre- 
pared for seeretion by midpregnaney, they do not prodnee 
milk nntil shortly after the baby is born. Colostrum, a ereamy 
white to yellowish premilk flnid, may seerete from the nip- 
ples dnring the last trimester of pregnaney and dnring initial 
episodes of nnrsing. Golostrnm is believed to be espeeially 
rieh in protein, immnne agents, and a growth faetor affeeting 
the infant’s intestines. In mnltiparons women (those who 
have given birth two or more times), the breasts often 
beeome large and pendnlons. The breasts in elderly women 
are nsnally small beeanse of the deerease in fat and the atro- 
phy of glandnlar tissne. 


Breast Quadrants 

For the anatomieal loeation and deseription of 
tnmors and eysts, the snrfaee of the breast is divided 
ìntofour quadrants (Fig. B1.5). For example, aphy- 
sieian’s reeord might state: “A hard irregnlar mass was felt in 
the snperior medial quadrant of the breast at the 2 o’eloek 
position, approximately 2.5 em from the margin of the areola.” 
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FIGIJREBI.S. Breast quadrants. 


Carcinoma of the Breast 



IJnderstanding the lymphatie drainage of the 
breasts is of praetieal importanee in predieting the 
metastases (dispersal) of eaneer eells from a earei- 


noma of the hreast (breast eaneer). Gareinomas of the breast 
are malignant tnmors, nsnally adenoeareinomas (glandnlar 
eaneer) arising from the epithelial eells of the laetiferons 
dnets in the mammary gland lobnles (Fig. B1.6A). Metastatie 
eaneer eells that enter a lymphatie vessel nsnally pass throngh 
two or three gronps of lymph nodes before entering the 
venons system. 

Interferenee with the lymphatie drainage by eaneer may 
eanse lymphedema {edema, exeess flnid in the snbentaneons 
tissne), whieh in tnrn may resnlt in deviation of the nipple and 
a thiekened, leather-like appearanee of the skin. Prominent 
“pnffy” skin between dimpled pores give it an orange-peel 
appearanee {peau d’orange sign). Larger dimples (flngertip 
size or bigger) resnlt from eaneerons invasion of the glandn- 
lar tissne and flbrosis (flbrons degeneration), whieh eanses 
shortening or plaees traetion on the snspensory ligaments. 
Snhareolar hreast eaneer may eanse retraetion of the nipple 
by a similar meehanism involving the laetiferons dnets. 

Breast eaneer typieally spreads by means of lymphatie 
vessels {lymphogenie metastasis), whieh earry eaneer eells 
from the breast to the lymph nodes, ehiefly those in the 
axilla. The eells lodge in the nodes, prodneing nests of tnmor 
eells {metastases). Abnndant eommnnieations among lym- 
phatie pathways and among axillary, eervieal, and parasternal 
nodes may also eanse metastases from the breast to develop 
in the snpraelavienlar lymph nodes, the opposite breast, or 
the abdomen (Fig. 1.24A & B). Beeanse most of lymphatie 
drainage of the breast is to the axillary lymph nodes, they are 
the most eommon site of metastasis from a breast eaneer. 
Enlargement of these palpable nodes snggests the possibility 
of breast eaneer and may be key to early deteetion. However, 
the absenee of enlarged axillary lymph nodes is no gnarantee 
that metastasis from a breast eaneer has not oeenrred; the 
malignant eells may have passed to other nodes, sneh as the 
infraelavienlar and snpraelavienlar lymph nodes. 

The posterior intereostal veins drain into the azygos/ 
hemi-azygos system of veins alongside the bodies of the ver- 
tebrae (see Fig. 1.38B) and eommnnieate with the internal 
vertebral venons plexus snrronnding the spinal eord. Ganeer 
eells ean also spread from the breast by these venons rontes 
to the vertebrae, and from there to the eraninm and brain. 
Ganeer also spreads by eontignity (invasion of adjaeent tis- 
sne). When breast eaneer eells invade the retromammary 
spaee (Fig. 1.22), attaeh to or invade the peetoral faseia over- 
lying the peetoralis major, or metastasize to the interpeetoral 
nodes, the breast elevates when the mnsele eontraets. This 
movement is a elinieal sign of advaneed eaneer of the breast. 
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FIGITRE B1.6. Deteetìon of breast eaneer. 


To observe this upward movement, the physieian has the 
patient plaee her hands on her hips and press while pulling 
her elbows fonvard to tense her peetoral mnseles. 



M ammo gr ap hy 

Radiographie examination of the breasts, mam- 
mography, is one of the techniques used to deteet 
breast masses (Fig. B1.6B). A eareinoma appears as 
a large, jagged density in the mammogram. The skin is thiek- 
ened over the tumor {npper two arroms in Fig. B1.6C) and 
the nipple is depressed. Snrgeons use mammography as a 
guide when removing breast tumors, eysts, and abseesses. 



Surgical ineisions of Breast 

Snrgieal ineisions are made in the inferior breast quad- 
rants when possible beeanse these quadrants are less 
vasenlar than the snperior ones. The transition between 
the thoraeie wall and breast is most abmpt inferiorly, prodneing a 
line, erease, or deep skin fold—^the inferior entaneons erease 
(Fig. 1.29). ineisions made along this erease wiU be least evident 
and may be hidden by overlap of the breast. ineisions that must 
be made near the areola, or on the breast itself, are usually direeted 


radially to either side of the nipple (Langer tension lines mn trans- 
versely here) or eirenmferentially (Fig. 1.7 in introdnetion). 

Masteetomy (breast excision) is not as eommon as it onee 
was as a treatment for breast eaneer. In simple masteetomy, 
the breast is removed down to the retromammary spaee. Radi- 
eal masteetomy, a more extensive snrgieal proeednre, involves 
removal of the breast, peetoral mnseles, fat, faseia, and as 
many lymph nodes as possible in the axilla and peetoral region. 
In enrrent praetiee, often only the tumor and surrounding tis- 
sues are removed—a inmpeetomy or gnadranteetomy (known 
as hreast-eonserving snrgery, a wide loeal excision)—followed 
by radiation therapy (Goroll, 2009). 


Polymastia, Polythelia, and Amastia 

Polymastia (supernumerary breasts) or polythelia 



(aeeessory nipples) may occur superior or inferior to 
the normal pair, oeeasionally developing in the axil- 
lary fossa or anterior abdominal wall (Figs. 1.29 and B1.7). 
Supernumerary breasts usually eonsist of only a mdimentary 
nipple and areola, which may be mistaken for a mole (nevus 
until they ehange pigmentation with the normal nipples 
during pregnaney. However, glandnlar tissue may also be 
present and fnrther develop with laetation. These small 
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FIGIJRE B1.7. Polymastìa and polythelìa. 


supernumerary breasts may appear anywhere along a line 
extending from the axilla to the groin—the loeation of the 
emhryonie mammary erest (milk line) from whieh the breasts 
develop, and along whieh breasts develop in animals with mul- 
tiple breasts. There may be no breast development {amastia), 
or there may be a nipple and/or areola, but no glandnlar tissne. 


Breast Ganeer ìn Men 



Approximately 1.5% of breast eaneers oecur in 
men. As in women, the eaneer usually metasta- 
sizes to axillary lymph nodes but also to bone. 


plenra, lung, liver, and skin. Breast eaneer affeets approxi- 
mately 1000 men per year in the IJnited States (Swartz, 
2009). A visible and/or palpable snbareolar mass or seere- 
tion from a nipple may indieate a malignant tnmor. Breast 
eaneer in males tends to infiltrate the peetoral faseia, pee- 
toralis major, and apieal lymph nodes in the axilla. Althongh 
breast eaneer is nneommon in men, the consequences are 
serions beeanse they are frequently not deteeted until 
extensive metastases have oeenrred—for example, in 
bone. 



Gyneeomastia 

Slight temporary enlargement of the breasts is a 
normal oeenrrenee (frequency = 70%) in males at 
pnberty (age 10-12 years). Breast hypertrophy in 
males after pnberty (gyneeomastia) is relatively rare (<1%) 
and may be age or drug related (e.g., after treatment with 
diethylstilbestrol for prostate eaneer). Gyneeomastia may 
also resnlt from an imbalanee between estrogenie and andro- 
genie hormones or from a ehange in the metabolism of sex 
hormones by the liver. Thus a finding of gyneeomastia shonld 
be regarded as a symptom, and an evalnation must be initi- 
ated to rule out important potential eanses, such as suprare- 
nal or testienlar eaneers (Goroll, 2009). Approximately 
40% of postpnbertal males with Klinefelter syndrome 
(XXY trisomy) have gyneeomastia (Moore, Persand and 
Torehia, 2012). 


The Bottom Lìne 


BREASTS AND SURFACE ANATOMY OF THORACIC WALL 

Breasts: The mammary glands are in the subcutaneous tissue 
of the breast, overlying the peetoralis major and serratus ante- 
rior muscles and assoeiated deep faseia (bed of the breast). 

♦ Lobules of glandular tissue eonverge toward the nipple, 
eaeh having its own lactiferous duct, which opens there. ♦ The 
superior lateral quadrant of the breast has the most glandular 
tissue, largely owing to an extension toward or into the axilla 
(axillary proeess) and, therefore, is the site of most tumors. 

♦ The breast is served by the internal thoraeie and lateral tho- 
raeie vessels and the 2nd-6th intereostal vessels and nerves. 

Most lymph from the breast drains to the axillary lymph nodes; 
this is signifieant when treating breast eaneer. 


♦ Because the mammary glands and axillary lymph nodes 
are superficial, the ability to palpate primary and metastatie 
tumors during routine breast examination enables early 
deteetion and treatment. 

Surface anatomy of thoraeìe wall: The thoraeie wall is 
espeeially well provided with visible and/or palpable features 
useful in examining the wall and underlying viseeral features. 

♦ Ribs and intereostal spaees, counted from the 2nd rib at the 
level of the sternal angle, provide latitude. ♦ Glavieles, nipples, 
axillary folds, scapulae, and the vertebral column provide lon- 
gitude. ♦ The breasts are prominent features and, in males, the 
nipples demareate the 4th intereostal spaee. 


VISeERA OF THORAGie GAVITY 

wm 

When seetioned transversely, it is apparent that the thoraeie 
eavity is kidney shaped: a transversely ovoid spaee deeply 
indented posteriorly by the thoraeie vertebral eolnmn 
and the heads and neeks of the ribs that artienlate with it 


(Fig. 1.30A). The thoraeie eavity is divided into three eom- 
partments (Figs. 1.30A & G): 


Bight and left pulmonary eavities, bilateral eom- 
partments that eontain the Inngs and plenrae (lining 
membranes) and oeenpy the majority of the thoraeie 
eavity. 
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The right and left pulmonary eavities, separated by the 
mediastinum, are lined with parietal pleura that refleets onto 
the lungs as viseeral pleura. 


(C) Anterior view 

FIGIJRE 1.30. Divisions of thoraeie eavity and lining of pulmonary eavities. A. The CT sean and interpretive diagram above it are transverse eross- 
seetional vievvs of the thoraeie eavity demonstrating its kidney-like shape, resulting from the protruding vertebral bodies, and division into three eompart- 
ments. The dimensional (B) and eoronal eross-seetional (C) diagrams demonstrate the linings ofthe pleural eavities and lungs (pleurae). Eaeh lung is 
invested by the inner layer of a elosed sae that has been invaginated by the lung. Inset: A fist invaginating an underinfìated balloon demonstrates the 
relationship ofthe lung (represented by the fist) to vvalls ofthe pleural sae (parietal and viseeral layers of pleura). 
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• A eentral mediastinum, a eompartment intervening 
between and eompletely separating the two pnlmonary 
eavities, whieh eontains essentially all other thoraeie 
strnetnres—the heart, thoraeie parts of the great ves- 
sels, thoraeie part of the traehea, esophagns, thymns, and 
other strnetnres (e.g., lymph nodes). It extends vertieally 
from the snperior thoraeie apertnre to the diaphragm and 
anteroposteriorly from the sternnm to the thoraeie verte- 
bral bodies. 

Pleurae, Lungs, and 
Traeheobronehial Tree 

Eaeh pnlmonary eavity (right and left) is lined by a pleu- 
ral memhrane (pleura) that also refleets onto and eov- 
ers the external snrfaee of the Inngs oeenpying the eavities 
(Fig. 1.30B & e). To visnalize the relationship of the plen- 
rae and Inngs, pnsh yonr flst into an nnderinflated balloon 
(Fig. 1.30C). The inner part of the balloon wall (adjaeent to 
yonr flst, whieh represents the Inng), is eomparable to the 
viseeral plenra; the remaining onter wall of the balloon rep- 
resents the parietal plenra. The eavity between the layers of 
the balloon, here fllled with air, is analogons to the plenral 
eavity, althongh the plenral eavity eontains only a thin fllm of 
flnid. At yonr wrist (representing the root of the Inng), the 
inner and onter walls of the balloon are eontinnons, as are 
the viseeral and parietal layers of plenra, together forming a 
plenral sae. Note that the Inng is ontside of bnt snrronnded 
by the plenral sae, jnst as yonr flst is snrronnded by bnt ont- 
side of the balloon. 

The inset in Fignre 1.30C is also helpfnl in nnderstand- 
ing the development of the Inngs and plenrae. Dnring the 
embryonie period, the developing Inngs invaginate (grow 
into) the perieardioperitoneal eanals, the preenrsors of 
the plenral eavities. The invaginated eoelomie epithelinm 
eovers the primordia of the Inngs and beeomes the viseeral 
plenra in the same way that the balloon eovers yonr flst. The 
epithelinm lining the walls of the perieardioperitoneal eanals 
forms the parietal plenra. Dnring embryogenesis, the plenral 
eavities beeome separated from the perieardial and perito- 
neal eavities. 

PLEURAE 

Eaeh Inng is invested by and enelosed in a serons plenral 
sae that eonsists of two eontinnons membranes: the viseeral 
plenra, whieh invests all snrfaees of the Inngs forming their 
shiny onter snrfaee, and the parietal plenra, which lines the 
pnlmonary eavities (Fig. 1.30B & C). 

The pleural eavity —the potential spaee between the lay- 
ers of plenra—eontains a eapillary layer of serous pleural 
fluid, which inbrieates the plenral snrfaees and allows the 
layers of plenra to slide smoothly over eaeh other dnring res- 
piration. The snrfaee tension of the plenral flnid provides the 
eohesion that keeps the Inng snrfaee in eontaet with the tho- 
raeie wall; consequently, the Inng expands and fllls with air 


when the thorax expands while still allowing sliding to oeenr, 
mneh like a fllm of water between two glass plates. 

The viseeral pleura (pnlmonary plenra) elosely eov- 
ers the Inng and adheres to all its snrfaees, inelnding those 
within the horizontal and oblique flssnres (Figs. 1.30B & C 
and 1.31A). In eadaver disseetion, the viseeral plenra eannot 
nsnally be disseeted from the snrfaee of the Inng. It provides 
the Inng with a smooth slippery snrfaee, enabling it to move 
freely on the parietal plenra. The viseeral plenra is eontinn- 
ons with the parietal plenra at the liilum of the lung, where 
strnetnres making up the root of the lung (e.g., bronehns and 
pnlmonary vessels) enter and leave the Inng (Fig. 1.30C). 

The parietal pleura lines the pnlmonary eavities, thereby 
adhering to the thoraeie wall, mediastinnm, and diaphragm. 
It is thieker than the viseeral plenra, and dnring snrgery and 
eadaver disseetions, it may be separated from the snrfaees it 
eovers. The parietal plenra eonsists of three parts — eostal, 
mediastinal, and diaphragmatie —and the eervieal pleura. 

The eostal part of the parietal pleura (eostovertebral 
or eostal plenra) eovers the internal snrfaees of the thoraeie 
wall (Figs. 1.30B & C and 1.32). It is separated from the 
internal snrfaee of the thoraeie wall (sternnm, ribs and eostal 
eartilages, intereostal mnseles and membranes, and sides of 
thoraeie vertebrae) by endothoraeie faseia. This thin, extra- 
plenral layer of loose eonneetive tissne forms a natnral eleav- 
age plane for snrgieal separation of the eostal plenra from the 
thoraeie wall (see the blne box “Extrapleural intrathoraeie 
Snrgieal Aeeess,” p. 96). 

The mediastinal part of the parietal pleura (media- 
stinal plenra) eovers the lateral aspeets of the mediastinnm, 
the partition of tissnes and organs separating the pnlmonary 
eavities and their plenral saes. It eontinnes snperiorly into the 
root of the neek as eervieal plenra. It is eontinnons with eostal 
plenra anteriorly and posteriorly, and with the diaphragmatie 
plenra inferiorly. Snperior to the root of the Inng, the medi- 
astinal plenra is a eontinnons sheet passing anteroposteriorly 
between the sternnm and the vertebral eolnmn. At the hilum 
of the lung, it is the mediastinal plenra that refleets laterally 
onto the root of the Inng to beeome eontinnons with the vis- 
eeral plenra. 

The diaphragmatie part of the parietal pleura (dia- 
phragmatie plenra) eovers the snperior (thoraeie) snrfaee of 
the diaphragm on eaeh side of the mediastinnm, except along 
its eostal attaehments (origins) and where the diaphragm is 
fnsed to the perieardinm, the flbroserons membrane snr- 
ronnding the heart (Figs. 1.30B & C and 1.32). A thin, more 
elastie layer of endothoraeie faseia, the phrenicopleural 
faseia, eonneets the diaphragmatie plenra with the mnsenlar 
flbers of the diaphragm (Fig. 1.30C). 

The eervieal pleura eovers the apex of the Inng (the 
part of the Inng extending snperiorly throngh the snperior 
thoraeie apertnre into the root of the neek—Figs. 1.30B & 
e and 1.31A). It is a snperior eontinnation of the eostal and 
mediastinal parts of the parietal plenra. The eervieal plenra 
forms a enp-like dome (pleural cupula) over the apex 
that reaehes its snmmit 2-3 em snperior to the level of the 
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FIGIJRE 1.31. Relatìonshìp of thoraeie eontents and linings of thoraeie eage. A. The apiees ofthe lungs and eervieal pleura extend into the neek. The left 
sternal refìeetion of parietal pleura and anterior border ofthe left lung deviate from the median plane, circumventing the area \A/here the heart is, lies adjaeent 
to the anterior thoraeie wa\\. In this “bare area” the perieardial sae is aeeessible for needle puncture w\th less risk of puncturing the pleural eavity or lung. 
B-D. The shapes ofthe lungs and the larger pleural saes that surround them during quiet respiration are demonstrated. The eostodiaphragmatie reeesses, 
not occupied by lung, are \A/here pleural exudate accumulates \A/hen the body is ereet. The outline of the horizontal fìssure of the right lung elearly parallels 
the 4th rib. The ribs are identifìed by number. 


medial third of the elaviele at the level of the neek of the Ist 
rib. The eervieal plenra is reinforeed by a fìbrons extension 
of the endothoraeie faseia, the suprapleural membrane 
(Sibson faseia). The membrane attaehes to the internal bor- 
der of the Ist rib and the transverse proeess of C7 vertebra 

(Fig. 1.30C). 


The relatively abrnpt lines along which the parietal plenra 
ehanges direetion as it passes (refìeets) from one wall of the 
plenral eavity to another are the lines of plenral refleetion 
(Figs. 1.31 and 1.32). Three lines of plenral refìeetion ont- 
line the extent of the pnlmonary eavities on eaeh side: ster- 
nal, eostal, and diaphragmatie. The ontlines of the right and 
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FIGIJRE 1.32. Dìaphragm, base of pulmonary eavìtìes and medìastìnum, and eostodìaphragmatìe reeesses. Most ofthe diaphragmatie pleura has been 
removed. At this level, the mediastinum eonsists of the perieardial sae (middle mediastinum) and the posterior mediastinum, mainly eontaining the esopha- 
gus and aorta. The deep groove surrounding the convexity of the diaphragm is the eostodiaphragmatie reeess, lined with parietal pleura. Anteriorly at this 
level, the pericardium and eostomediastinal reeesses and, between the sternal refleetions of pleura, an area of pericardium only (the bare area) lie between 
the heart and the thoraeie wall. 


left pulmonary eavities are asymmetrieal (i.e., are not mir- 
ror images of eaeh other) because the heart is turned and 
extends toward the left side, imposing on the left eavity more 
markedly than on the right. 

Deviation of the heart to the left side primarily affeets the 
right and left sternal lines of plenral refleetion, which 
are asymmetrieal. The sternal lines are sharp or abrupt and 
occur where the eostal pleura is continuous with the medias- 
tinal pleura anteriorly. Starting snperiorly from the cupulae 
(Fig. 1.31A), the right and left lines of sternal refleetion run 
inferomedially, passing posterior to the sternoelavienlar joints 
to meet at the anterior median line (AML), posterior to the 
sternnm at the level of its sternal angle. Between the levels of 
eostal eartilages 2-4, the right and left lines deseend in eon- 
taet. The plenral saes may even slightly overlap eaeh other. 

The sternal lìne of plenral refleetion on the right side eon- 
tinues to pass inferiorly in the AML to the posterior aspeet of 
the xiphoid proeess (level of the 6th eostal eartilage), where 
it turns laterally (Fig. 1.31). The sternal line of refleetion on 
the left side, however, deseends in the AML only to the level 
of the 4th eostal eartilage. Here it passes to the left margin 
of the sternnm and eontinnes inferiorly to the 6th eostal ear- 
tilage, ereating a shallow noteh as it runs lateral to an area 
of direet eontaet between the perieardinm (heart sae) and 
the anterior thoraeie wall. This shallow noteh in the plenral 
sae, and the “bare area” of perieardial eontaet with the ante- 
rior wall, are important for perieardioeentesis (see blue box, 
“Perieardioeentesis,” later in this ehapter). 


The eostal lines of plenral refleetion are sharp eontin- 
nations of the sternal lines, oeenrring where the eostal pleura 
beeomes continuous with diaphragmatie pleura inferiorly. 
The right eostal line proeeeds laterally from the AML. How- 
ever, beeanse of the bare area of pericardium on the left side, 
the left eostal line begins at the midelavienlar line; othenvise, 
the right and left eostal lines are symmetrieal as they proeeed 
laterally, posteriorly, and then medially, passing obliquely 
aeross the 8th rib in the midelavienlar line (MCL) and the 
lOth rib in the midaxillary line (MAL), beeoming eontinn- 
ous posteriorly with the vertebral lines at the neeks of the 
12th ribs inferior to them. 

The vertebral lines of plenral refleetion are much 
rounder, gradnal refleetions and occur where the eostal 
pleura beeomes continuous with the mediastinal pleura pos- 
teriorly. The vertebral lines of plenral refleetion parallel the 
vertebral column, rnnning in the paravertebral planes from 
vertebral level T1 throngh T12, where they beeome eontinn- 
ous with the eostal lines. 

The lungs do not hilly occupy the pulmonary eavities dur- 
ing expiration; thus the peripheral diaphragmatie pleura is 
in eontaet with the lowermost parts of the eostal pleura. The 
potential plenral spaees here are the eostodiaphragmatie 
reeesses, pleura-lined “gntters,” which surround the 
upward convexity of the diaphragm inside the thoraeie wall 

(Figs. 1.30B, 1.32, and 1.33C). Similar but smaller pleural 

reeesses are loeated posterior to the sternum where the 
eostal pleura is in eontaet with the mediastinal pleura. The 
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potential plenral spaees here are the eostomediastinal 
reeesses. The left reeess is larger (less oeenpied) beeanse 
the eardiae noteh in the left Inng is more prononneed than 
the eorresponding noteh in the plenral sae. The inferiorhor- 
ders of the Inngs move farther into the plenral reeesses dnr- 
ing deep inspiration and retreat from them dnring expiration 

(Fig. 1.33B & C). 

LUNGS 

The Inngs are the vital organs of respiration. Their main 
fnnetion is to oxygenate the blood by bringing inspired air 


into elose relation with the venons blood in the pnlmonary 
eapillaries. Althongh eadaverie Inngs may be shrnnken, firm 
or hard, and diseolored, healthy Inngs in living people are 
normally light, soft, and spongy, and fnlly oeenpy the pnl- 
monary eavities. They are also elastie and reeoil to approxi- 
mately one third their size when the thoraeie eavity is opened 
(Fig. 1.30C). The Inngs are separated from eaeh other by the 
mediastinnm. Eaeh Innghas (Figs. 1.33 and 1.34): 

• An apex, the blnnt snperior end of the Inng aseending 
above the level of the Ist rib into the root of the neek; the 
apex is eovered by eervieal plenra. 
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FIGIJRE 1.33. Gostal surfaces of lungs. The lungs are shovvn in isolation in anterior (A) and lateral vievvs (B), demonstrating lobes and fissures. C. The 
heart and lungs are shovvn in situ. The left lung is retraeted from the heart (eovered by fibrous pericardium) revealingthe phrenie nerve as it passes anterior 
to the root ofthe lung, vvhile the vagus nerve (CN X) passes posterior to the root. The superior lobe of the left lung in C is a variation that has neither a 
marked eardiae noteh nora lingula. 
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FIGIJRE 1.34. Medìastìnal surfaces and hila of lungs. Impressions are formed in embalmed lungs by eontaet with adjaeent structures. Superior to the 
root ofthe right lung (A), a groove is formed as the areh ofthe azygos vein courses anteriorly to enter the superior vena eava (SVC); whereas in the left lung 
(C), a similar but larger groove is formed superior to the root as the aorta arehes posteriorly and deseends as the thoraeie aorta. The hilum of eaeh lung is 
eentered in the mediastinal surface. At the hilum (B, D), the root of eaeh lung is surrounded by a pleural sleeve that deseends inferior to the root as the 
pulmonary ligament. The pulmonary veins are the most anterior and inferior in the root, with the bronehi eentral and posteriorly plaeed. 
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• A base, the eoneave inferior snrfaee of the Inng, opposite 

the apex, resting on and aeeommodating the ipsilateral 

dome of the diaphragm. 

• Two or three lohes, ereated by one or twofissures. 

• Three snrfaees (eostal, mediastinal, and diaphragmatie). 

• Three horders (anterior, inferior, and posterior). 

The right lung featnres right oblique and horizontal fis- 
sures that divide it into three right lobes; superior, mid- 
dle, and inferior. The right Inng is larger and heavier than 
the left, bnt it is shorter and wider beeanse the right dome 
of the diaphragm is higher and the heart and perieardinm 
bnlge more to the left. The anterior horder of the right lung 
is relatively straight. The left lung has a single left oblique 
fissure dividing it into two left lobes, superior and infe- 
rior. The anterior horder of the left lung has a deep ear- 
diae noteh, an indentation eonsequent to the deviation of 
the apex of the heart to the left side. This noteh primarily 
indents the antero-inferior aspeet of the snperior lobe. This 
indentation often shapes the most inferior and anterior part 
of the snperior lobe into a thin, tongne-like proeess, the lin- 
gula (L. dim. of lingaa, tongne), which extends below the 
eardiae noteh and slides in and ont of the eostomediastinal 
reeess dnring inspiration and expiration (Figs. 1.30B, 1.31A, 
and 1.34C). 

The Inngs of an embalmed eadaver, nsnally firm to the 
toneh, demonstrate impressions formed by strnetnres 
adjaeent to them, sneh as the ribs, heart, and great vessels 
(Figs. 1.33A and 1.34A & C). These markings provide elnes 

to the relationships of the Inngs; however, only the eardiae 
impressions are evident dnring snrgery or in fresh eadaverie 
or postmortem speeimens. 

The eostal surface of the lung is large, smooth, and 
convex. It is related to the eostal plenra, which separates it 
from the ribs, eostal eartilages, and innermost intereostal 
mnseles (Fig. 1.33C). The posterior part of the eostal snr- 
faee is related to the bodies of the thoraeie vertebrae and 
is sometimes referred to as the vertehral part of the eostal 
snrfaee. 

The mediastinal snrfaee of the lung is eoneave beeanse 
it is related to the middle mediastinnm, which eontains the 
perieardinm and heart (Fig. 1.34). The mediastinal snrfaee 
inelndes the hilnm, which reeeives the root of the Inng. If 
embalmed, there is a groovefor the esophagas and a eardiae 
impression for the heart on the mediastinal snrfaee of the 
right Inng. Beeanse two thirds of the heart lies to the left of 
the midline, the eardiae impression on the mediastinal snr- 
faee of the left Inng is mneh larger. This snrfaee of the left 
Inng also featnres a prominent, eontinnons groove for the 
areh of the aorta and the deseending aorta as well as a smaller 
areaforthe esophagas (Fig. 1.34C). 

The diaphragmatie snrfaee of the lung, which is also 
eoneave, forms the base of the lung, which rests on the 
dome of the diaphragm. The eoneavity is deeper in the right 
Inng beeanse of the higher position of the right dome, which 
overlies the liver. Laterally and posteriorly, the diaphrag- 


matie snrfaee is bonnded by a thin, sharp margin (inferior 
border) that projeets into the eostodiaphragmatie reeess of 
the plenra (Figs. 1.33C and 1.34). 

The anterior border of the lung is where the eostal 
and mediastinal snrfaees meet anteriorly and overlap the 
heart. The eardiae noteh indents this border of the left Inng. 
The inferior border of the lung eirenmseribes the dia- 
phragmatie snrfaee of the Inng and separates this snrfaee 
from the eostal and mediastinal snrfaees. The posterior 
border of the lung is where the eostal and mediastinal 
snrfaees meet posteriorly; it is broad and ronnded and lies in 
the eavity at the side of the thoraeie region of the vertebral 
eolnmn. 

The Inngs are attaehed to the mediastinnm by the roots 
of the lungs —that is, the bronehi (and assoeiated bronehial 
vessels), pnlmonary arteries, snperior and inferior pnlmo- 
nary veins, the pnlmonary plexuses of nerves (sympathetie, 
parasympathetie, and viseeral afferent fibers), and lymphatie 
vessels (Fig. 1.34). If the Inng root is seetioned before the 
(medial to) branehing of the main (primary) bronehns and 
pnlmonary artery, its general arrangement is 

• Pnlmonary artery: snperiormost on left (the snperior 
lobar or “eparterial” bronehns may be snperiormost on 
the right). 

• Snperior and inferior pnlmonary veins: anteriormost and 
inferiormost, respeetively. 

• Main hronehns: against and approximately in the middle 
of the posterior bonndary, with the bronehial vessels 
eonrsing on its onter snrfaee (nsnally on posterior aspeet 
at this point). 

The hilum of the lung is a wedge-shaped area on the 
mediastinal snrfaee of eaeh Inng throngh which the strne- 
tnres forming the root of the Inng pass to enter or exit the 
Inng (Fig. 1.34B & D). The hilnm (“doonvay”) ean be likened 
to the area of earth where a plant’s roots enter the gronnd. 
Medial to the hilnm, the Inng root is enelosed within the area 
of eontinnity between the parietal and the viseeral layers of 
plenra—the pleural sleeve (mesopnenmoninm). 

Inferior to the root of the Inng, this eontinnity between 
parietal and viseeral plenra forms the pulmonary ligament, 
extending between the Inng and the mediastinnm, immedi- 
ately anterior to the esophagns (Fig. 1.34A-D). The pnlmo- 
nary ligament eonsists of a donble layer of plenra separated 
by a small amonnt of eonneetive tissne. When the root of 
the Inng is severed and the Inng is removed, the pnlmonary 
ligament appears to hang from the root. To visnalize the root 
of the Inng, the plenral sleeve snrronnding it, and the pnl- 
monary ligament hanging from it, pnt on an extra-large lab 
eoat and abdnet yonr npper limb. Yonr forearm is eompa- 
rable to the root of the Inng, and the eoat sleeve represents 
the plenral sleeve snrronnding it. The pnlmonary ligament is 
eomparable to the slaek of the sleeve as it hangs from yonr 
forearm; and yonr wrist, hand, and abdneted fingers repre- 
sent the branehing strnetnres of the root—the bronehi and 
pnlmonary vessels. 
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TRACHEOBRONCHIAL TREE 

Beginning at the larynz, the walls of the ainvay are snp- 
ported by horseshoe- or C-shaped rings of hyaline eartilage. 
The snb-laryngeal ainvay eonstitntes the traeheobronehial 
tree. The traehea (deseribedwiththe superiormediastinum. 


later in this ehapter), loeated within the snperior mediasti- 
nnm, eonstitntes the trnnk of the tree. It bifnreates at the 
level of the transverse thoraeie plane (or sternal angle) into 
main bronehi, one to eaeh Inng, passing inferolaterally to 
enter the Inngs at the hila (singnlar = hilnm) (Fig. 1.35E). 
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FIGIJRE 1.35. Traeheobronehial tree and bronchopulmonary segments. A-D.The bronchopulmonary segments are demonstrated after injeetion ofa 
different eolor latex into eaeh tertiary segmental bronchus, as shovvn in E. The right main bronchus gives ofìFthe right superior lobar (lobe) bronchus befìore 
enteringthe hilum ofìthe lung. 
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• The right maìn bronehns is wider, shorter, and rnns 
more vertieally than the left main bronehns as it passes 
direetly to the hilnm of the Inng. 

• The left maìn bronehns passes inferolaterally, inferior 
to the areh of the aorta and anterior to the esophagns and 
thoraeie aorta, to reaeh the hilnm of the Inng. 

Within the Inngs, the bronehi braneh in a eonstant fashion 
to form the branehes of the traeheobronehial tree. Note that 
the hranehes of the traeheobronehial tree are eomponents of 
the root of eaeh Inng (eonsisting of branehes of the pnlmo- 
nary artery and veins as well as the bronehi). 

Eaeh main (primary) bronehns divides into seeondary 
lobar bronehi, two on the left and three on the right, eaeh 
of which snpplies a lobe of the Inng. Eaeh lobar bronehns 


divides into several tertiary segmental bronehi that snpply 
the bronehopnlmonary segments (Eigs. 1.35 and 1.36). 

The bronehopnlmonary segments are: 

• The largest snbdivisions of a lobe. 

• Pyramidal-shaped segments of the Inng, with their apiees 
faeing the Inng root and their bases at the plenral snrfaee. 

• Separated from adjaeent segments by eonneetive tissne 
septa. 

• Snpplied independently by a segmental bronehns and a 
tertiary braneh of the pnlmonary artery. 

• N amed aeeording to the segmental bronehi snpplying them. 

• Drained by intersegmental parts of the pnlmonary veins 
that lie in the eonneetive tissne between and drain adja- 
eent segments. 
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FIGIJRE 1.36. Internal structure and organìzatìon of lungs. VVithin the lungs, the bronehi and pulmonary arteries are paired and braneh in unison. 
Tertiary segmental (tertiary) branehes supplythe bronchopulmonary segments. Eaeh intrasegmental pulmonary artery, earrying poorly oxygenated blood, 
ends in a eapillary plexus in the walls of the alveolar saes and alveoli, where oxygen and earbon dioxide are exchanged. The intersegmental pulmonary 
veins arise from the pulmonary eapillaries, earrying well-oxygenated blood to the heart. Bronehial arteries are distributed along and supply the bronehial 
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• Usually 18-20 in number (10 in the right lung; 8-10 in the 
left lung, depending on the eombining of segments). 

• Snrgieally reseetable. 

Beyond the tertiary segmental bronehi (Fig. 1.35B), there are 
20 to 25 generations of branehing eondnetìng hronehioles that 
eventnally end as terminal bronehioles, the smallest eon- 
dneting bronehioles (Fig. 1.36). Bronehioles laek eartilage in 
their walls. Gondneting bronehioles transport air but laek 
glands or alveoli. Eaeh terminal bronehiole gives rise to several 
generations of respiratory bronehioles, eharaeterized by 
seattered, thin-walled ontpoeketings (alveoli) that extend from 
their lumens. The pnlmonary alveolns is the basie struetural 
unit of gas exehange in the lung. Due to the presenee of the 
alveoli, the respiratory bronehioles are involved both in air 
transportation and gas exchange. Eaeh respiratory bronehiole 
gives rise to 2-11 alveolar dnets, eaeh of which gives rise to 5-6 
alveolar saes. Alveolar dnets are elongated ainvays densely 
lined with alveoli, leading to eommon spaees, the alveolar 
saes, into which elnsters of alveoli open. New alveoli eontinne 
to develop until about age 8 years, by which time there are 
approximately 300 million alveoli. 

VASCUliATURE OF LUNGS AND PLEURAE 

Eaeh lung has a pnlmonary artery snpplying blood to it and 
two pnlmonary veins draining blood from it (Fig. 1.37). The 
right and left pulmonary arteries arise from the 'pnlmonary 


trank at the level of the sternal angle; they earry low-oxygen 
eVenous”) blood to the lungs for oxygenation. (They are usu- 
ally eolored blue, like veins, or bluish-purple in anatomieal 
illnstrations.) Eaeh pnlmonary artery beeomes part of the root 
of the eorresponding lung and divides seeondary lobar arter- 
ies. The nght and left snperior lohar arteries to the snperior 
lobes arise first, before entering the hilum. Continuing into 
the lung, the artery deseends posterolateral to the main bron- 
chus as the infenor lohar artery of the left lung and as an inter- 
mediate artery that will divide into middle and inferior lohar 
arteries of the right lung. Lobar arteries divide into tertiary 
segmental arteries. The arteries and bronehi are paired 
in the lung, branehing simultaneously and rnnning parallel 
eonrses. Consequently, a paired seeondary lobar artery and 
bronehns serves eaeh lobe. Likewise, a paired tertiary seg- 
mental artery and bronehns supply eaeh bronchopulmonary 
segment of the lung. Usually, the artery is loeated on the ante- 
rior aspeet of the eorresponding bronehns. 

Two pnlmonary veins, a superior and an inferior pulmo- 
nary vein on eaeh side, earry oxygen-rich (“arteriaE) blood 
from eorresponding lobes of eaeh lung to the left atrium of 
the heart. The middle lobe vein is a tributary of the right 
superior pulmonary vein. (Pnlmonary veins are eommonly 
eolored red, like arteries, or reddish-purple in anatomieal 
illnstrations.) The pnlmonary veins run independently of 
the arteries and bronehi in the lung, eonrsing between and 
reeeiving blood from adjaeent bronehopnlmonary segments 
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FIGIJRE 1.37. Pulmonary cìrculatìon. Although the intrapulmonary relationships are accurately demonstrated, the separation ofthe vessels ofthe root of 
the lung has been exaggerated in the hilar region to shovv them as they enter and leave the lung. Note that the right pulmonary artery passes under the areh 
of the aorta to reaeh the right lung and that the left pulmonary artery lies eompletely to the left of the areh. 
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as they mn toward the hilnm. Exeept in the eentral, perihilar 
region of the Inng, the veins from the viseeral plenra and the 
bronehial venons eirenlation drain into the pnlmonary veins, 
the relatively small volnme of low-oxygen blood entering the 
large volnme of oxygen-rich blood retnrning to the heart. 
Veins from the parietal plenra join systemie veins in adjaeent 
parts of the thoraeie wall. 

Bronehial arteries snpply blood for nntrition of the 
strnetnres making np the root of the Inngs, the snpporting 
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FIGURE1.38. Bronehial arteries and veins. A. The bronehial arteries 
supply the supporting tissues ofthe lungs and viseeral pleura. B. The bron- 
ehial veins drain the more proximal eapillary beds supplied by the bronehial 
arteries; the rest is drained by the pulmonary veins. 


tissues of the lungs, and the viseeral plenra (Fig. 1.38A). The 
two left bronehial arteries usually arise direetly from the 
thoraeie aorta. The single right bronehial artery may also 
arise direetly from the aorta; however it eommonly arises 
indireetly, either by way of the proximal part of one of the 
npper posterior intereostal arteries (nsnally the right 3rd pos- 
terior intereostal artery), or from a eommon tmnk with the 
left snperior bronehial artery. 

The small bronehial arteries provide branehes to the 
npper esophagns. Then they typieally pass along the poste- 
rior aspeets of the main bronehi, snpplying them and their 
branehes as far distally as the respiratory bronehioles. (How- 
ever, see the variation shown in Figs. 1.63 and 1.69, drawn 
from a eadaver disseetion.) The most distal branehes of the 
bronehial arteries anastomose with branehes of the pulmo- 
nary arteries in the walls of the bronehioles and in the vis- 
eeral plenra. The parietal plenra is snpplied by the arteries 
that snpply the thoraeie wall. 

The bronehial veins (Fig. 1.38B) drain only part of the 
blood snpplied to the lungs by the bronehial arteries, primar- 
ily that distribnted to or near the more proximal part of the 
roots of the lungs. The remainder of the blood is drained by 
the pnlmonary veins, speeifìeally the blood retnrning from 
the viseeral plenra, the more peripheral regions of the lung, 
and the distal eomponents of the root of the lung. The right 
hronehial vein drains into the azygos vein, and the left hron- 
ehial vein drains into the aeeessory hemi-azygos vein or the 
left snperior intereostal vein. Bronehial veins also reeeive 
some blood from esophageal veins. 

The pulmonary lymphatie plexuses eommnnieate 
freely (Fig. 1.39). The snperfìeial subpleural\lymphatic 
plexus lies deep to the viseeral plenra and drains the lung 
parenehyma (tissne) and viseeral plenra. Lymphatie vessels 
from this snperfìeial plexus drain into the bronchopulmo- 
nary lymph nodes (hilar lymph nodes) in the region of the 
lung hilum. 

The deep bronehopnlmonary lymphatie plexus is 

loeated in the submucosa of the bronehi and in the peribron- 
ehial eonneetive tissne. It is largely eoneerned with drain- 
ing the structures that form the root of the lung. Lymphatie 
vessels from this deep plexus drain initially into the intrinsie 
pulmonary lymph nodes, loeated along the lobar bron- 
ehi. Lymphatie vessels from these nodes eontinne to follow 
the bronehi and pnlmonary vessels to the hilum of the lung, 
where they also drain into the bronehopnlmonary lymph 
nodes. From them, lymph from both the snperfìeial and deep 
lymphatie plexuses drains to the snperior and inferior tra- 
eheobronehial lymph nodes, snperior and inferior to the 
bifnreation of the traehea and main bronehi, respeetively. 
The right lung drains primarily throngh the eonseentive sets 
of nodes on the right side, and the snperior lobe of the left 
lung drains primarily throngh eorresponding nodes of the 
left side. Many, but not all, of the lymphaties from the lower 
lobe of the left lung, however, drain to the right snperior 
traeheobronehial nodes; the lymph then eontinnes to follow 
the right-side pathway. 
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FIGIJRE 1.39. Lymphatie drainage of lungs. The lymphatie vessels originate from superficial subpleural and deep lymphatie plexuses. All lymph from the 
lung leaves along the root of the lung and drains to the inferior or superior traeheobronehial lymph nodes. The inferior lobe ofboth lungs drains to the een- 
trally plaeed inferior traeheobronehial (earinal) nodes, vvhieh primarily drain to the right side. The other lobes of eaeh lung drain primarily to the ipsilateral 
superior traeheobronehial lymph nodes. From here the lymph traverses a variable number of paratraeheal nodes and enters the bronehomediastinal trunks. 


Lymph from the traeheobronehial lymph nodes passes to 
the right and left bronehomediastinal lymph trnnks, the 

major lymph eondnits draining the thoraeie viseera. These 
trnnks nsnally terminate on eaeh side at the venons angles 
(jnnetions of the snbelavian and internal jngnlar veins); how- 
ever, the right bronehomediastinal trnnk may first merge 
with other lymphatie trnnks, eonverging here to form the 
short right lymphatie duet. The left bronehomediastinal 
trnnk may terminate in the thoraeie duet. Lymph from the 
parietal plenra drains into the lymph nodes of the thoraeie 
wall (intereostal, parasternal, mediastinal, and phrenie). A 
few lymphatie vessels from the eervieal parietal plenra drain 
into the axillary lymph nodes. 

NERVES OF LUNGS AND PLEURAE 

The nerves of the Inngs and viseeral plenra are derived from 
the pulmonary plexuses anterior and (mainly) posterior to 
the roots of the Inngs (Fig. 1.40). These nerve networks eon- 
tain parasympathetie, sympathetie, and viseeral afferent fibers. 


The parasympathetie fihers eonveyed to the pnlmonary 
plexus are presynaptie fibers from the vagns nerve (CN 
X). They synapse with parasympathetie ganglion eells (eell 
bodies of postsynaptie nenrons) in the pnlmonary plexuses 
and along the branehes of the bronehial tree. The para- 
sympathetie fibers are motor to the smooth mnsele of the 
bronehial tree (hronehoeonstrietor), inhibitory to the pnlmo- 
nary vessels {vasodilator), and seeretory to the glands of the 
bronehial tree (seeretomotor). 

The sympathetie fihers of the pnlmonary plexuses are 
postsynaptie fibers. Their eell bodies {sympathetie ganglion 
eells) are in the paravertehral sympathetie ganglia of the 
sympathetie tmnks. The sympathetie fibers are inhibitory to 
the bronehial mnsele (hronehodilator), motor to the pnlmo- 
nary vessels (vasoeonstrietor), and inhibitory to the alveolar 
glands of the bronehial tree—type II seeretory epithelial 
eells of the alveoli (Fig. 1.36). 

The viseeral afferentfihers of the pnlmonary plexuses are 
either refiexive (eondneting snbeonseions sensations asso- 
eiated with refiexes that eontrol fnnetion) or noeieeptive 
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FIGIJRE 1.40. Nerves of lungs and viseeral pleura. The right and left 
pulmonary plexuses, anterior and posterior to the roots of the lungs, reeeive 
sympathetie contributions from the right and left sympathetie trunks and 
parasympathetie contributions from the right and left vagus nerves (CN X). 
After contributing to the posterior pulmonary plexus, the vagus nerves 
continue inferiorly and beeome part of the esophageal plexus, often los- 
ing their identity and then reforming as anterior and posterior vagal trunks. 
Branehes of the pulmonary plexuses aeeompany pulmonary arteries and 
espeeially bronehi to and vvithin the lungs. 


(conducting pain impnlses generated in response to pain- 
ful or injnrions stimnli, sneh as ehemieal irritants, iseh- 
emia, or exeessive streteh). Reflexive viseeral afferent 
flhers with eell bodies in the sensory ganglion of the vagns 
nerve (CN X) aeeompany the parasympathetie fibers, eon- 
veying impnlses eentrally from nerve endings assoeiated 
with the: 

• Bronehial mneosa, probably in assoeiation with taetile 
sensation for eongh refiexes. 

• Bronehial mnseles, possibly involved in streteh reeeption. 

• Interalveolar eonneetive tissne, in assoeiation with Hering- 
Brener reflexes (a meehanism that tends to limit respiratory 
exeursions). 

• Pnlmonary arteries, serving pressor reeeptors (reeeptors 
sensitive to blood pressnre). 

• Pnlmonary veins, serving ehemoreeeptors (reeeptors sen- 
sitive to blood gas levels). 

Noeieeptive afferent flhers from the viseeral plenra and 
bronehi aeeompany the sympathetie fibers throngh the 


sympathetie trnnk to the sensory ganglia of npper thoraeie 
spinal nerves, whereas those from the traehea aeeompany the 
parasympathetie fibers to the sensory ganglion of the vagns 
nerve (CN X). 

The nerves of the parietal plenra derive from the intereos- 
tal and phrenie nerves. The eostal plenra and the peripheral 
part of the diaphragmatie plenra are snpplied by the inter- 
eostal nerves. They mediate the sensations of toneh and pain. 
The eentral part of the diaphragmatie plenra and the medi- 
astinal plenra are snpplied by the phrenie nerves (Figs. 1.32 
and 1.34B & D). 
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FIGIJRE 1.41. Surface anatomy of pleurae and lungs. 
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SURFACE ANATOMY OF PLEURAE AND LUNGS 

The eervieal pleurae and apiees of the lungs pass throngh the 
snperior thoraeie apertnre deep to the supraclavicular fos- 
sae, depressions loeated posterior and snperior to the elavieles 
and lateral to the tendons of the sternoeleidomastoid mnseles 
(Fig. 1.41). The anterior borders of the lungs lie adjaeent to 
the anterior line of refleetion of the parietal plenra betvveen 
the 2nd and 4th eostal eartilages. Here, the margin of the left 
plenral refleetion moves laterally and then inferiorly at the 
eardiae noteh to reaeh the 6th eostal eartilage. The anterior 
border of the left lung is more deeply indented by its ear- 
diae noteh. On the right side, the plenral refleetion eontinnes 
inferiorly from the 4th to the 6th eostal eartilage, paralleled 
elosely by the anterior border of the right lung. Both pleu- 
ral refleetions and anterior lung borders pass laterally at the 
6th eostal eartilages. The plenral refleetions reaeh the mid- 


elavienlar line (MCL) at the level of the 8th eostal eartilage, 
the lOth rib at the midaxillary line (MAL), and the 12th rib 
at the seapnlar line (SL); however, the inferior margins of the 
lungs reaeh the MCL at the level of the 6th rib, the MAL at 
the 8th rib, and the SL at the lOth rib, proeeeding toward the 
spinons proeess of TIO vertebra. They then proeeed toward 
the spinons proeess of T12 vertebra. Thus the parietal pleura 
generally extends approximately two ribs inferior to the lung. 

The ohlique fissnre of the lungs extends from the level of 
the spinons proeess of T2 vertebra posteriorly to the 6th eos- 
tal eartilage anteriorly, which eoineides approximately with 
the medial border of the seapnla when the upper limb is 
elevated above the head (causing the inferior angle to rotate 
laterally). The horizontal fissnre of the right lung extends 
from the oblique 6ssure along the 4th rib and eostal eartilage 
anteriorly. 


PLEURAE, LUNGS, AND 
TRACHEOBRONCHIAL TREE 


Injuries of Cervical Pleura 
and Apex of Lung 



Beeanse of the inferior slope of the Ist pair of ribs and 
the snperior thoraeie apertnre they form, the eervieal 
plenra and apex of the lung projeet throngh this 
opening into the neek, posterior to the inferior attaehments of 
the sternoeleidomastoid mnseles. Consequently, the lungs and 
plenral saes may be injnred in loonnds to the hase of the neek 
resnlting in a pneumothorax, the presenee of air (G. pneuma) 
in the plenral eavity. The eervieal plenra reaehes a relatively 
higher level in infants and young ehildren beeanse of the short- 
ness of their neeks. Consequently, the eervieal plenra is espe- 
eially vnlnerable to injnry dnríng infaney and early ehildhood. 



Injury to Other Parts of Pleurae 

The plenrae deseend inferior to the eostal margin in 
three regions, where an abdominal ineision might 
inadvertently enter a plenral sae: the right part of 
the infrasternal angle (Fig. 1.25) and right and left eostover- 
tebral angles (Fig. 1.41B). The small areas of plenra exposed 
in the eostovertebral angles inferomedial to the 12th ribs are 
posterior to the snperior poles of the kidneys. The plenra is 
in danger here (i.e., a pneumothorax may occur) from an 
ineision in the posteríor abdominal wall when snrgieal proee- 
dures expose a kidney, for example. 


Pulmonary Gollapse 



The lungs (more speeifleally, the air saes that eollee- 
tively make up the lung) are eomparable to an inflated 
balloon when they are distended. If the distension is 


not maintained, their inherent elastieity will cause them to eol- 
lapse {ateleetasis: seeondary ateleetasis is the eollapse of a pre- 
viously inflated lung; primary ateleetasis refers to the failnre of 
a lung to inflate at birth). An inflated balloon remains dis- 
tended only as long as its ontlet is elosed beeanse its walls are 
free to fnlly eontraet. Normal lungs in situ remain distended 
even when the ainvay passages are open beeanse the outer 
surfaces of the lungs (viseeral plenra) adhere to the inner sur- 
faee of the thoraeie walls (parietal pleura) as a result of the 
surface tension provided by the plenral fluid. The elastie reeoil 
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of the lungs causes the pressnre in the plenral eavities to be 
snb-atmospherie. The pressnre is usually about -2 mm Hg; 
dnring inspiration, it drops to abont -8 mm Hg. 

If a penetrating wound opens throngh the thoraeie wall or 
the snrfaee of the lungs, air will be sneked into the plenral 
eavity beeanse of the negative pressnre (Fig. B1.8). The sur- 
faee tension adhering viseeral to parietal plenra (lung to tho- 
raeie wall) will be broken, and the lung will eollapse, expelling 
most of its air beeanse of its inherent elastieity (elastie reeoil). 
When a lung eollapses, the plenral eavity (normally a poten- 
tial spaee) beeomes a real spaee. 

The plenral saes do not normally eommnnieate; thus one 
lung may be eollapsed after snrgery, for example, without the 
other lung eollapsing. Laeeration or rupture of the surface of a 
lung (and its viseeral plenra) or penetration of the thoraeie wall 
(and its parietal plenra) resnlts in hemorrhage and the entranee 
of air into the plenral eavity. The amonnt of blood and air that 
accumulates determines the extent of pnlmonary eollapse. 

When a lung eollapses, it oeenpies less volnme within the 
pnlmonary eavity and the pnlmonary eavity does not inerease 
in size (in faet, it may deerease in size) dnring inspiration. 
This rednetion in size will be evident radiographieally on the 
affeeted side by elevation of the diaphragm above its usual 
levels, intereostal spaee narrowing (ribs eloser together), and 
displaeement of the mediastinnm {mediastinal shift; most 
evident via the air-fílled traehea within it) toward the affeeted 
side. In addition, the eollapsed lung will usually appear more 
dense (whiter) surrounded by more radiolneent (blaeker) air. 

In open-ehest snrgery, respiration and lung infíation must 
be maintained by intnbating the traehea with a enffed tube 
and using a positive-pressnre pump, varying the pressnre to 
alternately infíate and defíate the lungs. 


of a pnlmonary lesion into the plenral eavity {hronehopnlmo- 
nary fistnla), resnlts in eollapse of the lung (Fig. B1.8). 
Fraetnred ribs may also tear the viseeral plenra and lung, 
thus producing pneumothorax. The accumulation of a sig- 
nifíeant amonnt of fíuid in the plenral eavity {hydrothorai) 
may resnlt from plenral efifnsion (eseape of fíuid into the 
plenral eavity). With a ehest wound, blood may also enter the 
plenral eavity {hemothorai) (Fig. B1.9). Hemothorax resnlts 
more eommonly from injnry to a major intereostal or internal 
thoraeie vessel than from laeeration of a lung. If both air and 
fíuid {hemopneumothorax, if the fíuid is blood) accumulate in 
the plenral eavity, an air-fiuid level or interfaee (sharp line, 
horizontal regardless of the patient’s position, indieating the 
upper surface of the fíuid) will be seen on a radiograph. 

Thoraeentesìs 

Sometimes it is neeessary to insert a hypodermie 
needle throngh an intereostal spaee into the plenral 
eavity {thoraeentesis) to obtain a sample of fíuid or 
to remove blood or pus (Fig. Bl.lO). To avoid damage to the 
intereostal nerve and vessels, the needle is inserted snperior 
to the rib, high enongh to avoid the eollateral branehes. The 
needle passes throngh the intereostal mnseles and eostal 
parietal plenra into the plenral eavity. When the patient is in 
the npright position, intraplenral fíuid accumulates in the 
eostodiaphragmatie reeess. Inserting the needle into the 9th 
intereostal spaee in the midaxillary line dnring expiration will 
avoid the inferior border of the lung. The needle shonld be 
angled upward, to avoid penetrating the deep side of the 
reeess (a thin layer of diaphragmatie parietal plenra and dia- 
phragm overlying the liver). 



Pneumothorax, Hydrothorax, 
and Hemothorax 



Entry of air into the plenral eavity {pneumothorax), 
resnlting from a penetrating wound of the parietal 
plenra from a bnllet, for example, or from rupture 



Insertion of a Chest Tube 



Major amounts of air, blood, serons fíuid, pus, or 
any eombination of these snbstanees in the plenral 
eavity are typieally removed by insertion ofi a ehest 
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FIGIJRE B1.9. Hemothorax ìn rìght pleural eavìty. 


FIGIJRE Bl.lO. Technìque for mìdaxìllary thoraeentesìs. 
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tuhe. A short ineision is made in the 5th or 6th intereostal 
spaee in the midaxillary line (which is approximately at nipple 
level). The tnbe may be direeted snperiorly (toward the eer- 
vieal plenra [Fig. 1.31A]) for air removal, or inferiorly (toward 
the eostodiaphragmatie reeess) for flnid drainage. The extra- 
eorporeal end of the tnbe (i.e., the end that is ontside of the 
body) is eonneeted to an nndenvater drainage system, often 
with eontrolled snetion, to prevent air from being sneked 
baek into the plenral eavity. Removal of air allows reinflation 
of a eollapsed Inng. Failnre to remove flnid may eanse the 
Inng to develop a resistant flbrons eovering that inhibits 
expansion nnless it is peeled off {lung deeortieatìon). 



Pleurectomy and Pleurodesis 

Obliteration of a plenral eavity by disease, sneh as 
plenrítis (inflammation of plenra), or dnring snrgery 
{plenreetomy , or excision of a part of the plenra, for 
example) (Fig. Bl.llA) does not eanse appreeiable fnnetional 
consequences; however, it may prodnee pain dnring exertion. 
In other proeednres, adherenee of the parietal and viseeral 
layers of plenra is indneed by eovering the apposing layers of 
plenra with an irritating powder or selerosing agent {pleuro- 
desis). Plenreetomy and plenrodesis are performed to pre- 
vent YecuYnngspontaneous seeondary ateleetasis (spontaneons 
Inng eollapse) eansed by ehronie pneumothorax or malignant 
effnsion resnlting from Inng disease (Shields et al., 2009). 


Thoraeoseopy 

Thoraeoseopy is a diagnostie and sometimes thera- 
pentie proeednre in which the plenral eavity is 
examined with a thoraeoseope (Fig. Bl.llB). Small 
ineisions are made into the plenral eavity via an intereostal 
spaee. In addition to observation, biopsies ean be taken and 
some thoraeie eonditions ean be treated (e.g., disrnpting 
adhesions or removing plaques). 




Pleuritis (Pleurisy) 

Dnring inspiration and expiration, the sliding of 
normally smooth, moist plenrae makes no deteet- 
able sonnd dnring auseultation of the lungs (listen- 
ing to breath sonnds); however, inflammation of the plenra, 
plenritis (plenrisy), makes the Inng snrfaees rongh. The 
resnlting frietion {plenral rah) is deteetable with a stetho- 
seope. It sonnds like a elnmp of hairs being rolled between 
the flngers. The inflamed snrfaees of plenra may also eanse 
the parietal and viseeral layers of plenra to adhere {plenral 
adhesion). Aente plenritis is marked by sharp, stabbing pain, 
espeeially on exertion, sneh as elimbing stairs, when the rate 
and depth of respiration may be inereased even slightly. 



Variations in Lobes of Lung 

Variations shonld be antieipated in the form of the 
Inngs. The oblique and horizontal flssnres may be 
ineomplete or absent in some speeimens, with eon- 
sequent rednetions in the nnmber or distinetiveness of lobes. 
Oeeasionally an extra flssnre divides a Inng. Consequently, the 
left Inng sometimes has three lobes and the right Inng only 
two. The snperior left lobe may not featnre a lingnla (Fig. 
1.33A & B). The most eommon “aeeessory” lobe is the azygos 
lohe, which appears in the right Inng in approximately 1% of 
people. The nsnally small aeeessory lobe appears snperior to 
the hilnm of the right Inng, separated from the rest of the Inng 
by a deep groove lodging the areh of the azygos vein. A less 
eommon large azygos lobe may appear as a bifnreated apex. 


Appearanee of Lungs and Inhalation 
of Garbon Partieles and Irritants 



The Inngs are light pink in healthy ehildren and peo- 
ple who are non-smokers and live in a elean environ- 
ment. The Inngs are eommonly dark and mottled in 
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most adults who live in either urban or agricultural areas, espe- 
eially those who smoke, because of the accumulation of earbon 
and dust partieles in the air and irritants in tobaeeo that are 
inhaled. Smokers cough resnlts from the inhalation of these 
irritants. However the lungs are eapable of accumulating a eon- 
siderable amonnt of earbon without being adversely affeeted. 
Lymph from the lungs earries speeial eells {phagoeytes) that 
remove earbon from the gas-exchanging snrfaees and deposit 
it in the “inaetive” eonneetive tissne, which snpports the lung, 
or in lymph nodes reeeiving lymph from the lungs. 


Auscultatìon of Lungs and 
Perenssìon of Thorax 



Auscultation of the lungs (listening to their sonnds 
with a stethoseope) and perenssion of the thorax 
(tapping on fingers pressed firmly on the thoraeie 
wall over the lungs to deteet sonnds in the lungs 
(Fig. B1.12A) are important techniques used during physieal 
examinations. Auscultation assesses airfiow throngh the tra- 
eheobronehial tree into the lobes of the lung. Perenssion 
helps establish whether the nnderlying tissnes are air filled 
(resonant sound), fiuid filled (dull sound), or solid (fiat 
sound). An awareness of normal anatomy, partienlarly the 
projeetion of the lungs and the portions that are overlapped 
by bone (e.g., the seapnla) with assoeiated mnseles, enable 
the examiner to know where fiat and resonant sonnds shonld 
be expected (Fig. B1.12B). Auscultation of the lungs and 
perenssion of the thorax shonld always inelnde the root of the 
neek where the apiees of the lungs are loeated (Fig. 1.41A). 
When elinieians refer to “auscultating the base of the lung,” 
they are not usually referring to its diaphragmatie snrfaee or 
anatomieal base. They are usually referring to the inferopos- 
terior part of the inferior lobe. To auscultate this area, the 


elinieian applies a stethoseope to the posterior thoraeie wall 
at the level of the lOth thoraeie vertebra. 



Aspiration of Foreign Bodies 

Beeanse the right main bronehns is wider and 
shorter and runs more vertieally than the left main 
bronehns, aspirated foreign hodies or food is more 
likely to enter and lodge in it or one of its branehes. A poten- 
tial hazard eneonntered by dentists is an aspirated foreign 
body, such as a pieee of tooth or filling material, that is likely 
to enter the right main bronehns. To maintain a more sterile 
environment and avoid aspiration of foreign objeets, some 
dentists insert a thin rnbber dam into the oral eavity before 
performing eertain proeednres. 


Bronehoseopy 

As a hronehoseope proeeeds down the traehea to 
enter a main bronehns, a keel-like ridge, the earina 
(L. keel of a boat), is observed between the orifiees 
of the right and left main bronehi (Fig. B1.13). A eartilagi- 
nous projeetion of the last traeheal ring, the earina normally 
lies in a sagittal plane and has a fairly definite edge. If the 
traeheobronehial lymph nodes in the angle between the main 
bronehi are enlarged beeanse eaneer eells have metastasized 
from a hronehogenie eareinoma, for example, the earina is 
distorted, widened posteriorly, and immobile. Henee, mor- 
phologieal ehanges in the earina are important diagnostie 
signs to bronehoseopists in assisting with the differential 
diagnosis of respiratory disease. 

The mucous membrane eovering the earina is one of 
the most sensitive areas of the traeheobronehial tree and is 
assoeiated with the cough reflex. For example, when someone 
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aspirates a peanut, they ehoke and eongh. Onee the peannt 
passes the earina, eonghing nsnally stops. If the ehoking vie- 
tim is inverted to make nse of gravity to expel the foreign 
body (postnral drainage of the Inngs), Inng seeretions passing 
the earina also eanse eonghing, which assists the expellation. 


in the bloeked segment will gradnally be absorbed into the 
blood, and the segment will eollapse. A segmental eollapse 
does not reqmre eompensating spaee in the plenral eavity to 
be realized beeanse adjaeent segments will expand to eompen- 
sate for the redneed volnme of the eollapsed segment. 


Lung Reseetions 



Knowledge of the anatomy of the bronehopnlmo- 
nary segments (Fig. 1.35) is essential for preeise 
interpretation of radiographs and other medieal 


Pulmonaxy Embolìsm 

Obstrnetion of a pnlmonary artery by a blood elot 
{emholns) is a eommon eanse of morbidity (siek- 
ness) and mortality (death). An embolns in a pnlmo- 



images of the Inngs. Awareness of these segments is also naryarteryforms whenabloodclot, fatglobnle, orairbnbble 

essential for snrgieal reseetion of diseased segments. travels in the blood to the Inngs from a leg vein, for example, 

Bronehial and pnlmonary disorders sneh as tnmors or after a eomponnd fraetnre. The embolns passes throngh the 

abseesses (eolleetions of pns) often loealize in a bronehopnl- right side of the heart to a Inng throngh a pnlmonary artery. 

monary segment, which may be snrgieally reseeted. Dnring It may bloek a pnlmonary artery— pulmonary emholism 

treatment of lung eaneer, the snrgeon may remove a whole (PE) —or one of its branehes. The pnlmonary arteries earry 

Inng (pnenmoneetomy), a lobe (loheetomy), or a bronehopnl- all the blood that has retnrned to the right heart via the vena 


monary segment (segmenteetomy). 


Segmental Ateleetasis 

Bloekage of a segmental bronehns (Fig. 1.35E, e.g.. 



eaval system. Consequently, the immediate resnlt of PE is 
partial or eomplete obstrnetion of blood flow to the Inng. The 
bloekage resnlts in a Inng or a seetor of a Inng that is venti- 
lated with air bnt not perfnsed with blood. 

When a large embolns oeelndes a pnlmonary artery, the 


by an aspirated objeet) will prevent air from reaehing patient snffers aeute respiratory distress beeanse of a major 
the bronehopnlmonary segment it snpplies. The air deerease in the oxygenation of blood, owing to bloekage of 
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blood flow throogh the lung. Gonversely, the right side of 
the heart may beeome acutely dilated beeanse the volnme 
of blood arriving from the systemie eirenit eannot be pnshed 
throngh the pnlmonary eirenit {acute eor pnlmonale). In 
either ease, death may oeenr in a few minntes. A medium- 
size embolns may bloek an artery snpplying a bronehopnl- 
monary segment, prodneing a pnlmonary infaret, an area of 
neerotie (dead) lung tissne. 

In physieally aetive people, a eollateral eirenlation—an 
indireet, aeeessory blood snpply—often exists and develops 
fnrther when there is a PE so that infaretion is not as likely 
to occur, or at least not be as devastating. Anastomoses with 
branehes of the bronehial arteries abonnd in the region of 
the terminal bronehioles. In ill people with impaired eirenla- 
tion in the lung, such as ehronie eongestion, PE eommonly 
resnlts in lung infaretion. When an area of viseeral plenra is 
also deprived of blood, it beeomes inflamed {plenritis) and 
irritates or beeomes fused to the sensitive parietal plenra, 
resnlting in pain. Pain from the parietal plenra is referred 
to the cutaneous distribution of the intereostal nerves to the 
thoraeie wall, or, in the ease of inferior nerves, to the anterior 
abdominal wall. 


Lymphatie Drainage 
and Plenral Adhesion 



If the parietal and viseeral layers of plenra adhere 
{plenral adhesion), the lymphatie vessels in the lung 
and viseeral plenra may anastomose (join) with pari- 
etal lymphatie vessels that drain into the axillary lymph 
nodes. The presenee of earbon partieles in these nodes is 
presnmptive evidenee of plenral adhesion. 


Hemoptysis 

Spitting of blood or blood-stained sputum derived 
from the lungs and/or bronehial tree is due to bron- 
ehial or pnlmonary hemorrhage. In about 95% of 
eases, the bleeding is from branehes of the bronehial arteries. 
The most eommon eanses inelnde hronehitis (inflammation 
of the bronehi), lung eaneer, pnenmonia, hronehieetasis, pul- 
monary emholism, and tuherculosis. 



Bronehogenie Gareinoma 

The term hronehogenie eareinoma was onee a spe- 
eifle designation for eaneer arising in a bronehns— 



usually squamous- (oat) or small-eell eareinoma 
eaneer)—but now the term refers to any lung eaneer. Lung 
eaneer (eareinoma—CA) is mainly eansed by eigarette smok- 
ing; most eaneers arise in the mneosa of the large bronehi and 
prodnee a persistent, prodnetive cough or hemoptysis (spit- 
ting of blood). Malignant (eaneer) eells ean be deteeted in 
the sputum (saliva-borne matter). The primary tumor, 
observed radiologieally as an enlarging lung mass 
(Eig. B1.14), metastasizes early to the bronehopnlmonary 
lymph nodes and subsequently to other thoraeie lymph 



Lung eareinoma: CT sean shows a mass in anterior 
segment of right upper lobe (arrow) adjaeent to 
pleura. 


FIGIJRE B1.14. Lung eaneer. 


nodes. Gommon sites of hematogenons metastases (spread- 
ing throngh the blood) of eaneer eells from a bronehogenie 
eareinoma are the brain, bones, lungs, and snprarenal glands. 
The tumor eells probably enter the systemie eirenlation by 
invading the wall of a sinnsoid or vennle in a lung. It is then 
transported throngh the pnlmonary veins, left heart, and 
aorta to these structures. Often the lymph nodes snperior to 
the elaviele—the supraclavicular lymph nodes —are enlarged 
when bronehogenie eareinoma develops owing to metastases 
of eaneer eells from the tumor. Consequently, the snpraela- 
vienlar lymph nodes were onee referred to as sentinel lymph 
nodes beeanse their enlargement alerted the physieian to the 
possibility of malignant disease in the thoraeie and/or abdom- 
inal organs. More reeently, the term sentinel lymph node has 
been applied to a node or nodes that flrst reeeive lymph 
draining from a eaneer-eontaining area, regardless of loea- 
tion, following injeetion of blue dye eontaining radioaetive 
traeer (technetium-99). 



Lung Ganeer and Mediastinal Nerves 

Lung eaneer involving a phrenie nerve may resnlt in 
paralysis of one half of the diaphragm (hemidia- 
phragm). Beeanse of the intimate relationship of 
the reenrrent laryngeal nerve to the apex of the lung (Eig. 
1.33C), this nerve may be involved in apieal lung eaneers. 
This involvement usually results in hoarseness owing to 
paralysis of a voeal fold (eord) beeanse the reenrrent laryn- 
geal nerve snpplies all but one of the laryngeal mnseles. 



Pleural Pain 

The viseeral plenra is insensitive to pain beeanse it 
reeeives no nerves of general sensation. The pari- 
etal plenra (partienlarly the eostal part) is extremely 
sensitive to pain. The parietal plenra is riehly snpplied by 
branehes of the intereostal and phrenie nerves. Irritation of 
the parietal plenra may prodnee loeal pain or referred pain 
projeeted to dermatomes snpplied by the same spinal (poste- 
rior root) ganglia and segments of the spinal eord. Irritation 
of the eostal and peripheral parts of the diaphragmatie plenra 
resnlts in loeal pain and referred pain to the dermatomes of 
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FIGITRE B1.15. Thoraeie radiography. A. Orientation for PA projeetion (arrow = X-ra.y beam) B. PA radiograph ofthorax (vievved in AP position). 
e. Sehematie dravving of PA radiograph. D. Lateral radiograph ofthe thorax (ehest). E. Sehematie dravving of lateral radiograph. F. Orientation for a lateral 
radiograph (arrow = X-ra.y beam). 


the thoraeie and abdominal walls. Irritation of the mediasti- 
nal and eentral diaphragmatie areas of parietal plenra resnlts 
in referred pain to the root of the neek and over the shonlder 
(C3-C5 dermatomes). 

ehest X-ray 

The most eommon radiographie stndy of the thorax 
is the posteroanterior (PA) projeetion (Fig. B1.15A), 
prodneing a PA radiograph (Fig. B1.15B) nsed 
primarily to examine the thoraeie respiratory and eardiovas- 
enlar strnetnres, as well as the thoraeie wall. The radiologist 
or teehnieian plaees the anterior aspeet of the patient’s tho- 
rax against the X-ray deteetor or film eassette and rotates the 
shonlders anteriorly to move the seapnlae away from the 
snperior parts of the Inngs (Fig. B1.15A). The person takes a 
deep breath and holds it. The deep inspiration eanses the 
diaphragmatie domes to deseend, filling the Inngs with air 


(inereasing their radiolneeney), and moving the inferior mar- 
gins of the Inngs into the eostodiaphragmatie reeesses. The 
inferior margins shonld appear as sharp, aente angles. Plenral 
effnsions aeenmnlating here do not allow the inferior margin 
to deseend into the reeess and the nsnal radiolneent air den- 
sity here is replaeed with a hazy radiopaeity. Lobar disease, 
sneh as pnenmonia, appears as loealized, relatively radiodense 
areas that eontrast with the radiolneeney of the remainder of 
the Inng. 

A PA radiograph, which is viewed as if yon were faeing 
the patient (an anteroposterior [AP] vieio), is a eomposite of 
the images east by the soft tissnes and bones of the thoraeie 
wall. Soft tissnes, inelnding those of the breasts, east shad- 
ows of varying density, depending on their eomposition and 
thiekness. Paralleling the snperior margins of the elavieles 
are shadows east by the skin and snbentaneons tissnes eover- 
ing these bones. The elavieles, ribs, and inferior eervieal and 
snperior thoraeie vertebrae are visible. In PA radiographs. 
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most ribs stand ont elearly against the baekgronnd of the rel- 
atively Ineent Inngs (Fig. B1.15B & C). The inferior ribs tend 
to be obsenred by the diaphragm and the snperior eontents 
of the abdomen (e.g., liver), depending on the phase of res- 
piration when the radiograph was taken. IJsnally only lateral 
margins of the mannbrinm are visible in these projeetions. 
The lower thoraeie vertebrae are more or less obsenred by 
the sternnm and mediastinnm. IJneommonly, eervieal ribs, 
missing ribs, forked ribs, and fnsed ribs are visible. Oeeasion- 
ally, the eostal eartilages are ealeifìed in older people (espe- 
eially the inferior eartilages). 

In PA projeetions, the right and left domes of the 
diaphragm are separated by the eentral tendon, which is 
obsenred by the heart. The right dome of the diaphragm, 
formed by the nnderlying liver, is nsnally approximately 
half an intereostal spaee higher than the left dome. The 
Inngs, beeanse of their low density, are relatively ineent 
eompared with snrronnding strnetnres. The Inngs exhibit 
a radiodensity similar to that of air and, therefore, prodnee 


paired radiolneent areas. In PA projeetions, the Inngs are 
obsenred inferior to the domes of the diaphragm and 
anterior and posterior to the mediastinnm. The pnlmo- 
nary arteries are visible in the hilar region of eaeh Inng. 
Intrapnlmonary vessels are slightly larger in ealiber in the 
inferior lobes. Transverse seetions of the air-filled bron- 
ehi have ineent eenters and thin walls. 

The areas obsenred in PA projeetions are nsnally visible 
in lateral radiographs. In lateral projeetions, the middle 
and inferior thoraeie vertebrae are visible, althongh they are 
partially obsenred by the ribs (Fig. B1.15D & E). The three 
parts of the sternnm are also visible. Lateral radiographs 
allow better viewing of a lesion or anomaly eonfìned to one 
side of the thorax. In a lateral projeetion, both domes of the 
diaphragm are often visible as they areh snperiorly from the 
sternnm. A lateral radiograph is made nsing a lateral projee- 
tion, with the side of the thorax against the fìlm eassette or 
X-ray deteetor and the npper limbs elevated over the head 

(Fig. B1.15F). 


The Bottom Lìne 


PLEURAE, LUNGS, AND TRACHEOBRONCHIAL TREE 

Pleurae: The thoraeie eavity is divided into three eompart- 
ments: two bilateral pulmonary eavities that are entirely sepa- 
rated by the eentral mediastinum. ♦ The pulmonary eavities are 
eompletely lined by membranous parietal pleura that refleets 
onto the lungs at their roots, beeoming the viseeral pleura that 
intimately invests the lungs’ outer surface. ♦ The pleural eavity 
between the two layers of the pleural sae is empty, except for a 
lubricating film of pleural fluid. The pleural fluid prevents the 
lungs from eollapse and causes the lungs to expand when the 
thorax expands for inhalation. ♦ Most of the parietal pleura is 
named forthe structures iteovers: eostal, mediastinal, and dia- 
phragmatie parts. ♦ The eervieal pleura extends into the root 
of the neek forming a dome above the anterior aspeet of the 1 st 
rib and elaviele. ♦ Parietal pleura is sensitive, being innervated 
by the phrenie and intereostal nerves. ♦ Because the lungs do 
not eompletely fill the pulmonary eavities, and because ofthe 
protrusion of the diaphragm and underlying abdominal viseera 
into the inferior thoraeie aperture, a peripheral gutter—the 
eostodiaphragmatie reeess—is formed. Extrapulmonary fluids 
(exudates) accumulate in this spaee when the trunk is ereet. 

Lungs: The lungs are the vital organs of respiration in 
which venous blood exchanges oxygen and earbon dioxide with 
a tidal airflow. ♦ Air and blood are delivered to eaeh lung via 
its root, eonsisting of a pulmonary artery and vein and a main 
bronchus and their branches/tributaries that enter the lung at 
its hilum. ♦ Both lungs are pyramidal, having an apex, a base, 
three surfaces, and three borders. ♦ The right lung has three 


lobes that are separated by horizontal and oblique fissures. 

♦ The left lung has two lobes, separated by an oblique fissure, 
and features a marked eardiae noteh in its anterior border 
owing to the asymmetrieal plaeement of the heart. 

Traeheobronehìal tree: The traeheobronehial tree is dis- 
tinguished grossly by eartilage in its walls. ♦ The bifurcation of 
the traehea (at the level of the sternal angle) is asymmetrieal: 
the right main bronchus is more vertieal and of greater ealiber 
than the left. ♦ The bronehi and pulmonary arteries course 
and braneh together: the main bronehi/arteries eaeh serve a 
lung, seeond-order lobar branehes supply two left and three 
right lobes, and third-order segmental branehes supply the 
8-10 bronchopulmonary segments ofeaeh lung. ♦ The bron- 
chopulmonary segment is the smallest reseetable division of 
the lung. ♦ The pulmonary veins run independent intersegmen- 
tal courses, draining adjaeent bronchopulmonary segments. ♦ 
The structures of the root of the lung and supporting tissues 
(and part of the esophagus) are supplied by bronehial arter- 
ies. ♦ The lymphatie drainage of the lungs follows a mostly 
predietable course, with most of the right lung and the supe- 
rior lobe of the left lung following ipsilateral pathways to the 
right lymphatie trunk and thoraeie duct. However, most of the 
drainage from the left inferior lobe passes to the right path- 
way. Nerve fibers of the pulmonary plexuses are autonomic 
(bronehioeonstrietive and seeretomotor vagal parasympathetie 
fibers; inhibitory and vasoeonstrietive sympathetie fibers) and 
viseeral afferent (reflex and pain). 
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FIGITRE 1.42. Subdivisions and levels of mediastinum. The subdivisions ofthe mediastinum are demonstrated as ifthe person were in the supine posi- 
tion. The level ofthe viseera relative to the subdivisions as defined by thoraeie eage landmarks depends on the individuafs position because the soft tissue of 
the mediastinum sags with the pull of gravity. 


Overview of Mediastinum 

The mediastinum (Mod. L. middle septum), oecupied by the 
mass of tissue betvveen the two pnlmonary eavities, is the een- 
tral eompartment of the thoraeie eavity (Fig. 1.42). It is eovered 
on eaeh side by medìastìnal plenra and eontains all the tho- 
raeie viseera and structures except the lungs. The mediastinnm 
extends from the superior thoraeie apertnre to the diaphragm 
inferiorly, and from the stemnm and eostal eartilages anteriorly 
to the bodies of the thoraeie vertebrae posteriorly. Unlike the 
rigid strnetnre observed in the embalmed eadaver, the medias- 
tinnm in living people is a highly mobile region because it eon- 
sists primarily of hollow (liquid- or air-filled) viseeral stmetnres 
nnited only by loose eonneetive tissne, often infiltrated with fat. 
The major strnetnres in the mediastinnm are also snrronnded 
by blood and lymphatie vessels, lymph nodes, nerves, and fat. 

The looseness of the eonneetive tissne and the elastieity 
of the Inngs and parietal plenra on eaeh side of the mediasti- 
nnm enable it to aeeommodate movement as well as volnme 
and pressnre ehanges in the thoraeie eavity; for example, 
those resnlting from movements of the diaphragm, thoraeie 
wall, and traeheobronehial tree dnring respiration, eontrae- 
tion (beating) of the heart and pnlsations of the great arteries, 
and passage of ingested snbstanees throngh the esophagns. 
The eonneetive tissne beeomes more fibrons and rigid with 
age; henee the mediastinal strnetnres beeome less mobile. 
The mediastinnm is divided into snperior and inferior parts 
for pnrposes of deseription (Fig. 1.42). 

The superior mediastinum extends inferiorly from the 
snperior thoraeie apertnre to the horizontal plane that inelndes 
the sternal angle anteriorly and passes approximately throngh 
thejnnetion (IV dise) ofT4 and T5 vertehrae posteriorly, often 
referred to as the transverse thoraeie plane. The inferior 
mediastinnm —between the transverse thoraeie plane and 


the diaphragm—is fnrther snbdivided by the perieardinm into 
anterior, middle, and posterior parts. The perieardinm and its 
eontents (heart and roots of its great vessels) eonstitnte the 
middle mediastinnm. Some strnetnres, sneh as the esopha- 
gns, pass vertieally throngh the mediastinnm and therefore lie 
in more than one mediastinal eompartment. 

Perieardmm 

The middle mediastinnm inelndes the perieardinm, heart, 
and roots of its great vessels (Fig. 1.34)—aseending aorta, 
pnlmonary trnnk, and SVC—passing to and from the heart. 

The perieardinm is a fibroserons membrane that eovers the 
heart and the beginning of its great vessels (Figs. 1.33B and 
1.43). The perieardinm is a elosed sae eomposed of two layers. 
The tongh extemal layer, the fibrons perieardinm, is eontinn- 
ons with the eentral tendon of the diaphragm (Fig. 1.32). The 
intemal snrfaee of the fibrons perieardinm is lined with a glisten- 
ing serons membrane, the parietal layer of serous periear- 
dium. This layer is refieeted onto the heart at the great vessels 
(aorta, pnlmonary trnnk and veins, and snperior and inferior 
venae eavae) as the viseeral layer of serous pericardium. 
The serous pericardium is eomposed mainly of mesothelinm, 
a single layer of fiattened eells forming an epithelium that lines 
both the internal snrfaee of the fibrons perieardinm and the 
extemal snrfaee of the heart. The fibrons perieardinm is: 

• Gontinnons snperiorly with the tnniea adventitia (perivas- 
cular eonneetive tissne) of the great vessels entering and 
leaving the heart and with the pretraeheal layer of deep 
eervieal faseia. 

• Attaehed anteriorly to the posterior snrfaee of the ster- 
nnm by the sternoperieardial ligaments, which are 
highly variable in their development. 
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FIGIJRE 1.43. Pericardium and heart. A. The heart occupies the middle mediastinum and is enelosed by pericardium, eomposed oftvvo parts. The tough, 
outer fìbrous pericardium stabilizes the heart and helps prevent it from overdilating. Betv\/een the fìbrous pericardium and the heart is a “eollapsed” sae, the 
serous pericardium. The embryonie heart invaginates the wa\\ of the serous sae (B) and soon praetieally obliterates the perieardial eavity (C), leaving only a 
potential spaee betv\/een the layers of serous pericardium. C. and D. The perieardiaeophrenie ligament is the continuity of the fìbrous pericardium vvith the 
eentral tendon ofthe diaphragm. 


• Bound posteriorly by loose eonneetive tissue to struetures 
in the posterior mediastinnm. 

• Continuous inferiorly with the eentral tendon of the dia- 
phragm (Fig. 1.43C & D). 

The inferior wall (floor) of the flbrons perieardial sae is flrmly 
attaehed and eonflnent (partially blended) eentrally with the 
eentral tendon of the diaphragm. The site of eontinnity has 
been referred to as the perieardiaeophrenie ligament; 
however, the flbrons perieardinm and eentral tendon are not 
separate struetures that fused together seeondarily, nor are 
they separable by disseetion. As a resnlt of the attaehments just 
deseribed, the heart is relatively well tethered in plaee inside 
this flbrons sae. The pericardium is influenced by movements 
of the heart and great vessels, the sternnm, and the diaphragm. 

The heart and roots of the great vessels within the 
perieardial sae lie posterior to the sternnm, eostal earti- 
lages, and anterior ends of the 3rd-5th ribs on the left side 
(Fig. 1.44). The heart and perieardial sae are sitnated obliquely, 
approximately two thirds to the left and one third to the right 
of the median plane. If you turn your faee to the left about 
45° without rotating your shoulders, the rotation of your head 
approximates that of the heart relative to the trunk. 

The flbrons perieardinm proteets the heart against sud- 
den overfllling beeanse it is so nnyielding and elosely related 
to the great vessels that pieree it snperiorly. The aseending 
aorta earries the pericardium superiorly beyond the heart to 
the level of the sternal angle. 

The perieardial eavity is the potential spaee between 
opposing layers of the parietal and viseeral layers of serons peri- 
eardinm. It normally eontains a thin fllm of fluid that enables 
the heart to move and beat in a frietionless environment. 

The viseeral layer of serons perieardmm forms the epiear- 
dium, the ontermost of three layers of the heart wall. It extends 
onto the beginning of the great vessels, beeoming continuous 
with the parietal layer of serous pericardium (1) where the aorta 
and pnlmonary tmnk leave the heart and (2) where the SVC, 


inferior vena eava (IVC), and pnlmonary veins enter the heart. 
The transverse perieardial sinns is a transversely mnning 
passage within the perieardial eavity between these two gronps 
of vessels and the refleetions of serons pericardium around 
them. The refleetion of the serons pericardium around the 
seeond group of vessels deflnes the ohlique perieardial sinus. 
The perieardial sinnses form dnring development of the heart 
as a consequence of the folding of the primordial heart tube. 
As the heart tube folds, its venous end moves posterosnperiorly 
(Fig. 1.45) so that the venons end of the tube lies adjaeent to 
the arterial end, separated only by the transverse perieardial 
sinus (Fig. 1.46). Thus the transverse sinus is posterior to the 
intraperieardial parts of the pnlmonary tmnk and aseending 
aorta, anterior to the SVC, and snperior to the atria of the heart. 

As the veins of the heart develop and expand, a perieardial 
refleetion surrounding them forms the oblique perieardial 
sinus, a wide poeket-like reeess in the perieardial eavity pos- 
terior to the base (posterior aspeet) of the heart, formed by 
the left atrinm (Figs. 1.45 and 1.46). The oblique sinus is 
bounded laterally by the perieardial refleetions surrounding 
the pnlmonary veins and IVC and posteriorly by the peri- 
eardinm overlying the anterior aspeet of the esophagns. The 
oblique sinus ean be entered inferiorly and will admit several 
flngers; however, they eannot pass aronnd any of these stme- 
tures because the sinus is a blind sae (cul-de-sac). 

The arterial supply of the pericardium (Fig. 1.47) is 
mainly from a slender braneh of the internal thoraeie artery, 
the perieardiaeophrenie artery, that often aeeompanies or 
at least parallels the phrenie nerve to the diaphragm. Smaller 
eontribntions of blood eome from the: 

• Museulophrenie artery, a terminal braneh of the internal 
thoraeie artery. 

• Bronehial, esophageal, and snperior phrenie arteries, 
branehes of the thoraeie aorta. 

• Ooronary arteries (viseeral layer of serons perieardinm 
only), the flrst branehes of the aorta. 
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FIGIJRE 1.44. Perieardial sae in relation to sternum and phrenie nerves. This disseetion exposes the perieardial sae posterior to the body ofthe sternum 
from just superior to the sternal angle to the level of the xiphisternal Joint. The perieardial sae (and therefore the heart) lies approximately one third to the 
right of the midsternal line and two thirds to the left (inset). 
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FIGIJRE 1.45. Development of heart and pericardium. The longitudinal embryonie heart tube invaginates the double-layered perieardial sae (some- 
what like plaeing a wiener in a hot dog bun). The primordial heart tube then “loops” ventrally, bringing the primordial arterial and venous ends of the heart 
together and ereatingthe primordial transverse perieardial sinus (T) between them. With growth ofthe embryo, the veins expand and spread apart, inferiorly 
and laterally. The pericardium refìeeted around them forms the boundaries of the oblique perieardial sinus. /V/C, inferior vena eava; SVC, superior vena eava. 
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FIGIJRE 1.46. Interior of perieardíal sae. To remove the heart from the 
sae, the eight vessels piereing the sae were severed. The oblique perieardial 
sinus is circumscribed by five veins. The superior vena eava (5V/C), pulmo- 
nary trunk, and espeeially the aorta have intraperieardial portions. The peak 
ofthe perieardial sae occurs at the junction ofthe aseending aorta and the 
areh of the aorta. The transverse perieardial sinus is bounded anteriorly 
by the serous pericardium eovering the posterior aspeet of the pulmonary 
trunk and aseending aorta, posteriorly by that eovering the SVC, and 
inferiorly by the viseeral pericardium eoveringthe atria ofthe heart. IVC, 
inferior vena eava. 

The venous drainage of the perieardinm is from the: 

• Perieardiaeophrenie veins, tributaries of the braehioee- 
phalie (or internal thoraeie) veins. 

• Variable tribntaries of the azygos venons system (dis- 
enssed later in this ehapter). 


FIGIJRE 1.47. Arterial supply and venous drainage of pericardium. The 

arteries ofthe pericardium derive primarily from the internal thoraeie arter- 
ies with minor contributions from their musculophrenic branehes and the 
thoraeie aorta. The veins are tributaries of the braehioeephalie veins. 

The nerve snpply of the perieardinm is from the: 

• Phrenie nerves (C3-C5), primaiy sonree of sensory fìbers; 
pain sensations eonveyed by these nerves are eommonly 
referred to the skin (C3-C5 dermatomes) of the ipsilateral 
snpraelavienlar region (top of the shonlder of the same side). 

• Vagns nerves, fnnetion nneertain. 

• Sympathetie tmnks, vasomotor. 

The innervation of the perieardinm by the phrenie nerves, and 
the eonrse of these somatie nerves between the heart and the 





Aorta 


Pleural eavity 


Thoraeie 

wall 


Inferior 
vena eava 


Perieardial eavity 


Notoehord 


Bronehial 

bud 


Perieardioperitoneal 

eanal 


Pleural eavity 


Phrenie 

nerve 


Heart 


Left eommon 
eardinal vein 


Pleuropericardial 

fold 


Perieardial 

eavity 


Aorta 


Esophagus in 

primordial 

mediastinum 


'-""9 Phrenie 

. nerve 
Lateral 

thoraeie 

wall 


Pleuropericardial 

membrane 


Fibrous 
pericardium 



FIGURE 1.48. Development of fibrous perìcardìum and reloeatìon of phrenie nerve. Exuberant growth ofthe lungs into the primordial pleura eavities 
(pleuroperitoneal eanals) eleaves the pleuropericardial folds from the body wall, ereatingthe pleuropericardial membranes. The membranes includethe 
phrenie nerve and beeome the fibrous pericardium that eneloses the heart and separates the pleural and perieardial eavities. 
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lungs, make little sense unless the development of the fibrons 
perieardinm is eonsidered. A membrane {plenroperieardial 
memhrane) that inelndes the phrenie nerve is split or sepa- 
rated from the developing body wall by the developing plenral 
eavities, whieh extend to aeeommodate the rapidly growing 
Inngs (Fig. 1.48). The lungs develop within the perieardioperi- 
toneal eanals that run on both sides of the foregnt, eonneeting 
the thoraeie and abdominal eavities on eaeh side of the sep- 
tum transversnm. The eanals (primordial plenral eavities) are 
too small to aeeommodate the rapid growth of the lungs, and 


they begin to invade the mesenehyme of the body wall poste- 
riorly, laterally, and anteriorly, splitting it into two layers: an 
outer layer that beeomes the definitive thoraeie wall (ribs and 
intereostal mnseles) and an inner or deep layer (the plenro- 
perieardial membranes) that eontains the phrenie nerves and 
forms the fibrons perieardium (Moore, Persaud, and Torehia, 
2012). Thus the perieardial sae ean be a sonree of pain just as 
the rib eage or parietal pleura ean be, althongh the pain tends 
to be referred to dermatomes of the body wall—areas from 
which we more eommonly reeeive sensation. 


MEDIASTINUM OVERVIEW 
AND PERICARDIUM 


Levels of Vìseera Relative to 
Mediastìnal Divisions 



The division between the snperior and inferior 
mediastinnm {transverse thoraeie plane) is defined 
in terms of bony body wall structures and is mostly 
independent of gravitational effeets. The level of the viseera 
relative to the snbdivisions of the mediastinnm depends on 
the position of the person (i.e., gravity). When a person is 
snpine or when a eadaver is being disseeted, the viseera are 
positioned higher (more snperior) relative to the snbdivisions 
of the mediastinnm than when the person is npright (Figs. 
1.42 and B1.16A). In other words, gravity pulls the viseera 
downward when we are vertieal. 

Anatomieal deseriptions traditionally deseribe the level of the 
viseera as if the person were in the snpine position —that is, lying 
faee upward in bed or on the operating or disseetion table. In 
this position, the abdominal viseera spread horizontally, pnshing 


the mediastinal stmetnres snperiorly. However, when the indi- 
vidnal is standing or sitting ereet, the levels of the viseera are as 
shown in Fignre B1.16B. This oeenrs beeanse the soft stmetnres 
in the mediastinnm, espeeially the perieardinm and its eontents, 
the heart and great vessels, and the abdominal viseera snpport- 
ing them, sag inferiorly under the infinenee of gravity. 

In the snpine position (Fig. B1.16A), the: 

• Areh of the aorta lies snperior to the transverse thoraeie plane. 

• Bifnreation of the traehea is transeeted by the transverse 
thoraeie plane. 

• Gentral tendon of the diaphragm (or the diaphragmatie 
snrfaee or inferior extent of the heart) lies at the level of 
the xiphisternal jnnetion and vertebra T9. 

When standing or sitting npright (Fig. B1.16B), the: 

• Areh of the aorta is transeeted by the transverse thoraeie 
plane. 

• Traeheal bifnreation lies inferior to the transverse thoraeie 
plane. 

• Gentral tendon of the diaphragm may fall to the level of 
the middle of the xiphoid proeess and T9-T10 IV dises. 
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FIGIJRE B1.16. Posìtìon of thoraeìe vìseera ìn supìne and standìng posìtìons. 
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This vertieal movement of mediastinal stmetnres must be eon- 
sidered during physieal and radiologieal examinations in the ereet 
and supine positions. In addition, when lying on one’s side, the 
mediastinnm sags toward the lower side under the pull of gravity. 


Superior 


vena eava 



Mediastinoseopy and 
Mediastinal Biopsies 

Using an endoseope {mediastinoseope), snrgeons ean 
see much of the mediastinum and eondnet minor 
snrgieal proeednres. They insert the endoseope 
throngh a small ineision at the root of the neek, just superior to 
the jugular noteh of the manubrium, into the potential spaee 
anterior to the traehea. Dnringmediastinoseopy^ snrgeons ean 
view or biopsy mediastinal lymph nodes to determine if eaneer 
eells have metastasized to them from a bronehogenie earei- 
noma, for example. The mediastinnm ean also be explored and 
biopsies taken throngh an anterior thoraeotomy (removing 
part of a eostal eartilage; see the blue box “Thoraeotomy, 
intereostal Spaee ineisions, and Rib Excision,” p. 83). 


Palmonary 

trunk 



Aseending 
aorta 

Finger passing 
through transverse 
perieardial sinus 


1* j 


FIGIJRE B1.17. Transverse perìeardìal sìnus. 


of the IVe. The same is tme for the terminal part of the SVC, 
which is partly inside and partly ontside the perieardial sae. 


Widening of Mediastinnm 

Radiologists and emergeney physieians sometimes 
observe widening of the mediastinnm when viewing 
ehest radiographs. Any stmetnre in the mediastinnm 
may eontribnte to pathologieal widening. It is often observed 




Periearditis, Perieardial Rub, 
and Perieardial Effasion 

The perieardinm may be involved in several disease 

proeesses. Inflammation of the perieardinm {periear- 

ditis) usually causes ehest pain. It may also make the 
after trauma resulting from a head-on eollision, for example, serous pericardium rough. Usually the smooth opposing layers 

which prodnees hemorrhage into the mediastinnm from laeer- of serous pericardium make no deteetable sound during auscul- 

ated great vessels, such as the aorta or SVC. Frequently, malig- tation. If there is periearditis, frietion of the ronghened snrfaees 

nant lymphoma (eaneer of lymphatie tissue) produces massive may sound like the mstle of silk when listening with a stetho- 

enlargement of mediastinal lymph nodes and widening of the seope over the left sternal border and upper ribs {perieardial 

mediastinum. Hypertrophy (enlargement) of the heart (often frietion mh). A ehronieally inflamed and thiekenedperieardinm 

oeenrring due to eongestive heart failnre, in which venous may ealeify, seriously hampering eardiae effleieney. Some 

blood retnrns to the heart at a rate that exceeds eardiae output) inflammatory diseases prodnee perieardial ejfnsion (passage of 


is a eommon cause of widening of the inferior mediastinnm. 


Surgical Signifieanee of 
Transverse Perieardial Sinus 


fluid from perieardial eapillaries into the perieardial eavity, or an 
accumulation of pus). As a result, the heart beeomes eom- 
pressed (unable to expand and flll fiilly) and ineffeetive. Non- 
inflammatory perieardial effiisions often occur with eongestive 
heartfailnre, in which venous blood retums to the heart at a rate 



The transverse perieardial sinns is espeeially impor- that exceeds eardiae output, producing right eardiae hyperten- 

tant to eardiae snrgeons. After the perieardial sae is sion (elevated pressnre in the right side of the heart). 


opened anteriorly, a flnger ean be passed throngh 
the transverse perieardial sinus posterior to the aseending 
aortaandpnlmonary tmnk (Fig. E1.17). Ry passing a snrgieal 
elamp or a ligatnre around these large vessels, inserting the 
tubes of a eoronary bypass maehine, and then tightening the 
ligatnre, snrgeons ean stop or divert the eirenlation of blood 
in these arteries while performing eardiae snrgery, such as 
eoronary artery hypass grafting. 



Exposure of Venae Gavae 


Gardìae Tamponade 

The fibrous pericardium is a tough, inelastie, elosed 
sae that eontains the heart, normally the only occu- 
pant other than a thin inbrieating layer of periear- 
dial fluid. If extensive perieardial effnsion exists, the 
eompromised volume of the sae does not allow fiill expansion 
of the heart, limiting the amount of blood the heart ean 
reeeive, which in turn rednees eardiae output. Oardiae tam- 
ponade (heart eompression), is a potentially lethal eondition 



After aseending throngh the diaphragm, the entire beeanse heart volume is inereasingly eompromised by the 
thoraeie part of the IVC (approximately 2 em) is fluid outside the heart but inside the perieardial eavity. 


enelosed by the perieardinm. Consequently, the 


Elood in the perieardial eavity, hemopericardium, likewise 


perieardial sae must be opened to expose this terminal part prodnees eardiae tamponade. Hemopericardium may result 
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from perforation of a weakened area of heart mnsele owing 
to a previons myoeardìal infaretion (MI) or heart attaek, 
from bleeding into the perieardial eavity after eardiae opera- 
tions, or from stab wounds. This sitnation is espeeially lethal 
beeanse of the high pressnre involved and the rapidity with 
which the flnid aeenmnlates. The heart is inereasingly eom- 
pressed and eirenlation fails. The veins of the faee and neek 
beeome engorged beeanse of the baeknp of blood, beginning 
where the SVC enters the perieardinm. 

In patients with pneumothorax —air or gas in the plenral 
eavity—the air may disseet along eonneetive tissne planes and 
enter the perieardial sae, prodneing a pneumopericardium. 

Perieardioeentesis 

Drainage of flnid from the perieardial eavity, periear- 
dioeentesis, is nsnally neeessary to relieve eardiae tam- 
ponade. To remove the excess flnid, a wide-bore needle 
may be inserted throngh the left 5th or 6th intereostal spaee near 
the stemnm. This approaeh to the perieardial sae is possible 
beeanse the eardiae noteh in the left Inng and the sha]lower noteh 
in the left plenral sae leaves part of the perieardial sae exposed— 
the bare area of the perieardinm (Figs. 1.31A and 1.32). The 
perieardial sae may also be reaehed via the infrastemal angle by 
passing the needle snperoposteriorly (Fig. B1.18). At this site, the 
needle avoids the Inng and plenrae and enters the perieardial 
eavity; however, eare mnst be taken not to pnnetnre the intemal 
thoraeie artery or its terminal branehes. In aente eardiae tampon- 
ade from hemoperieardinm, an emergeney thoraeotomy may be 
performed (the thorax is rapidly opened) so that the perieardial 
sae may be ineised to immediately relieve the tamponade and 
establish s;tasis of the hemorrhage (stop the eseape of blood) from 
the heart (see blne box “Thoraeotomy, intereostal Spaee 
ineisions, and Rib Excision,” earlier in this ehapter). 



FIGUREB1.18. Perìeardìoeentesìs. 

Positìonal Abnormalìties of the Heart 

Abnormal folding of the embryonie heart may eanse 
the position of the heart to be eompletely reversed 
so that the apex is misplaeed to the right instead of 
the left— dextrocardia. This eongenital anomaly is the most 
eommon positional abnormality of the heart, bnt it is still 
relatively nneommon. Dextrocardia is assoeiated with mirror 
image positioning of the great vessels and areh of the aorta. 
This anomaly may be part of a general transposition of the 
thoraeie and abdominal viseera {situs inversus), or the trans- 
position may affeet only the heart {isolated dextrocardia). In 
dextrocardia with sitns inversns, the ineidenee of aeeompa- 
nying eardiae defeets is low, and the heart nsnally fnnetions 
normally. In isolated dextrocardia, however, the eongenital 
anomaly is eomplieated by severe eardiae anomalies, sneh as 
transposition of the great arteries. 




The Bottom Lìne 


MEDIASTINUM OVERVIEW AND PERICARDIUM 

Medìastìnmn overvìew: The medíastìnum ìs the eentral 
eompartment of the thoraeie eavity and eontains all thoraeie 
viseera except the lungs. ♦ Occupying structures are hollow 
(fluid or air filled), and although eontained between bony 
formations anteriorly and posteriorly, lie between “pneumatic 
paeking,” inflated to eonstantly ehanging volumes on eaeh 
side. ♦ The mediastinum is a pliable, dynamie structure that 
is moved by structures eontained within it (e.g., heart) and 
surrounding it (the diaphragm and other movements of respi- 
ration), as well as by the effeet of gravity and body position. 

♦ The superior mediastinum (above the transverse thoraeie 
plane) is occupied by the traehea and upper parts of the great 
vessels. ♦ The middle part (most) of the inferior mediastinum 
is occupied by the heart. ♦ Most ofthe posterior mediastinum 
is occupied by structures vertieally traversing all or much of 
the thorax. 


Perìcardìum: The pericardium is a fibroserous sae, invagi- 
nated by the heart and roots of the great vessels, that eneloses 
the serous eavity surrounding the heart. ♦ The fibrous periear- 
dium is inelastie, attaehed anteriorly and inferiorly to the ster- 
num and diaphragm, and blends with the adventitia of the great 
vessels as they enter or leave the sae. Thus it holds the heart in 
its middle mediastinal position and limits expansion (filling) of 
the heart. ♦ If fluid or a tumor occupies the perieardial spaee, 
the eapaeity of the heart is eompromised. ♦ The serous periear- 
dium lines the fibrous pericardium and the exterior of the heart. 
This glistening lubricated surface allows the heart (attaehed 
only by its afferent and efferent vessels and related refleetions of 
serous membrane) the free movement required for its “wring- 
ing-out” motions during eontraetion. ♦ The parietal layerofthe 
serous pericardium is sensitive. Pain impulses conducted from it 
by the somatie phrenie nerves result in referred pain sensations. 
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Heart 

The heart, slightly larger than one s loosely elenehed fist, 
is a donble, self-adjnsting snetion and pressnre pnmp, the 
parts of which work in nnison to propel blood to all parts of 
the body The right side of the heart {right heart) reeeives 
poorly oxygenated (venons) blood from the body throngh the 
SVe and IVC and pnmps it throngh the pnlmonary trnnk and 


arteries to the Inngs for oxygenation (Fig. 1.49A). The left 
side of the heart {left heart) reeeives well-oxygenated (arte- 
rial) blood from the Inngs throngh the pnlmonary veins and 
pnmps it into the aorta for distribntion to the body. 

The heart has fonr ehambers: right and left atria and 
right and left ventrieles. The atria are reeeiving eham- 
bers that pnmp blood into the ventrieles (the diseharging 
ehambers). The synehronons pnmping aetions of the hearts 
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Pulmonary valve 
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ive 
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From upper 
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Aorta 
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(B) Beginning of diastole 
upon closure of aortie 
and pulmonary valves 


(C) Opening of atrio- 
ventricular valves 
during early 
moments of diastole 


(D) Atrial eontraetion 
during final 
moments of diastole 


(E) Closure of 

atrioventricular valves 
(tricuspid and mitral) 
very soon after 
systole begins 


(F) Opening of 

aortie and pulmonary 
valves during systole 


Anterior views 


FIGURE1.49. Gardiae eyele. The eardiae eyele deseribes the eomplete movement of the heart or heartbeat and includes the period from the beginning of 
one heartbeat to the beginning ofthe next one. The eyele eonsists of diastole (ventricular relaxation and filling) and systole (ventricular eontraetion and emp- 
tying). The right heart (blue side) is the pump for the pulmonary circuit; the left heart (red side) is the pump for the systemie circuit. 
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two atrioventricular (AV) pnmps (right and left ehambers) 
eonstitnte the eardiae eyele (Fig. 1.49B-F). The eyele 
begins with a period of ventrienlar elongation and filling 
(diastole) and ends with a period of ventrienlar shortening 
and emptying (systole). 

Two heart sounds are heard with a stethoseope: a luh 
(Ist) sonnd as the blood is transferred from the atria into 
the ventrieles, and a duh (2nd) sonnd as the ventrieles expel 
blood from the heart. The heart sonnds are prodneed by the 
snapping shnt of the oneway valves that normally keep blood 
from fiowing backward dnring eontraetions of the heart. 

The wall of eaeh heart ehamber eonsists of three layers, 
from snperfieial to deep (Fig. 1.43): 

1. Endocardium, a thin internal layer (endothelinm and 
snbendothelial eonneetive tissne) or lining membrane of 
the heart that also eovers its valves. 

2. Myocardium, a thiek, helieal middle layer eomposed of 
eardiae mnsele. 

3. Epicardium, a thin external layer (mesothelinm) formed 
by the viseeral layer of serons perieardinm. 

The walls of the heart eonsist mostly of myoeardinm, espe- 
eially in the ventrieles. When the ventrieles eontraet, they 
prodnee a wringing motion beeanse of the donble helieal ori- 
entation of the eardiae mnsele fibers (Torrent-Gnasp et al., 
2001) (Fig. 1.50). This motion initially ejeets the blood from 
the ventrieles as the onter (basal) spiral eontraets, first nar- 
rowing and then shortening the heart, redneing the volnme 
of the ventrienlar ehambers. Gontinned sequential eontrae- 
tion of the inner (apieal) spiral elongates the heart, followed 
by widening as the myoeardinm briefiy relaxes, inereasing 
the volnme of the ehambers to draw blood from the atria. 

The eardiae mnsele fibers are anehored to the fibrous 
skeleton of the heart (Fig. 1.51). This is a complex frame- 
work of dense eollagen forming fonr fibrous rings (L. anuli 
fihrosi) that snrronnd the orifiees of the valves, a right and 
left fibrons trigone (formed by eonneetions between rings), 
and the membranons parts of the interatrial and interven- 
trienlar septa. The fibrons skeleton of the heart: 

• Keeps the orifiees of the AV and semilnnar valves pat- 
ent and prevents them from being overly distended by an 
inereased volnme of blood pnmping throngh them. 

• Provides attaehments for the leafiets and ensps of the valves. 

• Provides attaehment for the myoeardinm, which, when 
nneoiled, forms a eontinnons ventricular myoeardial 
band that originates primarily from the fibrons ring of 
the pnlmonary valve and inserts primarily into the fibrons 
ring of the aortie valve (Fig. 1.50). 

• Forms an eleetrieal “insnlator,” by separating the myenteri- 
eally eondneted impnlses of the atria and ventrieles so that 
they eontraet independently and by snrronnding and provid- 
ing passage for the initial part of the AV bnndle of the eon- 
dneting system of the heart (disenssed later in this ehapter). 

Externally, the atria are demareated from the ventrieles 

by the eoronary sulcus (atrioventricular groove), and 


Aortav /Pulmonarv 



Basal spiral Apieal spiral 


FIGIJRE 1.50. Arrangement of the myocardium and the fibrous skel- 
eton of heart. The helieal (double spiral) arrangement ofthe myocardium 
(modified from Torrent-Guasp et al., 2001). When the superficial myoear- 
dium is ineised along the anterior interventricular groove {dashedredline) 
and peeled baek starting at its origin from the fibrous ring ofthe pulmonary 
trunk (PT), the thiek double spirals ofthe ventricular myoeardial band are 
revealed. The ventricular myoeardial band is progressively unwrapped. A 
band of nearly horizontal fibers forms an outer basal spiral {dark brown) that 
eomprises the outer wall ofthe right ventriele (right segment; rs) and exter- 
nal layer of the outer wall of the left ventriele (left segment; /s). The deeper 
apieal spiral (light brown), eomprises the internal layerofthe outerwall of 
the left ventriele. Its eriss erossing fibers make up the interventricular sep- 
tum. Thus the septum, like the outer wall of the left ventriele, is also double 
layered. The sequential eontraetion ofthe myoeardial band enables the 
ventrieles to fijnetion as parallel, sucking and propelling pumps; on eontrae- 
tion, the ventrieles do not merely eollapse inward but rather wring them- 
selves out. apm, anterior papillary muscles; ppm, posterior papillary muscles. 


the right and left ventrieles are demareated from eaeh other 
by anterior and posterior interventrienlar (IV) snlei 

(grooves) (Fig. 1.52B & D). The heart appears trapezoidal 
from an anterior or posterior view (Fig. 1.52A), bnt in three 
dimensions it is shaped like a tipped-over pyramid with its 
apex (direeted anteriorly and to the left), a base (opposite the 
apex, faeing mostly posteriorly), and fonr sides. 
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FIGITRE 1.51. Fibrous skeleton of heart. The isolated fibrous skeleton 
is eomposed offourfibrous rings (ortvvo rings and two “eoronets”), eaeh 
eneireling a valve; two trigones; and the membranous portions of the 
interatrial, interventricular, and atrioventricular septa. 


The apex of the heart (Fig. 1.52B): 

Is formed by the inferolateral part of the left ventriele. 
Lies posterior to the left 5th intereostal spaee in adnlts, 
nsnally approximately 9 em (a hand’s breadth) from the 
median plane. 

Remains motionless thronghont the eardiae eyele. 

Is where the sonnds of mitral valve elosnre are maximal 
(apex heat); the apex nnderlies the site where the heart- 
beat may be ansenltated on the thoraeie wall. 

The hase of the heart (Fig. 1.52C & D): 

Is the heart’s posterior aspeet (opposite the apex). 

Is formed mainly by the left atrinm, with a lesser eontribn- 
tion by the right atrinm. 

Faees posteriorly toward the bodies of vertebrae T6-T9 
and is separated from them by the perieardinm, oblique 
perieardial sinns, esophagns, and aorta. 

Extends snperiorly to the bifnreation of the pnlmonary 
trnnk and inferiorly to the eoronary snlens. 

Reeeives the pnlmonary veins on the right and left sides of its 
left atrial portion, and the snperior and inferior venae eavae 
at the snperior and inferior ends of its right atrial portion. 
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FIGURE1.52. Shape, orientation, surfaces, and borders of heart. A, B. The sternoeostal surface ofthe heart and the relationship ofthe great 
vessels are shown. The ventrieles dominate this surface (two thirds right ventriele, one third left ventriele). 
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FIGITRE 1.52. (Continued) C, D. The pulmonary (left) and diaphragmatie 
ship of the great vessels. 


(inferior) surfaces and the base of the heart are shown as well as the relation- 


The four snrfaees of the heart (Fig. 1.52A-D) are the: 

1. Anterior (sternoeostal) snrfaee, formed mainly by the 
right ventriele. 

2. Diaphragmatie (inferior) snrfaee, formed mainly by 
the left ventriele and partly by the right ventriele; it is 
related mainly to the eentral tendon of the diaphragm. 

3. Right pnlmonary snrfaee, formed mainly by the right 
atrinm. 

4. Left pnlmonary snrfaee, formed mainly by the left ven- 
triele; it forms the eardiae impression in the left Inng. 

The heart appears trapezoidal in both anterior (Fig. 1.52A & 

B) and posterior views (Fig. 1.52C & D). The fonr horders 

of the heart are the: 

1. Right horder (slightly convex), formed by the right 
atrinm and extending between the SVC and the IVC. 

2. Inferior horder (nearly horizontal), formed mainly by 
the right ventriele and slightly by the left ventriele. 

3. Left horder (oblique, nearly vertieal), formed mainly by 
the left ventriele and slightly by the left anriele. 

4. Snperior horder, formed by the right and left atria and 
anrieles in an anterior view; the aseending aorta and 
pnlmonary trunk emerge from this border and the SVC 
enters its right side. Posterior to the aorta and pnlmonary 
trunk and anterior to the SVC, this border forms the infe- 
rior bonndary of the transverse perieardial sinus. 


The pulmonary trunk, approximately 5 em long and 
3 em wide, is the arterial eontinnation of the right ventriele 
and divides into right and left pnlmonary arteries. The pul- 
monary trunk and arteries eondnet low-oxygen blood to the 
lungs for oxygenation (Figs. 1.49A and 1.52B). 

RIGHT ATRIUM 

The right atrinm forms the right border of the heart and 
reeeives venons blood from the SVC, IVC, and eoronary 
sinus (Fig. 1.52B & D). The ear-like right anriele is a eoni- 
eal muscular pouch that projeets from this ehamber like an 
add-on room, inereasing the eapaeity of the atrinm as it over- 
laps the aseending aorta. 

The interior of the right atrinm (Fig. 1.53A & B) has a: 

• Smooth, thin-walled, posterior part (the sinus venarum) 
on which the venae eavae (SVC and IVC) and eoronary 
sinus open, bringing poorly oxygenated blood into the 
heart. 

• Rough, muscular anterior wall eomposed of peetinate 
mnseles (L. mnsenli peetinati). 

• Right AV orifiee throngh which the right atrinm dis- 
eharges the poorly oxygenated blood it has reeeived into 
the right ventriele. 

The smooth and rough parts of the atrial wall are separated 
externally by a shallow vertieal groove, the sulcus terminalis 
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FIGIJRE 1.53. Right atrium of heart. A. The outerwall ofthe rightatrium has been ineised from the right auricle to the diaphragmatie surface. The wall 
has been retraeted to reveal the smooth-walled part of the atrium, the sinus venarum, derived from absorption of the venous sinus of the embryonie heart. 

All ofthe venous structures entering the right atrium (superior and inferior vena eavae and eoronary sinus) open into the sinus venarum. The shallow oval fossa 
is the site of fijsion ofthe embryonie valve ofthe oval foramen with the interatrial septum. B. The infìow from the superior vena eava {SVC) is direeted toward 
the right atrioventricular orifìee, whereas blood from the inferior vena eava {IVC) is direeted toward the oval fossa, as it was before birth. 


or terminal groove (Fig. 1.52C), and internally by a vertieal 
ridge, the erista terminalis or terminal erest (Fig. 1.53A). 
The SVe opens into the snperior part of the right atrinm 
at the level of the right 3rd eostal eartilage. The 1VC opens 
into the inferior part of the right atrinm almost in line with 
the SVe at approximately the level of the 5th eostal eartilage. 

The opening of the eoronary sinns, a short venons 
trnnk reeeiving most of the eardiae veins, is between the right 
AV orifiee and the IVC orifiee. The interatrial septnm sep- 
arating the atria has an oval, thumbprint-size depression, the 
oval fossa (L.fossa ovalìs), which is a remnant of the oval 
foramen (L. foramen ovale) and its valve in the fetus. Full 
understanding of the featnres of the right atrium requires an 
awareness of the development of the heart; see the blue box 
“Embryology of the Right Atrium,” p. 151. 

RIGHT VENTRIGLE 

The right ventriele forms the largest part of the anterior sur- 
faee of the heart, a small part of the diaphragmatie surface, 
and almost the entire inferior border of the heart (Fig. 1.52B). 


Snperiorly it tapers into an arterial eone, the eonns arterio- 
sus (infundibulum), which leads into the pnlmonary trunk 
(Fig. 1.54). The interior of the right ventriele has irregnlar 
muscular elevations (trabeenlae earneae). A thiek muscular 
ridge, the snpraventrienlar erest, separates the ridged mus- 
cular wall of the infiow part of the ehamber from the smooth 
wall of the conus arteriosus, or outfiow part. The infiow part 
of the ventriele reeeives blood from the right atrium through 

the right AV (trienspid) orifiee (Fig. 1.55A), loeated pos- 
terior to the body of the sternum at the level of the 4th and 
5th intereostal spaees. The right AV orifiee is surrounded by 
one of the fibrons rings of thefihrons skeleton of the heart 
(Fig. 1.51). The fibrons ring keeps the ealiber of the orifiee 
eonstant (large enough to admit the tips of three fingers), 
resisting the dilation that might othenvise result from blood 
being foreed throngh it at varying pressnres. 

The trienspid valve (Figs. 1.54 and 1.55) guards the right 
AV orifiee. The bases of the valve cusps are attaehed to the 
fibrous ring around the orifiee. Beeanse the fibrons ring main- 
tains the ealiber of the orifiee, the attaehed valve cusps eontaet 
eaeh other in the same way with eaeh heartbeat. Tendinoas 
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FIGIJRE 1.54. Interior of right ventriele of heart. The sternoeostal wall ofthe right ventriele has been excised. A. The tricuspid valve at the entranee to the 
ventriele (right atrioventricular [AV] orifìee) is open and the pulmonic valve at the exit to the pulmonary trunk is elosed, as they would be during ventricular 
fìlling (diastole). The smooth fìjnnel-shaped conus arteriosus is the outfìow traet of the ehamber. B. The infìow of blood enters the ehamber from its poste- 
rior and inferior aspeet, fìowing anteriorly and to the left (toward the apex); the outfìow of blood to the pulmonary trunk leaves superiorly and 
posteriorly. IVQ inferior vena eava; SVQ superiorvena eava. 


eords (L. ehordae tendineae) attaeh to the free edges and ven- 
trienlar snrfaees of the anterior, posterior, and septal ensps, 
mneh like the eords attaehing to a paraehnte (Fig. 1.54A). The 
tendinons eords arise from the apiees of papillary muscles, 
which are eonieal mnsenlar projeetions with bases attaehed to 
the ventrienlar wall. The papillary mnseles begin to eontraet 
before eontraetion of the right ventriele, tightening the tendi- 
nons eords and drawing the ensps together. Beeanse the eords 
are attaehed to adjaeent sides of two ensps, they prevent sepa- 
ration of the ensps and their inversion when tension is applied 
to the tendinons eords and maintained thronghont ventrienlar 
eontraetion (systole )—that is, the ensps of the trienspid valve 
are prevented from prolapsing (being driven into the right 
atrinm) as ventrienlar pressnre rises. Thns, regnrgitation of 


blood (backward flow of blood) from the right ventriele baek 
into the right atrinm is bloeked dnring ventrienlar systole by 

the valve ensps (Fig. 1.55C). 

Three papillary mnseles in the right ventriele eorrespond 
to the ensps of the trienspid valve (Fig. 1.54A): 

1. The anterior papillary mnsele, the largest and most 
prominent of the three, arises from the anterior wall of the 
right ventriele; its tendinons eords attaeh to the anterior 
and posterior ensps of the trienspid valve. 

2. The posterior papillary mnsele, smaller than the anterior 
mnsele, may eonsist of several parts; it arises from the infe- 
rior wall of the right ventriele, and its tendinons eords attaeh 
to the posterior and septal ensps of the trienspid valve. 
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FIGITRE 1.55. Valves of heart and greatvessels. A. The eoronary valves are shown insitu./\l/, atrioventricular. B. At the beginning of diastole (ventricular 
relaxation and filling), the aortie and pulmonary valves are elosed; shortly thereafter, the tricuspid and mitral valves open (also shown in Fig. 1.49). 
e. Shortly after systole (ventricular eontraetion and emptying) begins, the tricuspid and mitral valves elose and the aortie and pulmonary valves open. 


3. The septal papillary muscle arises from the interven- 
trienlar septnm, and its tendinons eords attaeh to the ante- 
rior and septal ensps of the trienspid valve. 

The interventricular septum (IVS), eomposed of mns- 
enlar and membranons parts, is a strong, obliquely plaeed 
partition betvveen the right and left ventrieles (Fig. 1.54A and 
1.57), forming part of the walls of eaeh. Beeanse of the mneh 
higher blood pressnre in the left ventriele, the muscular 
part of the IVS 5 which forms the majority of the septnm, has 
the thiekness of the remainder of the wall of the left ventriele 
(two to three times as thiek as the wall of the right ventriele) 


and bnlges into the eavity of the right ventriele. Snperiorly 
and posteriorly, a thin membrane, part of the fìbrons skeleton 
of the heart (Fig. 1.51), forms the mneh smaller membra- 
nous part of the IVS. On the right side, the septal ensp of 
the trienspid valve (Fig. 1.54) is attaehed to the middle of this 
membranons part of the fìbrons skeleton. This means that 
inferior to the ensp, the membrane is an interventrienlar sep- 
tnm, bnt snperior to the ensp it is an atrioventrienlar septnm, 
separating the right atrinm from the left ventriele. 

The septomarginal trabeenla (moderator band) is a 
enrved mnsenlar bnndle that traverses the right ventrienlar 
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ehamber from the inferior part of the IVS to the base of the 
anterior papillary mnsele. This trabeenla is important beeanse 
it earries part of the right braneh of the AV bnndle, a part 
of the eondneting system of the heart to the anterior papil- 
lary mnsele (see “Stimnlating and Gondneting System of the 
Heart,” pp. 148-149). This “shortent” aeross the ehamber 
seems to faeilitate eondnetion time, allowing eoordinated 
eontraetion of the anterior papillary mnsele. 

The right atrinm eontraets when the right ventriele is 
empty and relaxed; thns blood is foreed throngh this orifiee 
into the right ventriele, pnshing the ensps of the trienspid 
valve aside like enrtains. The infiow of blood into the right 
ventriele {infloio traet) enters posteriorly; and when the 
ventriele eontraets, the outfiow of blood into the pnlmo- 
nary trnnk {ontfloio traet) leaves snperiorly and to the left 
(Fig. 1.54B). Consequently, the blood takes a U-shaped path 
throngh the right ventriele, ehanging direetion abont 140°. 
This ehange in direetion is aeeommodated by the supraven- 
trienlar erest, which defieets the ineoming fiow into the 
main eavity of the ventriele, and the ontgoing fiow into the 
eonns arteriosns toward the pnlmonary orifiee. The infiow 
(AV) orifiee and outfiow (pnlmonary) orifiee are approxi- 


mately 2 em apart. The pnlmonary valve (Figs. 1.54B and 
1.55) at the apex of the eonns arteriosns is at the level of the 
left 3rd eostal eartilage. 

LEFT ATRIUM 

The left atrinm forms most of the base of the heart (Fig. 1.52C 
& D). The valveless pairs of right and left pnlmonary veins 
enter the smooth-walled atrinm (Fig. 1.56). In the embryo, 
there is only one eommon pnlmonary vein, jnst as there is a 
single pnlmonary trnnk. The wall of this vein and fonr of its 
tribntaries were ineorporated into the wall of the left atrinm, 
in the same way that the sinns venosns was ineorporated into 
the right atrinm. The part of the wall derived from the embry- 
onie pnlmonary vein is smooth walled. The tnbnlar, mnsen- 
lar left aariele, its wall trabeenlated with peetinate mnseles, 
forms the snperior part of the left border of the heart and 
overlaps the root of the pnlmonary trank (Fig. 1.52A & B). 
It represents the remains of the left part of the primordial 
atrinm. A semilnnar depression in the interatrial septnm indi- 
eates the fioor of the oval fossa (Fig. 1.56A); the snrronnding 
ridge is the valve of the oval fossa (L. valvnlae foramen ovale). 
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FIGIJRE 1.56. Interior of left atrium and ventriele of heart. A. The features ofthe internal aspeets ofthe left atrium and the infìowtract ofthe left ventri- 
ele are shown. AV, atrioventricular. B. The pattern of blood fìow through the left side ofthe heart. C. For parts A and B, the heart was ineised vertieally along 
its left borderand then transversely aeross the superior part ofits base, passing between the superior and the inferior left pulmonary veins. 
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The interior of the left atrinm has 

• A larger smooth-walled part and a smaller mnsenlar anri- 
ele eontaining peetinate mnseles. 

• Fonr pnlmonary veins (two snperior and two inferior) 
entering its smooth posterior wall (Fig. 1.56A-C). 

• A slightly thieker wall than that of the right atrinm. 

• An interatrial septnm that slopes posteriorly and to the 
right. 

• A left AV orifiee throngh whieh the left atrinm diseharges 
the oxygenated blood it reeeives from the pnlmonary 
veins into the left ventriele (Fig. 1.56B). 

LEFT VENTRIGLE 

The left ventriele forms the apex of the heart, nearly all its 
left (pnlmonary) snrfaee and border, and most of the dia- 
phragmatie snrfaee (Figs. 1.52 and 1.57). Beeanse arterial 
pressnre is mneh higher in the systemie than in the pnlmo- 
nary eirenlation, the left ventriele performs more work than 
the right ventriele. 


The interior of the left ventriele has (Fig. 1.57) 

• Walls that are two to three times as thiek as those of the 
right ventriele. 

• Walls that are mostly eovered with a mesh of traheenlae 
earneae that are finer and more nnmerons than those of 
the right ventriele. 

• A eonieal eavity that is longer than that of the right ven- 
triele. 

• Anterior and posterior papillary mnseles that are larger 
than those in the right ventriele. 

• A smooth-walled, non-mnsenlar, snpero-anterior outfiow 
part, the aortie vestibule, leading to the aortie orifiee 
and aortie valve. 

• A donble-leafiet mitral valve that gnards the left AV ori- 

fiee (Figs. 1.55 and 1.57A). 

• An aortie orifiee that lies in its right posterosnperior part 
and is snrronnded by a fibrons ring to which the right pos- 
terior, and left ensps of the aortie valve are attaehed; the 
aseending aorta begins at the aortie orifiee. 
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FIGIJRE 1.57. Interior and outflow traet of left ventriele of heart. A, B. The anterior surface ofthe left ventriele has been ineised parallel to the inter- 
ventricular groove, vvith the right margin of the ineision retraeted to the right, revealing an anterior vievv of the ehamber. B. The left atrioventricular orifiee 
and mitral valve are loeated posteriorly, and the aortie vestibule leads superiorly and to the right to the aortie valve. 
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The mitral valve has two cusps, anterior and posterior. 
The adjeetive mìtral derives from the valve’s resemblanee to 
a bishop’s miter (headdress). The mitral valve is loeated pos- 
terior to the sternnm at the level of the 4th eostal eartilage. 
Eaeh of its cusps reeeives tendinous eords from more than 
one papillary mnsele. These mnseles and their eords snpport 
the mitral valve, allowing the cusps to resist the pressure 
developed during eontraetions (pnmping) of the left ventri- 
ele (Fig. 1.57A). The eords beeome taut just before and dur- 
ing systole, preventing the cusps from being foreed into the 
left atrinm. As it traverses the left ventriele, the bloodstream 
nndergoes two right angle turns, which together resnlt in a 
180° ehange in direetion. This reversal of flow takes plaee 
aronnd the anterior cusp of the mitral valve (Fig. 1.57B). 

The semilunar aortie valve, between the left ventriele 
and the aseending aorta, is obliquely plaeed (Fig. 1.55). It is 
loeated posterior to the left side of the sternum at the level 
of the 3rd intereostal spaee. 

SEMILUNAR VALVES 

Eaeh of three semilnnar ensps of the pnlmonary valve 

{anterior, right, and left), like the semilnnar ensps of the 
aortie valve {posterior, right, and left), is eoneave when 

viewed snperiorly (Figs. 1.55B and 1.57A). (See the blue 
box “Basis for Naming Cusps of the Aortie and Pnlmonary 
Valves,” p. 153.) Semilnnar cusps do not have tendinons eords 
to snpport them. They are smaller in area than the cusps of 
the AV valves, and the foree exerted on them is less than half 
that exerted on the cusps of the tricuspid and mitral valves. 
The cusps projeet into the artery but are pressed toward 
(and not against) its walls as blood leaves the ventriele (Figs. 
1.55C and 1.58B). After relaxation of the ventriele {diastole), 
the elastie reeoil of the wall of the pnlmonary trunk or aorta 


forees the blood baek toward the heart. However, the cusps 
snap elosed like an nmbrella eanght in the wind as they eateh 
the reversed blood flow (Figs. 1.55B and 1.58C). They eome 

together to eompletely elose the oriflee, snpporting eaeh 
other as their edges abut (meet), and preventing any signifl- 
eant amonnt of blood from retnrning to the ventriele. 

The edge of eaeh cusp is thiekened in the region of eon- 
taet, forming the lunule; the apex of the angnlated free edge 
is thiekened fnrther as the nodule (Fig. 1.58A). Immediately 
snperior to eaeh semilnnar cusp, the walls of the origins of 
the pnlmonary trunk and aorta are slightly dilated, forming 
a sinus. The aortie sinuses and sinuses of the pulmonary 
trunk (pnlmonary sinnses) are the spaees at the origin of the 
pnlmonary trunk and aseending aorta between the dilated 
wall of the vessel and eaeh cusp of the semilunar valves (Figs. 
1.55B and 1.57A). The blood in the sinnses and the dilation 
of the wall prevent the cusps from stieking to the wall of the 
vessel, which might prevent elosnre. 

The mouth of the right eoronary artery is in the right aor- 
tie sinus, the mouth of the left eoronary artery is in the left 
aortie sinus, and no artery arises from the posterior aortie 

(non-eoronary) sinus (Figs. 1.57A and 1.58). 

VASCULATURE OF HEART 

The blood vessels of the heart eomprise the eoronary arter- 
ies and eardiae veins, which earry blood to and from most of 
the myocardium (Figs. 1.59 and 1.61). The endoeardinm and 
some snbendoeardial tissne loeated immediately external to 
the endoeardinm reeeive oxygen and nntrients by diffnsion or 
microvasculature direetly from the ehambers of the heart. The 
blood vessels of the heart, normally embedded in fat, eonrse 
aeross the snrfaee of the heart just deep to the epicardium. 
Oeeasionally, parts of the vessels beeome embedded within 
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FIGIJRE 1.58. Aortie valve, aortie sinuses, and eoronary arteries. A. Like the pulmonary valve, the aortie valve has three semilunar cusps: right, posterior, 
and left. B. Blood ejeeted from the left ventriele forees the cusps apart. C. When the valve eloses, the nodules and lunules meet in the eenter. 
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the myoeardmm. The blood vessels of the heart are affeeted 
by both sympathetie and parasympathetie innervation. 

Arteríal Supply of Heart. The eoronary arteries, the 
first branehes of the aorta, snpply the myoeardinm and epiear- 
dinm. The right and left eoronary arteries arise from the eor- 
responding aortie sinnses at the proximal part of the aseending 
aorta, jnst snperior to the aortie valve, and pass aronnd oppo- 
site sides of the pnlmonary trnnk (Figs. 1.58 and 1.59; Table 
1.4). The eoronary arteries snpply both the atria and the ven- 
trieles; however, the atrial branehes are nsnally small and not 
readily apparent in the eadaverie heart. The ventrienlar dis- 
tribntion of eaeh eoronary artery is not sharply demareated. 

The right eoronary artery (RCA) arises from the right 
aortie sinns of the aseending aorta and passes to the right side 
of the pnlmonary trnnk, rnnning in the eoronary snlens (Figs. 

1.58 and 1.59A). Near its origin, the RCA nsnally gives off 

an aseending sinu-atrial nodal braneh, which snpplies the 
SA node. The RCA then deseends in the eoronary snlens and 
gives off the right marginal braneh, which snpplies the right 
border of the heart as it rnns toward (bnt does not reaeh) the 
apex of the heart. After giving off this braneh, the RCA tnrns 
to the left and eontinnes in the eoronary snlens to the poste- 
rior aspeet of the heart. At the posterior aspeet of the crux (L. 
eross) of the heart —the jnnetion of the interatrial and inter- 
ventrienlar (IV) septa between the fonr heart ehambers—the 
RCA gives rise to the atrioventrienlar nodal braneh, which 
snpplies the AV node (Fig. 1.59A-C). The SA and AV nodes 
are part of the eondneting system of the heart (p. 148). 

Dominanee of the eoronary arterial system is defìned by 
which artery gives rise to the posterior interventrienlar (IV) 
braneh (posterior deseending artery). Dominanee of the right 
eoronary artery is typieal (approximately 67%) (Fig. 1.59A); 
the right eoronary artery gives rise to the large posterior 
interventrienlar braneh, which deseends in the posterior IV 
groove toward the apex of the heart. This braneh snpplies adja- 
eent areas of both ventrieles and sends perforating interven- 
trienlar septal branehes into the IV septnm (Fig. 1.59C). 
The terminal (left ventrienlar) braneh of the RCA then eontin- 
nes for a short distanee in the eoronary snlens (Fig. 1.59A & R). 
Thns, in the most eommon pattern of distribntion, the RCA 
snpplies the diaphragmatie snrfaee of the heart (Fig. 1.59D). 
Typieally, the RCA snpplies (Figs. 1.59): 

• The right atrinm. 

• Most of right ventriele. 

• Part of the left ventriele (the diaphragmatie snrfaee). 

• Part of the IV septnm, nsnally the posterior third. 

• The SA node (in approximately 60% of people). 

• The AV node (in approximately 80% of people). 

The left eoronary artery (LCA) arises from the left aortie 
sinns of the aseending aorta (Fig. 1.58), passes between the left 
anriele and the left side of the pnlmonary tmnk, and mns in 
the eoronary snlens (Fig. 1.59A & R). In approximately 40% 
of people, the SA nodal braneh arises from the circumfìex 
braneh of the LCA and aseends on the posterior snrfaee of the 
left atrinm to the SA node. As it enters the eoronary snlens, at 


the snperior end of the anterior IV groove, the LCA divides into 
two branehes, the anterior TV hraneh (elinieians eontinne to 
nse LAD, the abbreviation for the former term “left anterior 
deseending” artery) and the eircumflex hraneh (Fig. 1.59A & C). 

The anterior IV braneh passes along the IV groove to 
the apex of the heart. Here it tnrns aronnd the inferior bor- 
der of the heart and eommonly anastomoses with the poste- 
rior IV braneh of the right eoronary artery (Fig. 1.59R). The 
anterior IV braneh snpplies adjaeent parts of both ventrieles 
and, via IV septal branehes, the anterior two thirds of the IVS 
(Fig. 1.59C). In many people, the anterior IV braneh gives 
rise to a lateral braneh (diagonal artery), which deseends on 
the anterior snrfaee of the heart (Fig. 1.59A). 

The smaller circuniflex braneh of the LCA follows the 
eoronary snlens aronnd the left border of the heart to the 
posterior snrfaee of the heart. The left marginal braneh of 
the circumfìex braneh follows the left margin of the heart and 
snpplies the left ventriele. Most eommonly, the circumfìex 
braneh of the LCA terminates in the eoronary snlens on the 
posterior aspeet of the heart before reaehing the cmx of the 
heart (Fig. 1.59R), bnt in approximately one third of hearts 
it eontinnes to snpply a braneh that rnns in or adjaeent to the 
posterior IV groove (Fig. 1.60R). 

Typieally, the LCA snpplies (Fig. 1.59): 

• The left atrinm. 

• Most of the left ventriele. 

• Part of the right ventriele. 

• Most of the IVS (nsnally its anterior two thirds), inelnd- 

ing the AV bnndle of the eondneting system of the heart, 

throngh its perforating IV septal branehes. 

• The SA node (in approximately 40% of people). 

Variations of the Coronary Arteries. Variations in the 
branehing patterns and distribntion of the eoronary arteries 
are eommon. In the most eommon right dominant pattern, 
present in approximately 67% of people, the RCA and LCA 
share abont equally in the blood snpply of the heart (Figs. 
1.59 and 1.60A). In approximately 15% of hearts, the LCA 
is dominant in that the posterior IV braneh is a braneh of 
the circumfìex artery (Fig. 1.60B). There is eodominanee in 
approximately 18% of people, in which branehes of both the 
right and left eoronary arteries reaeh the cmx of the heart 
and give rise to branehes that eonrse in or near the poste- 
rior IV groove. A few people have only one eoronary artery 
(Fig. 1.60C). In other people, the circumfìex braneh arises 
from the right aortie sinns (Fig. 1.60D). Approximately 4% 
of people have an aeeessory eoronary artery. 

Coronary Collateral Circulation. The branehes of the 
eoronary arteries are generally eonsidered to be fnnetional 
end arteries (arteries that snpply regions of the myoeardinm 
laeking snffìeient anastomoses from other large branehes 
to maintain viability of the tissne shonld oeelnsion oeenr). 
However, anastomoses do exist between branehes of the 
eoronary arteries, snbepieardial or myoeardial, and between 
these arteries and extracardiac vessels sneh as thoraeie 
vessels (Standring, 2008). Anastomoses exist between the 
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FIGIJRE 1.59. Goronary arteries. A, B. In the most eommon pattern of distribution, the RCA anastomoses vvith the circumfìex braneh ofthe LCA 
(anastomoses are not shown) after the RCA has given rise to the posterior interventricular (IV) artery. A-C. The anterior IV artery (also ealled the left 
anterior deseending braneh) hooks around the apex of the heart to anastomose with the posterior IV artery. C. Arteries of the interventricular septum 
{IVS) are shown. The RCA braneh to the AV node is the fìrst of many septal branehes ofthe posterior IV artery. The septal branehes ofthe anterior inter- 
ventricular braneh of the LCA supply the anterior two thirds of the IVS. Because the AV bundle and bundle branehes are eentrally plaeed in and on the 
IVS, the LCA typieally provides most blood to this conducting tissue. D. A eross-seetion of the right and left ventrieles demonstrates the most eommon 
pattern of distribution of blood from the RCA (red) and LCA {orange) to the ventricular walls and IVS. 
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TABLE 1.4. ARTERIAL SUPPLY TO HEART 


Artery/Braneh 

Origin 

Course 

Distributìon 

Anastomoses 

Riqhtcoronary (RCA) 

Rightaortie sinus 

Follovvs eoronary (AV) sulcus 
betvveen atria and ventrieles 

Rightatrium, SA and AV 
nodes, and posterior part 
of IVS 

Circumflex and anterior IV 
branehes of LCA 

SA nodal 

RCA near its ori- 
gin (in 60%) 

Aseends to SA node 

Pulmonary trunkand SA 
node 


Right marginal 

RCA 

Passes to inferior margin of 
heartand apex 

Right ventriele and apex of 
heart 

IV branehes 

Posterior 

interventricular 

RCA (in 67%) 

Runs in posteriorlV groove 
to apex of heart 

Rightand leftventrieles and 
posterior third of IVS 

Anterior IV braneh of LCA 
(atapex) 

AV nodal 

RCA nearorigin of 
posterior IV artery 

Passes to AV node 

AV node 


Lefteoronary (LCA) 

Leftaortie sinus 

Runs in AV groove and gives 
off anterior IV and circumflex 
branehes 

Mostof leftatrium and ven- 
triele, IVS, and AV bundles; 
may supply AV node 

RCA 

SA nodal 

Circumflex braneh 
of LCA (in 40%) 

Aseends on posterior surface 
of left atrium to S A node 

Leftatrium and SA node 


Anterior 

interventricular 

LCA 

Passes along anteriorlV 
groove to apex of heart 

Rightand leftventrieles and 
anterior tvvo thirds of IVS 

Posterior IV braneh of RCA 
(atapex) 

Circumflex 

LCA 

Passes to left in AV sulcus 
and runs to posterior surface 
of heart 

Leftatrium and left ventriele 

RCA 

Left marginal 

Circumflex braneh 
of LCA 

Follovvs left border of heart 

Left ventriele 

IV branehes 

Posterior 

interventricular 

LCA (in 33%) 

Runs in posteriorlV groove 
to apex of heart 

Rightand leftventrieles and 
posterior third of IVS 

Anterior IV braneh of L 

CA (atapex) 


AV, atrioventricular; IV, interventricular; IVS, interventricular septunn; SA, sinu-atrial. 
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FIGURE 1.60. Variations in distribution of eoronary arteries. A. In the most eommon pattern (67%), the RCA is dominant, giving rise to the posterior 
interventricular braneh. B, C. The LCA gives rise to the posterior interventricular braneh in approximately 15% of individuals. D. Many other variations occur. 
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terminations of the right and the left eoronaiy arteries in the 
eoronary snlens and between the IV branehes aronnd the 
apex in approximately 10% of apparently normal hearts. The 
potential for development of eollateral eirenlation probably 
exists in most if not all hearts. 

Venous Draìnage of the Heart. The heart is drained 
mainly by veins that empty into the eoronary sinns and partly 
by small veins that empty into the right atrinm (Fig. 1.61). The 
eoronary sinns, the main vein of the heart, is a wide venons 
ehannel that runs from left to right in the posterior part of the 
eoronary suleus. The eoronary sinus reeeives the great eardiae 
vein at its left end and the middle eardiae vein and small ear- 
diae veins at its right end. The left posterior ventrienlar vein 
and left marginal vein also open into the eoronary sinus. 

The great eardiae vein is the main tribntary of the eoro- 
nary sinus. Its first part, the anterior interventrienlar vein, 
begins near the apex of the heart and aseends with the ante- 
rior TV hraneh of the LCA. At the eoronary sulcus it turns left, 
and its seeond part runs around the left side of the heart with 
the circumflex braneh of the LCA to reaeh the eoronary sinus. 
(An unusual situation is oeenrring here: Blood is flowing in 
the same direetion within a paired artery and vein!) The great 
eardiae vein drains the areas of the heart snpplied by the LCA. 

The middle eardiae vein (posterior IV vein) aeeompa- 
nies the posterior interventrienlar hraneh (usually arising from 
the RCA). A small eardiae vein aeeompanies the right mar- 
ginal hraneh of the RCA. Thus these two veins drain most of 
the areas eommonly snpplied by the RCA. The oblique vein 
of the left atrinm (of Marshall) is a small vessel, relatively 
nnimportant postnatally, that deseends over the posterior wall 
of the left atrium and merges with the great eardiae vein to 
form the eoronary sinns (deflning the beginning of the sinus). 
The oblique vein is the remnant of the embryonie left SVC, 
which usually atrophies during the fetal period, but oeeasion- 
ally persists in adults, replaeing or angmenting the right SVC. 


Some eardiae veins do not drain via the eoronary sinus. 
Several small anterior eardiae veins begin over the anterior 
snrfaee of the right ventriele, eross over the eoronary sulcus, 
and usually end direetly in the right atrium; sometimes they 
enter the small eardiae vein. The smallest eardiae veins 
(L. venae eordis minimae) are minute vessels that begin in 
the eapillary beds of the myocardium and open direetly into 
the ehambers of the heart, ehiefly the atria. Althongh ealled 
veins, they are valveless eommnnieations with the eapillary 
beds of the myoeardinm and may earry blood from the heart 
ehambers to the myoeardinm. 

Lymphatie Drainage of the Heart. Lymphatie vessels 
in the myoeardinm and snbendoeardial eonneetive tissue 
pass to the snbepieardial lympbatie plexus. Vessels from 
this plexus pass to the eoronary sulcus and follow the eoro- 
nary arteries. A single lymphatie vessel, formed by the union 
of varions lymphatie vessels from the heart, aseends between 
the pnlmonary trunk and left atrium and ends in the inferior 
traebeobronebial lympb nodes, usually on the right side. 

STIMUliATING, CONDUCTING, 

AND RECULATINC SYSTEMS OF HEART 

Stimulating and Conducting System ofthe Heart. In 

the ordinary sequence of events in the eardiae eyele, the 
atrium and ventriele work together as one pump. The eon- 
dneting system of tbe beart (Fig. 1.62) generates and 
transmits the impnlses that prodnee the eoordinated eontrae- 
tions of the eardiae eyele (disenssed earlier in this ehapter). 
The eondneting system eonsists of nodal tissne that initiates 
the heartbeat and eoordinates eontraetions of the four heart 
ehambers, and highly speeialized eondneting fihers for eon- 
dneting them rapidly to the different areas of the heart. The 
impnlses are then propagated by the eardiae striated muscle 
eells so that the ehamber walls eontraet simultaneously. 
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FIGIJRE 1.61. Gardiae veins. The great, middle, and small eardiae veins; the oblique vein ofthe left atrium; and the left posterior ventricular vein are the 
main vessels draining into the eoronary sinus. The eoronary sinus, in turn, empties into the right atrium. The anterior eardiae veins drain direetly into the 
auricle ofthe right atrium. 
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FIGIJRE 1.62. Conducting system of heart. A. Impulses {cìrrows) initiated atthe SA node, loeated atthe superiorend ofthe sulcus (internally, erista) 
terminalis, are propagated through the atrial musculature to the AV node. B. Impulses (arrows) reeeived by the AV node, in the inferior part ofthe interatrial 
septum, are conducted through the AV bundle and its branehes to the myocardium. The AV bundle begins at the AV node and divides into right and left 
bundles at the junction ofthe membranous and muscular parts ofthe IVS. 


The sinu-atrial (SA) node is loeated anterolaterally 
jnst deep to the epieardinm at the jnnetion of the SVC and 
right atrinm, near the snperior end of the sulcus termìnalis 
(Figs. 1.59A and 1.62A). The SA node—a small eolleetion of 
nodal tissne, speeialized eardiae mnsele fibers, and assoei- 
ated fibroelastie eonneetive tissne—is the paeemaker of the 
heart. The SA node initiates and regalates the impnlsesforthe 
eontraetions ofthe heart, giving off an impnlse approximately 
70 times per minnte in most people most of the time. The 
eontraetion signal from the SA node spreads myogenieally 
(throngh the mnsenlatnre) of both atria. The SA node is 
snpplied by the sinn-atrial nodal artery, which nsnally 
arises as an atrial braneh of the RCA (in 60% of people), 
bnt it often arises from the LCA (in 40%). The SA node 
is stimnlated by the sympathetie division of the antonomie 
nervons system to aeeelerate the heart rate and is inhibited 
by the parasympathetie division to retnrn to or approaeh its 
basal rate. 

The atrioventrienlar (AV) node is a smaller eolleetion 
of nodal tissne than the SA node. The AV node is loeated in 
the posteroinferior region of the interatrial septnm near the 
opening of the eoronary sinns (Figs. 1.59A-C and 1.62B). 
The signal generated by the SA node passes throngh the 
walls of the right atrinm, propagated by the eardiae mnsele 
(myogenie eondnetion), which transmits the signal rapidly 
from the SA node to the AV node. The AV node then distrib- 
ntes the signal to the ventrieles throngh the AV bnndle (Fig. 
1.62B). Sympathetie stimnlation speeds up eondnetion, and 
parasympathetie stimnlation slows it down. The AV bnndle, 
the only bridge between the atrial and ventrienlar myoear- 
dinm, passes from the AV node throngh the fihrons skeleton 
of the heart (see Fig. 1.51) and along the membranons part 
of the IVS. 


At the jnnetion of the membranons and mnsenlar parts of the 
IVS, the AV bnndle divides into right and left bnndles (Fig. 
1.62B). These branehes proeeed on eaeh side of the mnsenlar IVS 
deep to the endoeardinm and then ramify into snbendoeardial 
branehes (Pnrkinje fibers), which extend into the walls of the 
respeetive ventrieles. The snbendoeardial branehes of the right 
hundle stimnlate the mnsele of the IVS, the anterior papillary 
mnsele throngh the septomarginal trabeenla (moderator band), 
and the wall of the right ventriele. The lefí; handle divides near 
its origin into approximately six smaller traets, which give rise to 
snbendoeardial branehes that stimnlate the IV S, the anterior and 
posterior papillary mnseles, and the wall of the left ventriele. 

The AV node is snpplied by the AV nodal artery, the 
largest and nsnally the first IV septal braneh of the posterior 
IV artery, a braneh of the RCA in 80% of people (Fig. 1.59A- 
e). Thns the arterial snppfy to both the SA and AV nodes is 
nsnally derived from the RCA. However, the AV bnndle tra- 
verses the eenter of the IVS, the anterior two thirds of which 
is snpplied by the septal branehes of the anterior IV braneh 

of the LCA (Fig. 1.59C & D). 

Impnlse generation and eondnetion ean be snmmarized 
as follows: 

• The SA node initiates an impnlse that is rapidfy eondneted 
to eardiae mnsele fibers in the atria, eansing them to eon- 

traet (Fig. 1.62A). 

• The impnlse spreads by myogenie eondnetion, which rap- 
idfy transmits the impnlse from the SA node to the AV node. 

• The signal is distribnted from the AV node throngh the 
AV bnndle and its branehes (the right and left bnndles), 
which pass on eaeh side of the IVS to snpply snbendoear- 
dial branehes to the papillary mnseles and the walls of the 
ventrieles (Fig. 1.62B). 
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Innervatìon of the Heart. The heart is supplied by 
autonomic nerve fibers from the eardiae plexus (Fig. 1.63; 
see also Fig. 1.68B & C), which is often quite artifieially 
divided into snperfieial and deep portions. This nerve net- 
work is most eommonly deseribed as lying on the anterior 
snrfaee of the bifnreation of the traehea (a respiratory struc- 
ture), sinee it is most eommonly observed in disseetion after 
removal of the aseending aorta and the bifnreation of the 
pnlmonary trunk. However, its primary relationship is to the 
posterior aspeet of the latter two structures, espeeially the 
aseending aorta. The eardiae plexus is formed of both sym- 
pathetie and parasympathetie fibers en route to the heart, as 
well as viseeral afferent fibers eonveying refiexive and noei- 
eeptive fibers from the heart. Fibers extend from the plexus 
along and to the eoronary vessels and to eomponents of the 
eondneting system, partienlarly the SA node. 

The sympathetie supply is from presynaptie fibers, with 
eell bodies in the intermediolateral eell eolnmns (IMLs) of the 
snperior five or six thoraeie segments of the spinal eord, and 
postsynaptie sympathetie fibers, with eell bodies in the eervieal 
and snperior thoraeie paravertebral ganglia of the sympathetie 
trunks. The postsynaptie fibers traverse eardio'pnlmonary 
splanehnie nerves and the eardiae plexus to end in the SA and 
AV nodes and in relation to the terminations of parasympa- 
thetie fibers on the eoronary arteries. Sympathetie stimnlation 


causes inereased heart rate, impnlse eondnetion, foree of eon- 
traetion, and, at the same time, inereased blood fiow throngh 
the eoronary vessels to snpport the inereased aetivity. Adrener- 
gie stimnlation of the SA node and eondneting tissue inereases 
the rate of depolarization of the paeemaker eells while inereas- 
ing atrioventrienlar eondnetion. Direet adrenergie stimnlation 
from the sympathetie nerve fibers, as well as indireet snprare- 
nal (adrenal) hormone stimnlation, inereases atrial and ven- 
trienlar eontraetility. Most adrenergie reeeptors on eoronary 
blood vessels are b2-receptors, which, when aetivated, cause 
relaxation (or perhaps inhibition) of vasenlar smooth muscle 
and, therefore, dilation of the arteries (Wilson-Pauwels et al., 
1997). This supplies more oxygen and nntrients to the myoear- 
dium during periods of inereased aetivity. 

The parasympathetie supply is from presynaptie fibers of 
the vagus nerves. Postsynaptie parasympathetie eell bodies 
(intrinsie ganglia) are loeated in the atrial wall and interatrial 
septum near the SA and AV nodes and along the eoronary 
arteries. Parasympathetie stimnlation slows the heart rate, 
rednees the foree of the eontraetion, and eonstriets the eoro- 
nary arteries, saving energy between periods of inereased 
demand. Postsynaptie parasympathetie fibers release aeetyl- 
eholine, which binds with mnsearinie reeeptors to slow the 
rates of depolarization of the paeemaker eells and atrioven- 
trienlar eondnetion and deerease atrial eontraetility. 
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FIGIJRE 1.63. Gardiae nerves and plexus. This disseetion ofthe superior and posterior mediastina demonstrates eardiae branehes ofthe vagus nerve 
(CN X) and sympathetie trunks running dovvn the sides of the traehea to form the eardiae plexus. Although shovvn lying anterior to the traeheal bifur- 
eation here, the primary relationship of the eardiae plexus is to the aseending aorta and pulmonary trunk, the former having been removed to expose 
the plexus. 
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HEART 



Cardìac Catheterìzatìon 

In eardìae eatheterization, a radiopaque eatheter is 
inserted into a peripheral vein (e.g., the femoral 
vein) and passed nnder flnoroseopie eontrol into the 
right atrinm, right ventriele, pnlmonary trnnk, and pnlmo- 
nary arteries, respeetively. Using this technique, intraeardiae 
pressnres ean be reeorded and blood samples may be 
removed. If a radiopaque eontrast medinm is injeeted, it ean 
be followed throngh the heart and great vessels nsing serially 
exposed X-ray fllms. Alternatively, eineradiography or ear- 
diae altrasonography ean be performed to observe the 
flow of dye in real time. Both techniques permit stndy of the 
eirenlation throngh the fnnetioning heart and are helpfnl in 
the stndy of eongenital eardiae defeets. 


Embryology of the Rìght Atrium 

The primordial atrinm is represented in the adnlt by 
the right anriele. The deflnitive atrinm is enlarged 



by ineorporation of most of the embryonie sinns 
venosns (Fig. B1.19A-C). The eoronary sinns is also a deriva- 
tive of this venons sinns. The part of the venons sinns ineor- 
porated into the primordial atrinm beeomes the 
smooth-walled sinns venarnm of the adnlt right atrinm (see 
Fig. 1.53A) into which all the veins drain, inelnding the eoro- 
nary sinns. The line of fnsion of the primordial atrinm (the 
adnlt anriele) and the sinns venarnm (the derivative of the 
venons sinns) is indieated internally by the erista terminalis 
and externally by the snlens terminalis. The sinn-atrial (SA) 
node (disenssed earlier in this ehapter) is loeated jnst in front 
of the opening of the SVC at the snperior end of the erista 
terminalis—that is, in the border between the primordial 
atrinm and the sinns venosns; henee its name. 

Before birth, the valve of the IVC direets most of the 
oxygenated blood retnrning from the plaeenta in the nmbili- 
eal vein and IVC toward the oval foramen in the interatrial 
septnm, throngh which it passes into the left atrinm (Fig. 
B1.19D). The oval foramen has a flap-like valve that per- 
mits a right to left shnnt of blood bnt prevents a left to right 
shnnt. At birth, when the baby takes its flrst breath, the Inngs 
expand with air and pressnre in the right atrinm falls below 
that in the left atrinm (Fig. B1.19E). Consequently, the oval 
foramen eloses for its flrst and last time, and its valve nsn- 
ally fnses with the interatrial septnm. The elosed oval fora- 
men is represented in the postnatal interatrial septnm by the 
depressed oval fossa. The border of the oval fossa (L. lim- 
hnsfossae ovalis) snrronnds the fossa. The floor of the fossa 
is formed by the valve of the oval foramen. The rndimentary 
IVe valve, a semilnnar ereseent of tissne, has no fnnetion 
after birth; it varies eonsiderably in size and is oeeasionally 
absent. 
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FIGIJRE Bl. 19. Development of features of rìght atrìum. 
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FIGIJRE B1.19. (Continued) Development of features of right atrium. 


Septal Defeets 

ATRIAL SEPTAL DEFECTS 

A eongenital anomaly of the interatrial septnm, 
nsnally ineomplete elosnre of the oval foramen, 
is an atrial septal defeet (ASD). A probe-size pateney is 
present in the snperior part of the oval fossa in 15-25% 
of adnlts (Moore et ah, 2012). These small openings, by 
themselves, eanse no hemodynamie abnormalities and 
are, therefore, of no elinieal signifieanee and shonld not 
be eonsidered forms of ASDs. Clinieally signifieant ASDs 
vary widely in size and loeation and may oeenr as part of 
more complex eongenital heart disease. Large ASDs allow 
oxygenated blood from the Inngs to be shnnted from the 
left atrinm throngh the ASD into the right atrinm, eans- 
ing enlargement of the right atrinm and ventriele and dila- 
tion of the pnlmonary trnnk (Fig B1.20A). This left to right 



(A) Atrial septal defeet (ASD) (B) Ventricular septal defeet (VSD) 

FIGIJRE B1.20. Septal defeets. A. Atrial septal defeet (ASD). B. Ventricu- 
lar septal defeet (VSD). 


shnnt of blood overloads the pnlmonary vasenlar system, 
resnlting in hypertrophy of the right atrinm and ventriele 
and pnlmonary arteries. 

VENTRICULAR SEPTAL DEFECTS 

The membranons part of the IVS develops separately 
from the mnsenlar part and has a complex embryologi- 
eal origin. Consequently, this part is the eommon site of 
ventrienlar septal defeets (VSDs), althongh defeets also 
oeenr in the mnsenlar part (Fig. B1.20B). VSDs rankfirst 
on all lists of eardiae defeets. Isolated VSDs aeeonnt for 
approximately 25% of all forms of eongenital heart dis- 
ease. The size of the defeet varies from 1 to 25 mm. A 
VSD eanses a left to right shnnt of blood throngh the 
defeet. A large shnnt inereases pnlmonary blood flow, 
which eanses severe pnlmonary disease {hypertension, or 
inereased blood pressnre) and may eanse eardiae failnre. 
The mneh less eommon VSD in the mnsenlar part of the 
septnm frequently eloses spontaneonsly dnring ehild- 
hood (Green et al., 2009). 

Percussion of Heart 

Perenssion defines the density and size of the heart. 
The elassieal perenssion technique is to ereate 
vibration by tapping the ehest with a finger while 
listening and feeling for differenees in soundwave eondne- 
tion. Gardiae perenssion is performed at the 3rd, 4th, and 5th 
intereostal spaees from the left anterior axillary line to the 
right anterior axillary line (Fig. B1.21) Normally, the perens- 
sion note ehanges from resonanee to dnllness (beeanse of the 
presenee of the heart) approximately 6 em lateral to the left 
border of the sternnm. 
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FIGITRE B1.21. Areas of flatness (yellow) and resonanee (unshaded) 
of thorax. 


Stroke or Cerebrovascular 
Aeeìdent 



Thromhi (elots) form on the walls of the left atrinm 
in eertain types of heart disease. If these thrombi 
detaeh, or pieees break off from them, they pass into 
the systemie eirenlation and oeelnde peripheral arteries. 
Oeelnsion of an artery snpplying the brain resnlts in a stroke or 
eerehrovasenlar aeeident (CVA), whieh may affeet vision, eog- 
nition, or the motor fnnetion of parts of the body previonsly 
eontrolled by the now-damaged (isehemie) area of the brain. 


Basis for Namìng Cusps of the Aortie 
and Pulmonary Valves 



from both ventrieles of the embryonie heart, has fonr ensps 
(Fig. B1.22A). The trnnens arteriosns divides into two vessels, 
eaeh with its own three-ensp valve (pnlmonary and aortie) 
(Fig. B1.22B). The heart nndergoes partial rotation so that its 
apex beeomes direeted to the left, resnlting in the arrange- 
ment of ensps as shown in Fignre B1.22C. Consequently, the 
ensps are named aeeording to their embryologieal origin, not 
their postnatal anatomieal position. Thns the pnlmonary valve 
has right, left, and anterior ensps, and the aortie valve has right, 
left, and posterior ensps. Similarly, the aortie sinnses are 
named right, left, and posterior. 

This terminology also agrees with the eoronary arteries. 
Note that the right eoronary artery arises from the right aor- 
tie sinns, snperior to the right ensp of the aortie valve, and 
that the left eoronary has a similar relation to the left ensp 
and sinns. The posterior ensp and sinns do not give rise to 
a eoronary artery; thns they are also referred to as a “non- 
eoronary” ensp and sinns. 
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FIGIJRE B1.22. Developmental basìs for names of valve cusps. 



Valvular Heart Dìsease 

Disorders involving the valves of the heart distnrb 
the pnmping effieieney of the heart. Valvnlar heart 
disease prodnees either stenosis (narrowing) or 
insnffieieney. Stenosis is the failnre of a valve to open fnlly, 
slowing blood fiow from a ehamber. Insnffieieney or regnrgi- 
tation, on the other hand, is failnre of the valve to elose eom- 
pletely, nsnally owing to nodnle formation on (or searring 
and eontraetion of) the ensps so that the edges do not meet 
or align. This allows a variable amonnt of blood (depending 
on the severity) to fiow baek into the ehamber it was jnst 
ejeeted from. Both stenosis and insnffieieney resnlt in an 
inereased workload for the heart. 

Bestrietion of high-pressnre blood fiow (stenosis) or pas- 
sage of blood throngh a narrow opening into a larger vessel or 
ehamber (stenosis and regnrgitation) prodnees tnrbnlenee. 
Tnrbnlenee sets up eddies (small whirlpools) that prodnee 
vibrations that are andible as mnrmnrs. Snperfieial vibratory 
sensations (thrills) may be felt on the skin over an area of 
tnrbnlenee. 

The elinieal signifieanee of a valvnlar dysfnnetion ranges 
from slight and physiologieally insignifieant to severe and 
rapidly fatal. Faetors sneh as degree, dnration, and etiology 
eanse) affeet seeondary ehanges in the heart, blood ves- 
sels, and other organs, both proximal and distal to the valve 
lesion. Valvnlar disorders may be eongenital or aequired. 
Insnffieieney may resnlt from pathology of the valve itself or 
its snpporting strnetnres (annlns, tendinons eords, dilation 
of ehamber wall, ete.). It may oeenr aentely (snddenly—for 
example, from a rnptnre of the eords) or ehronieally (over 
a relatively long time—for example, searring and retrae- 
tion). Valvnlar stenosis, on the other hand, is almost always 
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the result of a valve abnormality and is essentially always a EchocardÌOgTa.phy 


ehronie proeess (Kumar et al., 2009). 

Because valvular diseases are meehanieal problems, dam- 
aged or defeetive eardiae valves ean be replaeed snrgieally 
in a proeednre ealled valvnloplasty. Most eommonly, artifi- 
eial valve prostheses made of synthetie materials are used in 
these valve-replaeement proeednres, but xenografted valves 
(valves transplanted from other speeies, such as pigs) are also 
used. 


MITRAL VALVE INSUFFICIENC:Y 
(MITRAL VALVE PROLAPSE) 

A prolapsed mitral valve is an insnffieient or ineompetent 
valve with one or both leafiets enlarged, rednndant or “fioppy,” 
and extending baek into the left atrium during systole. As a 
result, blood regurgitates into the left atrium when the left 
ventriele eontraets, prodneing a eharaeteristie heart sound or 
murmur. This is an extremely eommon eondition, oeenrring 
in up to 1 in every 20 people, most often in young females. 
Usually, it is an ineidental finding on physieal examination; 
but it is of elinieal importanee in a small fraetion of those 
affeeted, with the patient snffering ehest pain and fatigne. 


PULMONARY VALVE STENOSIS 

In pulmonary valve stenosis, the valve cusps are fused, form- 
ing a dome with a narrow eentral opening. In infundihular 
pulmonary stenosis, the conus arteriosus is underdeveloped. 
Both types of pnlmonary stenoses prodnee a restrietion of 
right ventrienlar outfiow and may occur together. The degree 
of hypertrophy of the right ventriele is variable. 


PULMONARY VALVE INCOMPETENCE 

If the free margins {lunules) of the cusps of a semilunar valve 
thieken and beeome infiexible or are damaged by disease, the 
valve will not elose eompletely. An ineompetent pnlmonary 
valve resnlts in a baekrnsh of blood under high pressnre into 
the right ventriele during diastole. Pnlmonie regnrgitation 
may be heard throngh a stethoseope as a heari murmur, an 
abnormal sound from the heart, prodneed in this ease by 
damage to the cusps of the pulmonary valve. 

AORTie VALVE STENOSIS 

Aortie valve stenosis is the most frequent valve abnormality. 
For those born in the early and mid-20th eentnry, rhenmatie 
fever was a eommon cause but now aeeonnts for <10% of 



Eehoeardiography (nltrasonie eardiography) is a 
method of graphieally reeording the position and 
motion of the heart by the eeho obtained from 
beams of nltrasonie waves direeted throngh the thoraeie wall 
(Fig. B1.23). This technique may deteet as little as 20 mL of 
fiuid in the perieardial eavity, such as that resulting from 
perieardial effiision. Doppler eehoeardiography is a teeh- 
nique that demonstrates and reeords the fiow of blood 
throngh the heart and great vessels by Doppler nltrasonogra- 
phy, making it espeeially useful in the diagnosis and analysis 
of problems with blood fiow throngh the heart, such as septal 
defeets, and in delineating valvnlar stenosis and regnrgita- 
tion, espeeially on the left side of the heart. 



FIGIJRE B1.23. Eehoeardiography. A. Normal eehoeardiogram. 
B. Sonographer plaeing transducer in a left intereostal spaee in the 
parasternal line, overlyingthe heart. 


eases of aortie stenosis. The great majority of aortie stenoses Coron3.ry An^'ÌO^rapliy 


is a result of degenerative ealeifieation and eomes to elinieal 
attention in the 6th deeade of life or later. Aortie stenosis 
causes extra work for the heart, resulting in left ventrienlar 
hypertrophy. 

AORTie VALVE INSUFFICIENCY 


Using eoronary angiography, the eoronary arteries 
ean be visnalized with eoronary arteriograms (Fig. 
B1.24). A long, narrow eatheter is passed into the 
aseending aorta via the femoral artery in the inguinal region. 
Under finoroseopie eontrol, the tip of the eatheter is plaeed 



insnffeieney of the aortie valve resnlts in aortie regnrgitation just inside the opening of a eoronary artery. A small injeetion 
(baekrnsh of blood into the left ventriele), prodneing a heart of radiopaque eontrast material is made, and eineradiographs 
murmur and a eollapsing pulse (foreible impnlse that rapidly are taken to show the lumen of the artery and its branehes, as 
diminishes). well as any stenotie areas that may be present. 
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FIGITRE B1.24. Goronary arteriograms. 


Goronary Artery Dìsease 
or Goronary Heart Dìsease 



Goronary artery disease (CAD) is one of the leading 
eanses of death. It has many eanses, all of whieh 
resnlt in a redneed blood snpply to the vital myo- 


eardial tissne. 


MYOGARDIAL INFARCTION 

With sndden oeelnsion of a major artery by an embolns 
(G. emholos, plng), the region of myoeardinm snpplied by the 
oeelnded vessel beeomes infareted (rendered virtnally blood- 
less) and nndergoes neerosis (pathologieal tissne death). The 
three most eommon sites of eoronary artery oeelnsion and 
the pereentage of oeelnsions involving eaeh artery are (Fig. 

B1.25A&B) the: 

1. Anterior IV (LAD) braneh of the LCA (40-50%). 

2. RGA (30-40%). 

3. Circumflex braneh of the LCA (15-20%). 
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An area of myoeardinm that has nndergone neerosis eonsti- 
tntes a myoeardial infaretion (MI). The most eommon eanse 


Sites of eoronary artery occlusion, in order of frequency (1-6) 

FIGITRE B1.25. Sites 1-3 account for at least 85% of all occlusions. 
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of isehemie heart disease is eoronary artery insnffieieney 
resnlting from atheroselerosis. 

eORONARY ATHEROSGLEROSIS 

The atheroselerotie proeess, eharaeterized by lipid deposits 
in the intima (lining layer) of the eoronary arteries, begins 
dnring early adnlthood and slowly resnlts in stenosis of the 
Inmina of the arteries (Fig. B1.26). As eoronary atherosele- 
rosis progresses, the eollateral ehannels eonneeting one 
eoronary artery with the other expand, which may initially 
permit adequate perfnsion of the heart dnring relative inae- 
tivity. Despite this eompensatory meehanism, the myoear- 
dinm may not reeeive enongh oxygen when the heart needs 
to perform inereased amonnts of work. Strennons exercise, 
for example, inereases the heart’s aetivity and its need for 
oxygen. Insnffieieney of blood snpply to the heart {myoear- 
dial isehemia) may resnlt in MI. 


Fatty streak 


eomplieated 

plaque 



Adventitia 
Media^ 
Intima—^ 


Normal eoronary Fibrous plaque 

artery 


FIGIJRE B1.26. Atheroselerosis: stages of development in a eoronary 
artery. 


SLOWLY PROGRESSIVE 
eORONARY ARTERY DISEASE 

In sloto oeelnsion of a eoronary artery, the eollateral eirenla- 
tion has time to inerease so that adequate perfnsion of the 
myoeardinm ean oeenr when a potentially isehemie event 
oeenrs. Consequently, MI may not resnlt. On sndden bloek- 
age of a large eoronary braneh, some infaretion is probably 
inevitable, bnt the extent of the area damaged depends on 
the degree of development of eollateral anastomotie ehan- 
nels. If large branehes of both eoronary arteries are partially 
obstrneted, an extracardiac eollateral eirenlation may be nsed 
to snpply blood to the heart. These eollaterals eonneet the 
eoronary arteries with the vasa vasornm (small arteries) in 
the tnniea adventitia of the aorta and pnlmonary arteries 
and with branehes of the internal thoraeie, bronehial, and 
phrenie arteries. Glinieal stndies showthat anastomoses ean- 
not provide eollateral rontes quickly enongh to prevent the 
effeets of sndden eoronary artery oeelnsion. The fnnetional 
valne of these anastomoses thns appears to be more effeetive 
in slowly progressive CAD in individnals that are physieally 
aetive. 


Angina Peetorìs 



Pain that originates in the heart is ealled angina or 
angina peetoris (L. angina, strangling pain + 
L. peetoris, of the ehest). Individnals with angina 
eommonly deseribe the transient (15 see to 15 min) bnt mod- 
erately severe eonstrieting pain as tightness in the thorax, 
deep to the sternnm. The pain is the resnlt of isehemia of the 
myoeardinm that falls short of indneing the eellnlar neerosis 
that defines infaretion. 

Most often, angina resnlts from narrowed eoronary arter- 
ies. The redneed blood fiow resnlts in less oxygen being 
delivered to the eardiae striated mnsele eells. As a resnlt of 
the limited anaerobie metabolism of the myoeytes, laetie aeid 
aeenmnlates and the pH is redneed in affeeted areas of the 
heart. Pain reeeptors in mnsele are stimnlated by laetie aeid. 
Strennons exercise (espeeially after a heavy meal), sndden 
exposure to eold, and stress all require inereased aetivity on 
the part of the heart, bnt the oeelnded vessels eannot provide 
it. When food enters the stomaeh, blood fiow to it and other 
parts of the digestive traet is inereased. As a resnlt, some 
blood is diverted from other organs, inelnding the heart. 

Anginal pain is relieved by a period of rest (1-2 min are 
often adequate). Snhlingnal nitroglyeenn (medieation plaeed 
or sprayed nnder the tongne for absorption throngh the oral 
mneosa) may be administered beeanse it dilates the eoro- 
nary (and other) arteries. This inereases blood fiow to the 
heart, while deereasing the workload and the heart’s need for 
oxygen beeanse the heart is pnmping against less resistanee. 
Fnrthermore, the dilated vessels aeeommodate more of the 
blood volnme, so less blood arrives in the heart, relieving 
heart eongestion. Thns the angina is nsnally relieved. Sneh 
angina provides a warning that the eoronary arteries are eom- 
promised and that there is a need for a ehange of lifestyle, a 
healtheare intervention, or both. 

The pain resnlting from MI is nsnally more severe than 
with angina peetoris, and the pain resnlting from the infare- 
tion does not disappear after 1-2 min of rest. 



Goronary Bypass Graft 

Patients with obstrnetion of their eoronary eirenla- 
tion and severe angina may nndergo a eoronary 
hypass graft operation. A segment of an artery or 
vein is eonneeted to the aseending aorta or to the proximal part 
of a eoronary artery and then to the eoronary artery distal to 
the stenosis (Fig. B1.27). The great saphenons vein is eom- 
monly harvested for eoronary bypass snrgery beeanse it (1) has 
a diameter equal to or greater than that of the eoronary arter- 
ies, (2) ean be easily disseeted from the lower limb, (3) and 
offers relatively lengthy portions with a minimnm oeenrrenee 
of valves or branehing. Reversal of the implanted segment of 
vein ean negate the effeet of a valve if a valved segment mnst 
be nsed. Use of the radial artery in bypass snrgery has beeome 
inereasingly more eommon. A eoronary bypass graft shnnts 
blood from the aorta to a stenotie eoronary artery to inerease 
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FIGIJRE B1.27. Triple eoronary artery bypass. 


the flow distal to the obstmetion. Simply stated, it provides a 
detour around the stenotie area (arterial stenosis) or bloekage 
(arterial atresia). Revasenlarization of the myoeardium may 
also be aehieved by surgieally anastomosing an internal tho- 
raeie artery with a eoronary artery. 



Goronary Angìoplasty 

In seleeted patients, snrgeons use percutaneous trans- 
Inmìnal eoronary angioplasty in which they pass a 
eatheter with a small inflatable balloon attaehed to its 
tip into the obstmeted eoronary artery (Fig. B1.28). When the 
eatheter reaehes the obstmetion, the balloon is inflated, flatten- 
ing the atheroselerotie plaque against the vessel’s wall. The ves- 
sel is stretehed to inerease the size of the lumen, thus improving 
blood flow. In other eases, thromhokinase is injeeted throngh 
the eatheter; this enzyme dissolves the blood elot. Intralnminal 
instmments with rotating blades and lasers have also been 
employed. After dilation of the vessel, an intravasenlar stent 
may be introdneed to maintain the dilation. intravasenlar stents 
are eomposed of rigid or semirigid tubular meshes, eollapsed 
during introdnetion. Onee in plaee, they expand or are expanded 
with a balloon eatheter, to maintain Inminal pateney. 


Gollateral Cìrculatìon via 
the Smallest Gardìae Veins 



Reversal of flow in the anterior and smallest eardiae 
veins may bring lumìnal blood (blood from the 
heart ehambers) to the eapillary beds of the myo- 
eardinm in some regions, providing some additional eollat- 
eral eirenlation. However, nnless these eollaterals have 
dilated in response to pre-existing isehemie heart disease, 
espeeially in eonjnnetion with physieal eonditioning, they are 



Balloon eatheter 
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Inflated balloon crushes bloekage 



FIGIJRE B1.28. Percutaneous translumìnal angìoplasty. 


nnlikely to be able to snpply snffieient blood to the heart dur- 
ing an acute event and thus prevent MI. 



Eleetroeardiography 

The passage of impnlses over the heart from the SA 
node ean be amplified and reeorded as an eleetro- 
eardiogram (ECGorEKG) (Fig. B1.29). Fnnetional 
testing of the heart inelndes exercise toleranee tests (tread- 
mill stress tests), primarily to eheek the consequences of pos- 
sible eoronary artery disease. Exercise toleranee tests are of 
eonsiderable importanee in deteeting the cause of heartbeat 
irregularities. Heart rate, ECG, and blood pressnre readings 
are monitored as the patient does inereasingly demanding 
exercise on a treadmill. The resnlts show the maximum effort 
a patient’s heart ean safely tolerate. 


Goronary Oeelnsìon and 
Gondneting System of Heart 



Damage to the eondneting system of the heart, often 
resnlting from isehemia eansed by eoronary artery 
disease, prodnees distnrbanees of eardiae mnsele 












158 


ehapter 1 • Thorax 



(A) Eleetroeardiography (ECG) 
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FIGUREB1.29. 


A. Eleetroeardiography (ECG). B. Relationship of eleetroeardiogram to conducting system of heart. 


eontraetion. Sinee the anterior IV braneh (LAD) gives rise to the 
septal branehes snpplying the AV bnndle in most people, and 
branehes of the RCA snpply both the SA and AV nodes 
(Figs. B1.30 and 1.59C), parts of the eondneting system of the 
heart are likely to be affeeted by their oeelnsion, and a heart hloek 
may oeenr. In this ease (if the patient snrvives the initial stages). 
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FIGURE B1.30. Blood supply of conducting system of heart. AV, atrio- 
ventricular; SA, sinu-atrial. 


the ventrieles wiU begin to eontraet independently at their own 
rate: 25-30 times per minnte (mneh slower than the slowest nor- 
mal rate (40-45 times per minnte). The atria eontinne to eontraet 
at the normal rate if the S A node has been spared, bnt the impnlse 
generated by the SA node no longer reaehes the ventrieles. 

Damage to one of the bnndle branehes resnlts in a hnndle 
hraneh hloek, in which excitation passes along the nnaffeeted 
braneh and eanses a normally timed systole of that ventriele 
only. The impnlse then spreads to the other ventriele via 
myogenìe (mnsele propagated) eondnetion, prodneing a late 
asynehronons eontraetion. In these eases, sieardiaepaeemaker 
(artifieial heart regnlator) may be implanted to inerease the 
ventrienlar rate of eontraetion to 70-80 per minnte. 

With a VSD, the AV bnndle nsnally lies in the margin of 
the VSD. Obvionsly, this vital part of the eondneting sys- 
tem mnst be preserved dnring snrgieal repair of the defeet. 
Destrnetion of the AV bnndle would ent the only physiologi- 
eal link between the atrial and ventrienlar mnsenlatnre, also 
prodneing a heart bloek as deseribed above. 

Artifieial Gardiae Paeemaker 



In some people with a heart bloek, an artìjìeial ear- 
diae paeemaker (approximately the size of a poeket 
watch) is inserted snbentaneonsly. The paeemaker 
eonsists of a pnlse generator or battery paek, a wire (lead), and 
an eleetrode. Paeemakers prodnee eleetrieal impnlses that ini- 
tiate ventrienlar eontraetions at a predetermined rate. An elee- 
trode with a eatheter eonneeted to it is inserted into a vein and 
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its progression throngh the venons pathway is followed with a 
flnoroseope, a deviee for examining deep strnetnres in real 
time (as motion oeenrs) by means of radiographs. The terminal 
of the eleetrode is passed throngh the SVC to the right atrinm 
and throngh the trienspid valve into the right ventriele. Here 
the eleetrode is firmly fìxed to the trabeenlae earneae in the 
ventrienlar wall and plaeed in eontaet with the endoeardinm. 



Restarting Heart 

In most eases of eardiae arrest, fìrst-aid workers per- 
form eardiopnlmonary resnseitation (CPR) to restore 
eardiae ontpnt and pnlmonary ventilation. By apply- 
ing fìrm pressnre to the thorax over the inferior part of the 
sternal body (external or elosed ehest massage), the sternnm 
moves posteriorly 4-5 em. The inereased intrathoraeie pres- 
snre forees blood ont of the heart into the great arteries. When 
the external pressnre is released and the intrathoraeie pressnre 
falls, the heart again fìlls with blood. If the heart stops beating 
{eardiae arrest) dnring heart snrgery, the snrgeon attempts to 
restart it nsing internal or open ehest heart massage. 


Fìbrillation of Heart 



Fihrillation is mnltiple, rapid, eirenitons eontraetions 
or twitchings of mnsenlar fìbers, inelnding eardiae 
mnsele. In atrial flhrillation, the normal regnlar 
rhythmieal eontraetions of the atria are replaeed by rapid irreg- 
nlar and nneoordinated twitchings of different parts of the atrial 
walls. The ventrieles respond at irregnlar intervals to the dys- 
rhythmie impnlses reeeived from the atria, bnt nsnally eirenla- 
tion remains satisfaetory. In ventrienlarflhrillation, the normal 
ventrienlar eontraetions are replaeed by rapid, irregnlar twitch- 
ing movements that do not pnmp (i.e., they do not maintain the 
systemie eirenlation, inelnding the eoronary eirenlation). The 
damaged eondneting system of the heart does not fnnetion nor- 
mally. As a resnlt, an irregnlar pattern of nneoordinated eon- 
traetions oeenrs in the ventrieles, except in those areas that are 
infareted. Ventrienlar fìbrillation is the most disorganized of all 
dysrhythmias, and in its presenee no effeetive eardiae ontpnt 
oeenrs. The eondition is fatal if allowed to persist. 


Defibrillation of Heart 



A deflhrillating eleetrie shoek may be given to the 
heart throngh the thoraeie wall via large eleetrodes 
(paddles). This shoek eanses eessation of all eardiae 
movements and a few seeonds later the heart may begin to 
beat more normally. As eoordinated eontraetions and henee 
pnmping of the heart is re-established, some degree of sys- 
temie (inelnding eoronary) eirenlation resnlts. 


Gardiae Referred Pain 



The heart is insensitive to toneh, entting, eold, and 
heat; however, isehemia and the aeenmnlation of 
metabolie prodnets stimnlate pain endings in the 


myoeardinm. The afferent pain fìbers rnn eentrally in the 
middle and inferior eervieal branehes and espeeially in the 
thoraeie eardiae branehes of the sympathetie trnnk. The 
axons of these primary sensory nenrons enter spinal eord seg- 
ments T1 throngh T4 or T5, espeeially on the left side. 

Gardiae referred pain is a phenomenon whereby noxious 
stimnli originating in the heart are pereeived by a person as 
pain arising from a snperfìeial part of the body—the skin on the 
left npper limb, for example. Viseeral referred pain is transmit- 
ted by viseeral afferent fìbers aeeompanying sympathetie fìbers 
and is typieally referred to somatie strnetnres or areas sneh as 
a limb having afferent fìbers with eell bodies in the same spi- 
nal ganglion, and eentral proeesses that enter the spinal eord 
throngh the same posterior roots (Hardy and Naftel, 2005). 

Anginal pain is eommonly felt as radiating from the snbster- 
nal and left peetoral regions to the left shonlder and the medial 
aspeet of the left npper limb (Fig. B1.31A). This part of the limb 
is snpplied by the medial entaneons nerve of the arm. Often 
the lateral entaneons branehes of the 2nd and 3rd intereostal 
nerves (the intereostobraehial nerves) join or overlap in their 
distribntion with the medial entaneons nerve of the arm. Con- 
sequently, eardiae pain is referred to the npper limb beeanse the 
spinal eord segments of these entaneons nerves (T1-T3) are also 
eommon to the viseeral afferent terminations for the eoronary 
arteries. Synaptie eontaets may also be made with eommissnral 
(eonneetor) nenrons, which eondnet impnlses to nenrons on the 
right side of eomparable areas of the spinal eord. This oeenr- 
renee explains why pain of eardiae origin, althongh nsnally 
referred to the left side, may be referred to the right side, both 
sides, or the baek (Fig. B1.31B & C). 



FIGIJRE B1.31. Areas of eardiae referred pain (red). 
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The Bottom Lìne 


HEART 

Heart: The heart is a dual suction and pressure pump that pro- 
pels blood through the infinite double loop formed by the pulmo- 
nary and systemie circuits. ♦ The right heart serves the former and 
the left heart the latter. ♦ The heart is shaped like a tipped-over 
pyramid, with the apex direeted anteroinferiorly and to the left 
and the base opposite the apex (posterior). ♦ Eaeh side of the 
heart includes a reeeiving ehamber (atrium) and a suction-com- 
pression-expulsion ehamber (ventriele). ♦ The bilateral ehambers 
(and thus the high-pressure systemie and lower-pressure pulmo- 
nary circuits) are separated by a eardiae septum that is largely 
muscular but partly membranous. ♦ AV valves are plaeed between 
unilateral ehambers to faeilitate two-stage (accumulate and 
then ejeet) pumping. ♦ Oneway semilunarvalves (pulmonic and 
aortie) plaeed at the exit on eaeh side prevent backfìow (except 
that which fills the eoronary arteries) and maintains the diastolie 
pressure of the arteries. ♦ The ehambers have a glistening endo- 
thelial lining, the endocardium; a muscular wall or myocardium, 
the thiekness of which is proportional to the internal pressures 
occurring within the speeifie ehamber; and a glistening outer 
eovering (the viseeral layer ofserous pericardium, or epicardium). 

♦ The myocardium of the atria and ventrieles (and the myogenie 
propagation of eontraeting stimuli through it) is attaehed to and 
separated by the eonneetive tissue ofthe fibrous skeleton ofthe 
heart. ♦ The fibrous skeleton eonsists offourfibrous rings, two 
trigones, and the membranous parts of the eardiae septa. ♦ Only 
speeialized muscle conducting eontraetile impulses from the atria 
to the ventrieles penetrates the fibrous skeleton at defined sites. 

♦ The fibrous skeleton provides attaehment forthe myocardium 
and cusps ofvalves and maintains the integrity ofthe orifiees. 

Goronary cìrculatìon: The circulatory system of the 
myocardium is unique in that the eoronary arteries fill during 
ventricular diastole as a result of aortie reeoil. They are typieally 


(but not neeessarily) fijnetional end arteries. ♦ The right eoro- 
nary artery (RCA) and circumfìex braneh of the left eoronary 
artery (LCA) supply the walls of the atria via small branehes. 

♦ The RCA typieally supplies the SA and AV nodes, the myoear- 
dium ofthe external wall ofthe right ventriele (except its ante- 
rior surface), the diaphragmatie surface of the left ventriele, and 
the posterior third ofthe IVS. ♦ The LCA typieally supplies the 
anterior two thirds of the IVS (including the AV bundle of eon- 
ductive tissue), the anterior wall ofthe right ventriele, and the 
external wall ofthe left ventriele (except the diaphragmatie sur- 
faee). ♦ The eapillary beds of the myocardium drain primarily 
into the right atrium via veins emptying into the eoronary sinus. 
However, the vein also may enter direetly into the ehambers via 
the smallest eardiae veins. Both pathways laekvalves. 

Conductìng, stìmnlatìng, and regulatìng system of 
heart: The conducting system of the heart eonsists of spe- 
eialized intrinsie nodes that rhythmieally generate stimuli and 
bundles of modified eardiae muscle that conduct the impulses. 
The result is the eoordinated eontraetion of the atria and 
ventrieles. ♦ The rate of generation and speed of conductiv- 
ity are inereased by the sympathetie division and inhibited by 
the parasympathetie division of the ANS to meet demands or 
eonserve energy. ♦ The impulse-generating sinu-atrial (SA) 
node and the relaying atrioventricular (AV) node are typieally 
supplied by nodal branehes of the RCA. The atrioventricu- 
lar bundle and its branehes are primarily supplied by septal 
branehes of the LCA. ♦ Occlusion of either eoronary artery 
with subsequent infaretion of nodal or conductive tissue may 
require plaeement of an artifieial eardiae paeemaker. 

♦ The effeet of the ANS on the eoronary arteries is paradoxi- 
eal. Sympathetie stimulation produces vasodilation and para- 
sympathetie stimulation produces vasoeonstrietion. 


Superìor Mediastinum 
and Great Vessels 

The superior mediastinum is superior to the transverse 
thoraeie plane, passing throngh the sternal angle and the 
jnnetion (IV dise) of vertebrae T4 and T5 (Fig. 1.64). From 
anterior to posterior, the eontents of the snperior mediasti- 

nnm are (Figs. 1.65 and 1.66A & B) the: 

• Thymns. 

• Great vessels, with the veins (braehioeephalie veins and 
SVe) anterior to the arteries (areh of aorta and roots of its 
major branehes—the braehioeephalie trnnk, left eommon 
earotid artery and left snbelavian artery) and related nerves 
(vagns and phrenie nerves and the eardiae plexus of nerves). 

• Inferior eontinnation of the eervieal viseera (traehea ante- 
riorly and esophagus posteriorly) and related nerves (left 
reeurrent laryngeal nerve). 

• Thoraeie dnet and lymphatie trnnks. 



FIGIJRE 1.64. Boundarìes of superìor medìastìnum. The superìor 
mediastinum extends inferiorly from the superior thoraeie aperture to the 
transverse thoraeie plane. 
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FIGIJRE 1.65. Relationships of structures in superior mediastinum. The order of systemie structures in the superior mediastinum, from anteriorto pos- 
terior, is demonstrated in both views: thymus, veins, arteries, airway (traehea), alimentary traet (esophagus), lymphatie ducts, vertebral bodies/intervertebral 
dises, and spinal eord. 


To summarize systemieally, the order of the major stmetnres 
in the snperior mediastinnm, from anterior to posterior, is: 
(1) thymns, (2) veins, (3) arteries, (4) airtoay, (5) alimentary 
traet, and (6) lymphatie tmnks. 

THYMUS 

The thymus, a primary lymphoid organ, is loeated in the 
inferior part of the neek and the anterior part of the snpe- 
rior mediastinnm (Figs. 1.65 and 1.66A). It is a flat gland 
with flask-shaped lobes that lies posterior to the mannbrinm 
and extends into the anterior mediastinnm, anterior to the 
flbrons perieardinm. After pnberty, the thymns nndergoes 
gradnal involntion and is largely replaeed by fat. The rieh 
arterial snpply of the thymns is derived mainly from the ante- 


rior intereostal and anterior medìastìnal branehes of the 
internal thoraeie arteries. The veins of the thymns end in 
the left braehioeephalie, internal thoraeie, and inferior thy- 
roid veins. The lymphatie vessels of the thymns end in the 
parasternal, braehioeephalie, and traeheobronehial lymph 
nodes. 

GREAT VESSELS 

The right and left braehioeephalie veins are formed pos- 
terior to the sternoelavienlar (SC) joints by the nnion of the 
internal jngnlar and snbelavian veins. At the level of the infe- 
rior border of the Ist right eostal eartilage, the braehioee- 
phalie veins nnite to form the SVC (Figs. 1.65B and 1.66B). 
The left hraehioeephalie vein is more than twice as long as 


















Right eomnnon earotid 
artery 


Braehioeephalie artery 


Right 

braehioeephalie 

vein 


Inferior 
thyroid veins 


Thymus 


(A) Anterior view 



Superior vena 
eava (SVC) 


Esophagus 
T raehea 


Left subclavian artery 


Left eommon earotid artery 


Gervieal pleura 


Left braehioeephalie vein 


1st rib 


Intereostal artery 


Internal thoraeie vein and artery 


Fibrous pericardium 


Aseending aorta 


Vagus nerve 


Right eommon earotid artery 


Traehea 


Right subclavian artery 


Internal thoraeie artery 


Right phrenie nerve 


Braehioeephaiie trunk 


Right braehioeephaiie vein 


Ist rib 


Superior vena eava 


Recurrent 
laryngeal nerves 


Esophagus 


Fibrous pericardium 
(cut edge) 

Mediastinal pleura 



Vagus nerve 

Left subciavian artery 

Phrenie nerve 


Left eommon earotid artery 


Gervieal pleura 

Left braehioeephalie vein 


Left superior intereostal vein 

Areh of aorta 

Vagus nerve 


Left recurrent laryngeal nerve 

Gardiae nerves 
Ligamentum arteriosum 


Left pulmonary nerve 
Anterior pulmonary plexus 


Phrenie nerve 


Aseending aorta 


(B) Anterior view 

FIGIJRE 1.66. Dìsseetìons of superior mediastinum. A. In this superficial disseetion ofthe mediastinum, the sternum and ribs have been excised and 
the overlapping parietal pleurae removed. It is unusual to see such a distinet thymus in an adult; usually it is impressive during puberty but subsequently 
regresses and beeomes largely replaeed by fat and fibrous tissue. B. In this deep disseetion ofthe root ofthe neek and superior mediastinum, the thymus 
has been removed. The right vagus nerve (CN X) erosses anteriorto the right subclavian artery and gives offthe right recurrent laryngeal nerve, vvhieh passes 
medially to reaeh the traehea and esophagus. The left recurrent laryngeal nerve passes inferior and then posterior to the areh ofthe aorta and aseends 
between the traehea and esophagus to the larynx. 
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the right braehioeephalie vein beeanse it passes from the 
left to the right side, anterior to the roots of the three major 
branehes of the areh of the aorta (Fig. 1.66B). The braehio- 
eephalie veins shnnt blood from the head, neek, and npper 
limbs to the right atrinm. 

The superior vena eava (SVC) retnrns blood from all 
strnetnres snperior to the diaphragm, exeept the Inngs and 
heart. It passes inferiorly and ends at the level of the 3rd 
eostal eartilage, where it enters the right atrinm of the heart. 
The SVe lies in the right side of the snperior mediastinnm, 
anterolateral to the traehea and posterolateral to the aseend- 
ing aorta. The right phrenie nerve lies between the SVC and 
the mediastinal plenra. The terminal half of the SVC is in the 
middle mediastinnm, where it lies beside the aseending aorta 
and forms the posterior bonndary of the transverse periear- 

dial sinns (Fig. 1.46). 

The aseending aorta, approximately 2.5 em in diameter, 
begins at the aortie orifiee. Its only branehes are the eoronary 
arteries, arising from the aortie sinnses (Fig. 1.55B). The 
aseending aorta is intraperieardial (Figs. 1.66A & B); for this 
reason, and beeanse it lies inferior to the transverse thoraeie 
plane, it is eonsidered a eontent of the middle mediastinnm 
(part of inferior mediastinnm). 

The areh of the aorta (aortie areh), the enrved eontinn- 
ation of the aseending aorta (Figs. 1.65A and 1.67; see Table 
1.5), begins posterior to the 2nd right sternoeostal (SC) joint 
at the level of the sternal angle. It arehes snperiorly, poste- 
riorly and to the left, and then inferiorly. The areh aseends 
anterior to the right pnlmonary artery and the bifnreation of 
the traehea, reaehing its apex at the left side of the traehea and 



Right eommon earotid artery 


Right subclavian artery 


Braehioeephalie trunk 


Left eommon earotid artery 
Left subclavian artery 


Areh of aorta 


Aseending aorta 


Deseending 
(thoraeie) aorta 


Anterior view 


FIGIJRE 1.67. Common pattern of branehes of areh of aorta. The 

pattern shovvn is present in approximately 65% of people. The largest 
braneh (braehioeephalie trunk) arises from the beginning of the areh, the 
next artery (left eommon earotid artery) arises from the superior part of 
the areh, and the third braneh (left subclavian artery) arises from the areh 
approximately 1 em distal to the left eommon earotid. 


esophagus as it passes over the root of the left lung. The areh 
deseends posterior to the left root of the lung beside the T4 
vertebra. The areh ends by beeoming the thoraeie (deseend- 
ing) aorta posterior to the 2nd left sternoeostal joint. 

The areh of the azygos vein oeenpies a position eor- 
responding to the aorta on the right side of the traehea over 
the root of the right Inng, although the blood is fiowing in the 
opposite direetion (Fig. 1.63). The ligamentnm arterio- 
sum, the remnant of the fetal ductus arteriosns, passes from 
the root of the left pnlmonary artery to the inferior snrfaee 
of the areh of the aorta. The usual branehes of the areh are 
the hraehioeephalie trnnk, left eommon earotid artery, and 
left snhelavian artery (Figs. 1.67 and 1.68A). 

The braehioeephalie trunk, the first and largest braneh 
of the areh of the aorta, arises posterior to the manubrium, 
where it is anterior to the traehea and posterior to the left 
braehioeephalie vein (Figs. 1.65A & B, 1.66B, and 1.68A). 
The trunk aseends snperolaterally to reaeh the right side of 
the traehea and the right SC joint, where it divides into the 
right eommon earotid and right snbelavian arteries. 

The left eommon earotid artery, the seeond braneh 
of the areh of the aorta, arises posterior to the manubrium, 
slightly posterior and to the left of the braehioeephalie trunk. 
It aseends anterior to the left snbelavian artery and is at first 
anterior to the traehea and then to its left. It enters the neek 
by passing posterior to the left SC joint. 

The left snbelavian artery, the third braneh of the areh 
of the aorta, arises from the posterior part of the areh, just 
posterior to the left eommon earotid artery. It aseends lateral 
to the traehea and left eommon earotid artery throngh the 
snperior mediastinnm; it has no branehes in the mediasti- 
num. As it leaves the thorax and enters the root of the neek, 
it passes posterior to the left SC joint. 

NERVES IN THE SUPERIOR MEDIASTINUM 

The vagns nerves exit the eraninm and deseend throngh the 
neek posterolateral to the eommon earotid arteries (Fig. 
1.68A; see Table 1.6). Eaeh vagus nerve enters the snperior 
mediastinnm posterior to the respeetive SC joint and bra- 
ehioeephalie vein. 

The right vagus nerve (RVN) enters the thorax ante- 
rior to the right snbelavian artery, where it gives rise to the 
right reenrrent laryngeal nerve (Fig. 1.68A-C). The right 
reenrrent laryngeal nerve hooks aronnd the right snbelavian 
artery and aseends between the traehea and esophagns to 
snpply the larynx. The RVN runs posteroinferiorly throngh 
the snperior mediastinnm on the right side of the traehea. 
The RVN then passes posterior to the right braehioeephalie 
vein, SVe, and root of the right lung. Here it divides into 
many branehes, which eontribnte to the right pnlmonary 
plexus (Fig. 1.68C). Usually, the RVN leaves this plexus as 
a single nerve and passes to the esophagns, where it again 
breaks up and eontribntes fibers to the esophageal (nerve) 
plexus. The RVN also gives rise to nerves that eontribnte to 
the eardiae plexus. 
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FIGIJRE 1.68. Great vessels and nerves. A. The relationships ofthe vessels and nerves in the superior mediastinum are shovvn. The ligamentum arterio- 
sum is the remnant of the fetal shunt (ductus arteriosus) that bypasses the prefunctional lungs. B. The relationships at the bifurcation of the traehea from 
superficial to deep are shown. (1) Most anterior. The left braehioeephalie vein passes aeross the roots ofthe three major branehes ofthe areh ofthe aorta. 
(2) The aseending aorta and areh pass anterior and superior, respeetively, to the right pulmonary artery. (3) The bifurcation of the pulmonary trunk and 
right pulmonary artery lie direetly anterior to the bifijreation ofthe traehea. (4) The eardiae plexus remains on the anterior aspeet of the traeheal bifurcation 
after removal of the pulmonary trunk and arteries, the aseending aorta, and the areh of the aorta, to which the plexus is primarily related. C. The nerves in 
the superior and posterior mediastina are seen after the viseera that lie anterior to the traehea and esophagus have been removed. 
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The left vagus nerve (LVN) deseends in the neek poste- 
rior to the left eommon earotid artery (Fig. 1.68A). It enters 
the mediastinnm between the left eommon earotid artery and 
left snbelavian artery. When the LVN reaehes the left side 
of the areh of the aorta, it diverges posteriorly from the left 
phrenie nerve. The LVN is separated laterally from the phrenie 
nerve by the left snperior intereostal vein. As the LVN enrves 
medially at the inferior border of the areh of the aorta, it gives 
off the left reenrrent laryngeal nerve. The left reenrrent 
laryngeal nerve passes inferior to the areh of the aorta, imme- 
diately lateral to the ligamentnm arteriosnm, and aseends to 
the larynx in the groove between the traehea and the esopha- 

gns (Figs. 1.63, 1.66B, 1.68A-C, and 1.69). The LVN passes 
posterior to the root of the left Inng, where it breaks up into 
many branehes that eontribnte to the left pnlmonary plexus. 
The LVN leaves this plexus as a single trnnk and passes to the 
esophagns, where it joins fìbers from the right vagns in the 
esophageal (nerve) plexus (Fig. 1.68B & C). 

The phrenie nerves (Fig. 1.68A) snpply the diaphragm 
with motor and sensory fìbers, the latter aeeonnting for 
approximately one third of the nerve’s fìbers. The phrenie 
nerves also snpply sensory fìbers to the perieardinm and 
mediastinal plenra. Eaeh phrenie nerve enters the snperior 
mediastinnm between the snbelavian artery and the origin 


of the braehioeephalie vein (see Table 1.6). The faet that the 
phrenie nerves pass anterior to the roots of the Inngs pro- 
vides an important means of distingnishing them from the 
vagns nerves, which pass posterior to the roots. 

The right phrenie nerve passes along the right side of the 
right braehioeephalie vein, SVC, and the perieardinm over the 
right atrinm. It also passes anterior to the root of the right Inng 
and deseends on the right side of the IVC to the diaphragm, 
which it pierees near the eaval opening (Fig. 1.70A). 

The left phrenie nerve deseends between the left snbela- 
vian and left eommon earotid arteries. It erosses the left snr- 
faee of the areh of the aorta anterior to the left vagns nerve and 
passes over the left snperior intereostal vein. The left phrenie 
nerve then deseends anterior to the root of the left Inng and 
rnns along the fìbrons perieardinm, snperfìeial to the left atrinm 
and ventriele of the heart, where it pierees the diaphragm to 
the left of the perieardinm (Fig. 1.70B). Most branehing of the 
phrenie nerves for distribntion to the diaphragm oeenrs on the 
diaphragm’s inferior (abdominal) snrfaee. 

TRAGHEA 

The traehea deseends anterior to the esophagns and enters 
the snperior mediastinnm, inelining a little to the right of 
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FIGIJRE 1.69. Deep disseetion of superior mediastinum. Four structures run parallel as they traverse the superior thoraeie aperture: traehea, esophagus, 
left recurrent laryngeal nerve, and thoraeie duct. The right main bronchus is more vertieal, shorter, and vvider than the left main bronchus. The course of the 
right bronehial artery shown here is aberrant; usually it passes posteriorto the bronchus. 
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the median plane (Figs. 1.68B & C and 1.69). The poste- 
rior snrfaee of the traehea is flat where it is applied to the 
esophagns (Fig. 1.65B). The traehea ends at the level of the 
sternal angle by dividing into the right and left main bronehi 
(Figs. 1.65A and 1.69). The traehea terminates snperior to 
the level of the heart and is not a eomponent of the posterior 
mediastinnm. 

ESOPHAGUS 

The esophagus is a flbromnsenlar tnbe that extends from the 
pharynx to the stomaeh (Figs. 1.65A & B, 1.68B & C, 1.69, 
1.70A, and 1.71). The esophagns enters the snperior medi- 
astinnm between the traehea and vertebral eolnmn, where 
it lies anterior to the bodies of the T1-T4 vertebrae. The 
esophagns is nsnally flattened anteroposteriorly. Initially, it 
inelines to the left but is pushed baek to the median plane 
by the areh of the aorta. It is then eompressed anteriorly by 
the root of the left lung. In the snperior mediastinnm, the 
thoraeie duct usually lies on the left side of the esophagns. 


deep (medial) to the areh of the aorta (Figs. 1.69 and 1.70B). 
Inferior to the areh, the esophagns again inelines to the left 
as it approaehes and passes throngh the esophageal hiatus 
in the diaphragm (Fig. 1.71). 

Posterior Medìastinum 

The posterior mediastinum (the posterior part of the infe- 
rior mediastinnm) is loeated inferior to the transverse tho- 
raeie plane, anterior to the T5-T12 vertebrae, posterior to 
the perieardinm and diaphragm, and between the parietal 
pleura of the two lungs (Figs. 1.65A and 1.68C). The poste- 
rior mediastinnm eontains the thoraeie aorta, thoraeie duct 
and lymphatie trunks, posterior mediastinal lymph nodes, 
azygos and hemi-azygos veins, and esophagns and esopha- 
geal nerve plexus. Some authors also include the thoraeie 
sympathetie trunks and thoraeie splanehnie nerves; however, 
these structures lie lateral to the vertebral bodies and are 
not within the posterior mediastinal eompartment or spaee 
per se. 
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FIGIJRE 1.70. Lateral exposures of mediastinum. A. In this right side vievv, most ofthe eostal and mediastinal pleura has been removed to expose the 
underlying structures. This side ofthe mediastinum, the “blue side,” is dominated by venous structures: the azygos vein and areh, superior vena eava, right 
atrium, and inferior vena eava. 
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THORAGie AORTA 

The thoraeie aorta is the continuation of the areh of the 
aorta). (Figs. 1.69,1.71, and 1.72; Table 1.5). It begins on the 
left side of the inferior border of the body of the T4 vertebra 
and deseends in the posterior mediastinnm on the left sides 
of the T5-T12 vertebrae. As it deseends, the thoraeie aorta 
approaehes the median plane and displaees the esophagns to 
the right. The thoraeie aortie plexus (Fig. 1.70B), an anto- 
nomie nerve network, snrronnds it. The thoraeie aorta lies 
posterior to the root of the left Inng (Figs. 1.69 and 1.70B), 
perieardinm, and esophagns. It terminates (with a name 
ehange to ahdomìnal aorta) anterior to the inferior border of 
the T12 vertebra and enters the abdomen throngh the aortie 
hiatus in the diaphragm (Fig. 1.71). The thoraeie dnet and 
azygos vein aseend on its right side and aeeompany it throngh 
this hiatns. 

In a pattern that will be more evident in the abdomen, 
the hranehes of the deseending aorta arise and eonrse within 
three 'Vasenlar planes” (Fig. 1.72): 


• An anterior, midline plane of nnpaired viseeral hranehes 
to the gnt (embryonie digestive tnbe) and its derivatives 
(A in Fig. 1.72 inset). 

• Lateral planes of paired viseeral hranehes serving viseera 
other than the gnt and its derivatives (B). 

• Posterolateral planes of paired (segmental) parietal 
hranehes to the body wall (C). 

In the thorax, the nnpaired viseeral hranehes of the anterior 
vasenlar plane are the esophageal arteries —nsnally two, 
bnt there may be as many as fìve (Fig. 1.72; Table 1.5). The 
paired viseeral hranehes of the lateral plane are represented 
in the thorax by the hronehial arteries (Fig. 1.69). Althongh 
the right and left bronehial arteries may arise direetly from 
the aorta, most eommonly only the paired left bronehial 
arteries do so; the right bronehial arteries arise indireetly as 
branehes of a right posterior intereostal artery (nsnally the 
3rd). The paired parietal hranehes of the thoraeie aorta that 
arise posterolaterally are the nine posterior intereostal arter- 
ies that snpply all bnt the npper two intereostal spaees and 
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FIGIJRE 1.70. (Continuecl) B. The left side ofthe mediastinum, the “red side,” is dominated by arterial structures: the areh of aorta and thoraeie aorta, left 
eommon earotid and subclavian arteries, and left ventriele (plus the pulmonary trunk and left pulmonary artery). At the thoraeie and superior lumbar levels, 
the sympathetie trunk is attaehed to intereostal nerves by paired (vvhite and gray) rami communicantes. The left superior intereostal vein, draining the upper 
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FIGIJRE 1.71. Anterìor vìew of esophagus, traehea, bronehì, and 
aorta. The areh of aorta curves posteriorly on the left side of the traehea 
and esophagus. Enlargement ofthe inferior traeheobronehial (earinal) 
nodes may vviden the angle betvveen the main bronehi. In this speeimen, 
the thoraeie duct enters the left subclavian vein. 


thesnheostal arteries (Fig. 1.72). The latter vessels arise from 
the thoraeie aorta but course below the diaphragm. They are 
in series with the posterior intereostal arteries. 

Exceptions to this pattern inelnde the: 

• Superior phrenie arteries, paired parietal branehes 
that pass anterolaterally to the snperior snrfaee of the dia- 
phragm (which is aetnally faeing posteriorly at this level 
owing to the convexity of the diaphragm), where they 
anastomose with the musculophrenic and perieardiaeo- 
phrenie branehes of the internal thoraeie artery. 

• Perieardial branehes, nnpaired branehes that arise 
anteriorly but, instead of passing to the gut, send twigs 
to the pericardium. The same is true for the small medi- 
astinal arteries that supply the lymph nodes and other 
tissnes of the posterior mediastinnm. 

ESOPHAGUS 

The esophagns deseends into the posterior mediastinnm 
from the snperior mediastinnm, passing posterior to and 
to the right of the areh of the aorta (Figs. 1.68C, 1.69, and 
1.71) and posterior to the pericardium and left atrinm. The 
esophagns eonstitntes the primary posterior relationship of 
the base of the heart. It then deviates to the left and passes 
throngh the esophageal hiatns in the diaphragm at the level 
of the TIO vertebra, anterior to the aorta. 
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FIGIJRE 1.72. Branehes of thoraeie aorta. Branehes ofthe thoraeie 
aorta tend to arise v\/ithin three vascular planes (inset). Esophageal and peri- 
eardial branehes represent unpaired viseeral branehes {A in inset) arising 
anteriorly; the bronehial arteries represent paired lateral viseeral branehes 
(B in inset); posterior intereostal and subcostal arteries {1 — 12) represent 
paired, segmental parietal branehes that mostly arise posterolaterally (C in 
inset). The paired superior phrenie arteries arising from the inferior part of 
the thoraeie aorta that supply the diaphragm are exceptions to the pat- 
tern; they are paired parietal branehes that have migrated anteriorly. 


The esophagus may have three impressions, or “eonstrie- 
tions,” in its thoraeie part. These may be observed as narrow- 
ings of the lumen in oblique ehest radiographs that are taken 
as barium is swallowed. The esophagus is eompressed by 
three structures: (1) the areh of the aorta, (2) the left main 
bronehns, and (3) the diaphragm. The first two impressions 
occur in elose proximity. The aortie areh eompression is most 
evident in a postero-anterior (PA) radiograph after a barinm 
swallow, and the bronehial impression is more evident in lat- 
eral views. No eonstrietions are visible in the empty esopha- 
gus; however, as it expands dnring fìlling, the structures noted 
above eompress its walls. 
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TABLE 1.5. AORTA AND ITS BRANGHES IN THORAX 


Artery 

Origin 

Course 

Branehes 

Aseending aorta 

Aortie orifiee of 
left ventriele 

Aseends approKÌmately 5 em to sternal 
angle where it beeomes areh of aorta 

Rightand lefteoronary arteries 

Areh of aorta 

Continuation of 
aseending aorta 

Arehes posteriorly on leftside oftraehea 
and esophagus and superiorto left main 
bronchus 

Braehioeephalie, lefteommon earotid, leftsubcla- 
vian 

Thoraeie 

(deseending) aorta 

Continuation of 
areh of aorta 

Deseends in posterior mediastinum to left 
of vertebral column; gradually shifts to 
rightto lie in median plane ataortie hiatus 

Posterior intereostal arteries, subcostal, some 
phrenie arteries and viseeral branehes (e.g., esoph- 
ageal) 

Posterior 

intereostal 

Posterioraspeet 
of thoraeie aorta 

Pass laterally and then anteriorly parallel 
to ribs 

Lateral and anterior cutaneous branehes 

Bronehial 
(1-2 branehes) 

Anterior aspeet of 
aorta or posterior 
intereostal artery 

Run with the traeheobronehial tree 

Bronehial and peribronehial tissue, viseeral pleura 

Esophageal 
(4-5 branehes) 

Anterior aspeet 
of thoraeie aorta 

Run anteriorly to esophagus 

To esophagus 

Superior phrenie 
(vary in nomber) 

Anterior aspeets 
of thoraeie aorta 

Arise ataortie hiatus and pass to superior 
aspeet of diaphragm 

To diaphragm 


THORAGie DUCT AND LYMPHATIG TRUNKS 

The thoraeie duct is the largest lymphatie ehannel in the 
body. In the posterior mediastinnm, it lies on the anterior 
aspeet of the bodies of the inferior 7 thoraeie vertebrae (Fig. 
1.73). The thoraeie dnet eonveys most lymph of the body to 
the venons system: that from the lower limbs; pelvie eavity; 
abdominal eavity; left npper limb; and left side of the thorax, 
head, and neek—that is, all lymph exeept that from the right 
snperior quadrant (see the overview of the lymphatie system 
in the Introdnetion ehapter). 

The thoraeie dnet originates from the eisterna ehyli 
(ehyle eistern) in the abdomen and aseends throngh the aor- 
tie hiatns in the diaphragm (Fig. 1.71). The dnet is nsnally 
thin walled and dnll white. Often it is beaded beeanse of its 
nnmerons valves. It aseends in the posterior mediastinnm 
among the thoraeie aorta on its left, the azygos vein on its 
right, the esophagns anteriorly, and the vertebral bodies pos- 
teriorly. At the level of the T4, T5, or T6 vertebra, the tho- 
raeie dnet erosses to the left, posterior to the esophagns, and 
aseends into the snperior mediastinnm. 

The thoraeie dnet reeeives branehes from the middle 
and snperior intereostal spaees of both sides throngh several 
eolleeting trnnks. It also reeeives branehes from posterior 
mediastinal strnetnres. Near its termination, the thoraeie 
dnet often reeeives the jugular, suhclavian, and hroneho- 
medìastìnal lymphatie trunks (althongh any or all these 
vessels may terminate independently). The thoraeie dnet 
nsnally empties into the venons system near the nnion of the 
left internal jngnlar and snbelavian veins—the left venous 
angle or origin of the left braehioeephalie vein (Figs. 1.72 
and 1.73A)—bnt it may open into the left snbelavian vein as 
shown in Fignre 1.71. 


VESSELS AND LYMPH NODES 
OF POSTERIOR MEDIASTINUM 

The thoraeie aorta and its branehes have been disenssed ear- 
lier. Posterior mediastìnal lymph nodes (Fig. 1.73A & B) 
lie posterior to the perieardinm, where they are related to 
the esophagns and thoraeie aorta. There are several nodes 
posterior to the inferior part of the esophagns and more (up 
to eight) anterior and lateral to it. The posterior mediasti- 
nal lymph nodes reeeive lymph from the esophagns, the 
posterior aspeet of the perieardinm and diaphragm, and the 
middle posterior intereostal spaees. Lymph from the nodes 
drains to the right or left venons angles via the right lym- 
phatie dnet or the thoraeie dnet. 

The azygos system of veins, on eaeh side of the ver- 
tebral eolnmn, drains the baek and thoraeoabdominal walls 
(Figs. 1.73A and 1.74A & B) and mediastinal viseera. The 

azygos system exhibits mneh variation in its origin, eonrse, 
tribntaries, and anastomoses. The azygos vein (G., azygos, 
nnpaired) and its main tribntary, the hemi-azygos vein, nsn- 
ally arise from “roots” arising from the posterior aspeet of the 
IVe and/or renal vein, respeetively, which merge with the 
aseending lumhar veins. 

The azygos vein forms a eollateral pathway between the 
SVe and IVC and drains blood from the posterior walls of 
the thorax and abdomen. It aseends in the posterior mediasti- 
nnm, passing elose to the right sides of the bodies of the infe- 
rior 8 thoraeie vertebrae. It arehes over the snperior aspeet 
of the root of the right Inng to join the SVC, similar to the 
way the areh of the aorta passes over the root of the left Inng. 
In addition to the posterior intereostal veins, the azygos vein 
eommnnieates with the vertebral venons plexuses that drain 
the baek, vertebrae, and strnetnres in the vertebral eanal. 
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FIGIJRE 1.73. Thoraeie duct and bronehomediastinal trunks. A. The thoraeie aorta has been pulled slightly to the left and the azygos vein slightly to the 
right to expose the thoraeie duct. At approximately the transverse thoraeie plane (sternal angle, T4-T5 intervertebral dise level), the thoraeie duct passes to 
the left and continues its aseent to the neek vvhere it arehes laterally to enter the left venous angle. The right lymphatie duct is formed by the union of the 
eontralateral partners of the ducts that join the termination of the thoraeie duct. B. Lymph nodes and pathways that provide lymphatie drainage of the tho- 
raeie eavity. 


The azygos vein also reeeives the mediastinal, esophageal, 
and bronehial veins (Fig. 1.74). 

The hemi-azygos vein arises on the left side by the 
jnnetion of the left snbeostal and aseending Inmbar veins. It 
aseends on the left side of the vertebral eolnmn, posterior to 
the thoraeie aorta as far as the T9 vertebra. Here it erosses to 
the right, posterior to the aorta, thoraeie dnet, and esopha- 
gns, and joins the azygos vein. The hemi-azygos vein reeeives 
the inferior three posterior intereostal veins, the inferior 
esophageal veins, and several small mediastinal veins. The 
aeeessory hemi-azygos vein begins at the medial end of 
the 4th or 5th intereostal spaee and deseends on the left side 
of the vertebral eolnmn from T5 throngh T8. It reeeives 
tribntaries from veins in the 4th-8th intereostal spaees and 
sometimes from the left bronehial veins. It erosses over the 
T7 or T8 vertebra, posterior to the thoraeie aorta and tho- 
raeie dnet, where it joins the azygos vein. Sometimes the 
aeeessory hemi-azygos vein joins the hemi-azygos vein and 
opens with it into the azygos vein. The aeeessory hemi-azygos 


is frequently eonneeted to the left snperior intereostal vein, 
as shown in Fignre 1.74. The left snperior intereostal vein, 
which drains the lst-3rd intereostal spaees, may eommnni- 
eate with the aeeessory hemi-azygos vein; however, it drains 
primarily into the left braehioeephalie vein. 

NERVES OF POSTERIOR MEDIASTINUM 

The sympathetie trnnks and their assoeiated ganglia form a 
major portion of the antonomie nervons system (Fig. 1.75; 
Table 1.6). The thoraeie sympathetie trunks are in eon- 
tinnity with the eervieal and Inmbar sympathetie trnnks. The 
thoraeie trnnks lie against the heads of the ribs in the snperior 
part of the thorax, the eostovertebral joints in the midthoraeie 
level, and the sides of the vertebral bodies in the inferior part 
of the thorax. The lower thoraeie splanehnie nerves —also 
known as greater, lesser, and least splanehnie nerves—are part 
of the ahdominopelvie splanehnie nerves beeanse they snpply 
viseera inferior to the diaphragm. They eonsist of presynaptie 
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FIGITRE 1.74. Azygos system of veins. The azygos vein forms a (direet eonneetion between the inferior vena eava {IVC) and the superior vena eava (SVC). 
The azygos and hemi-azygos veins are also continuous inferiorly (below diaphragm) with the aseending lumbar veins. 


fìbers from the 5th through the 12th sympathetie ganglia, 
which pass through the diaphragm and synapse in preverte- 
bral ganglia in the abdomen. They snpply sympathetie inner- 
vation for most of the abdominal viseera. These splanehnie 
nerves are disenssed fnrther in Ghapter 2. 

Anterior Mediastinnm 

The anterior mediastinnm, the smallest snbdivision of the 
mediastinnm (Fig. 1.42), lies between the body of the ster- 
num and the transversns thoraeis mnseles anteriorly and the 
perieardinm posteriorly. It is continuous with the superior 
mediastinum at the sternal angle and is limited inferiorly by 
the diaphragm. The anterior mediastinnm eonsists of loose 
eonneetive tissne (sternoperieardial ligaments), fat, lym- 
phatie vessels, a few lymph nodes, and branehes of the inter- 
nal thoraeie vessels. In infants and ehildren, the anterior 
mediastinnm eontains the inferior part of the thymns. In 
unusual eases, this lymphoid organ may extend to the level of 
the 4th eostal eartilages. 


Surface Anatomy of Heart and 
Mediastinal Viseera 

The heart and great vessels are approximately in the middle 
of the thorax, surrounded laterally and posteriorly by the 
lungs and anteriorly by the sternnm and the eentral part of 
the thoraeie eage (Fig. 1.76). The borders of the heart are 
variable and depend on the position of the diaphragm and 
the build and physieal eondition of the person. The ontline of 
the heart ean be traeed on the anterior snrfaee of the thorax 
by using the following gmdelines (Fig. 1.76C): 

• The snperior horder eorresponds to a line eonneeting the 
inferior border of the 2nd left eostal eartilage to the supe- 
rior border of the 3rd right eostal eartilage. 

• The right horder eorresponds to a line drawn from the 3rd 
right eostal eartilage to the 6th right eostal eartilage; this 
border is slightly convex to the right. 

• The inferior horder eorresponds to a line drawn from 
the inferior end of the right border to a point in the 5th 
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FIGIJRE 1.75. Autonomìc nerves 
of superior and posterior medias- 
tina. 


TABLE 1.6. NERVES OF THORAX 


Nerve 

Origin 

Course 

Distribution 

Vagus (CNX) 

8-10 rootlets from medulla 
of brainstem 

Enters superior mediastinum posteriorto 
sternoclavicular joint and braehioeephalie 
vein; gives rise to recurrent laryngeal 
nerve; continues into abdomen 

Pulmonary plexus, esophageal plexus, and 
eardiae plexus 

Phrenie 

Anterior rami of C3-C5 

nerves 

Passes through superiorthoracic aperture 
and runs betvveen mediastinal pleura and 
pericardium 

eentral portion of diaphragm 

Intereostals 

(1-11) 

Anterior rami of Tl-Tll 

nerves 

Run in intereostal spaees betvveen 
internal and innermost layers of 
intereostal muscles 

Muscles in and skin over intereostal spaee; 
lovver nerves supply muscles and skin of 
anterolateral abdominal vvall 

Subcostal 

Anterior ramus of T12 

nerve 

Follovvs inferior border of 12th riband 
passes into abdominal vvall 

Abdominal vvall and skin of gluteal region 

Recurrent 

laryngeal 

Vagus nerve 

Loops around subclavian artery on right; 
on left runs around areh of aorta and 
aseends in traeheo-esophageal groove 

intrinsie muscles of larynx (except erieothyroid); 
sensory inferior to level of voeal folds 

Gardiae 

piexus 

eervieal and eardiae 
branehes of vagus nerve 
and sympathetie trunk 

From areh of aorta and posterior surface 
of heart, fibers extend along eoronary 
arteries and to sinu-atrial node 

lmpulses pass to sinu-atrial node; parasym- 
pathetie fibers slovv rate, reduce foree of 
heartbeat, and eonstrieteoronary arteries; sym- 
pathetie fibers have the opposite effeet 

Puimonary 

piexus 

Vagus nerve and 
sympathetie trunk 

Forms on rootof lung and extends along 
bronehial subdivisions 

Parasympathetie fibers eonstriet bronehioles; 
sympathetie fibers dilate them; afferents eonvey 
reflexes 

Esophageai 

piexus 

Vagus nerve, sympathetie 
ganglia, greater splanehnie 
nerve 

Distal to traeheal bifurcation; vagus and 
sympathetie nerves form a plexus around 
esophagus 

Vagal and sympathetie fibers to smooth muscle 
and glands of inferior tvvo thirds of esophagus 
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Auscultatory areas of ehest 





A 

Aortie area 

1 

Mitral area (5LICS) 

4 Pulmonic area (LDSB) 

Abbreviations: 

P 

Pulmonary area 

2 

Tricuspid area (4LICS) 

5 Aortie area (RDSB) 

5LICS, 5th left intereostal spaee; 

T 

Tricuspid area 

3 

Seeondary pulmonic 


LDSB, left upper sternal border; 

M 

Mitral area 


area (3LICS) 


RDSB, right upper sternal border 

J 


FIGIJRE 1.76. Surface anatomy of medìastìnal vìseera. 


intereostal spaee elose to the left MCL; the left end of this 
line eorresponds to the loeation of the apex of the heart 
and the apex beat. 

• The left horder eorresponds to a line eonneeting the left 
ends of the lines representing the snperior and inferior 
borders. 

• The valves are loeated posterior to the sternnm; hovvever, 
the sonnds prodneed by them are projeeted to the areas 
shown in Fignre 1.76—pnlmonary (F), aortie (A), mitral 
(M), and trienspid (T)—where the stethoseope may be 
plaeed to avoid intervening bone. 

The apex beat is the impnlse that resnlts from the apex 
of the heart being foreed against the anterior thoraeie wall 
when the left ventriele eontraets. The loeation of the apex 
beat (mitral area, M) varies in position and may be loeated 


in the 4th or 5th intereostal spaees, 6-10 em from the AML 
(anterior median line). 

Auscultator7 Areas 

elinieians’ interest in the snrfaee anatomy of the heart 
and eardiae valves resnlts from their need to listen to valve 
sonnds. The five areas (two areas are for the pnlmonary 
valve) are as wide apart as possible so that the sonnds pro- 
dneed at any given valve may be elearly distingnished from 
those prodneed at other valves (Fig. 1.76D & E). Blood 
tends to earry the sonnd in the direetion of its fiow; eonse- 
quently, eaeh area is sitnated snperfieial to the ehamber or 
vessel into which the blood has passed and in a direet line 
with the valve orifiee. 


















174 


ehapter 1 • Thorax 


SUPERIOR, POSTERIOR, AND 
ANTERIOR MEDIASTINUM 

Varìations of Great Arteries 



BRANGHES OF ARCH OF AORTA 

The usual pattern of branehes of the areh of the 
aorta is present in approximately 65% of people 
(Fig. 1.64). Variations in the origin of the hranehes of the 
areh are fairly eommon (Fig. B1.32A). In approximately 27% 
of people, the left eommon earotid artery originates from the 
braehioeephalie trnnk. A braehioeephalie trnnk fails to form 
in approximately 2.5% of people; in these eases eaeh of the 
fonr arteries (right and left eommon earotid and snbelavian 
arteries) originate independently from the areh of the aorta. 
The left vertebral artery originates from the areh of the aorta 
in approximately 5% of people. Both right and left braehioee- 
phalie trnnks originate from the areh in approximately 1.2% 
of people (Bergman et ak, 1988). 

A retro-esophageal right snhelavian artery sometimes 
arises as the last (most-left-sided) braneh of the areh of 


the aorta (Fig. B1.32B). The artery erosses posterior to the 
esophagus to reaeh the right npper limb and may eompress 
the esophagns, eansing diffienlty in swallowing (dysphagia). 
An aeeessory artery to the thyroid gland, the thyroid ima 
artery (L. arteria thyroidea ima), may arise from the areh of 
the aorta or the braehioeephalie artery. 


ANOMALIES OF ARCH OF AORTA 

The most snperior part of the areh of the aorta is nsnally 
approximately 2.5 em inferior to the snperior border of 
the mannbrinm, bnt it may be more snperior or inferior. 
Sometimes the areh enrves over the root of the right Inng 
and passes inferiorly on the right side, forming a right 
areh of the aorta. In some eases, the abnormal areh, 
after passing over the root of the right Inng, passes pos- 
terior to the esophagns to reaeh its usual position on the 
left side. Less frequently, a douhle areh of the aorta 
forms a vasenlar ring aronnd the esophagns and traehea 
(Fig. B1.32C). A traehea that is eompressed enongh to 
affeet breathing may require surgieal division of the vas- 
eular ring. 


Right eommon 
earotid (RC) 

Right 
subclavian (RS) 

Braehioeephalie 
trunk (BT) 


Areh of 
aorta 


Aseending 

aorta 



Left eommon 
earotid (LC) 


subclavian 


(A) Variations in the origins of the 
branehes of the areh of the aorta 


RS 


vertebral 

artery 




Retro-esophageal 
right subclavian 
artery 


Right eommon 
earotid artery 


Esophagus 




subclavian 

artery 


Left eommon 
earotid artery 


(B) Retro-esophageai right subciavian artery 


Right eommon 
earotid artery 


Right 
subclavian 
artery 


Loeation of 
esophagus 
and traehea 

Aseending 
aorta 



Left eommon 
earotid artery 

Left subclavian 
a rte ry 


Double areh 
of aorta 


Deseending 
(thoraeie) aorta 


(C) Doubie aortie areh 


FIGIJRE B1.32. Variations and anomalies of branehes of aortie areh. 
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Aneurysm of the aortie areh: MR angiogram in a sagittal oblique 
plane; injeeted eontrast medium shows vascular structures as 
bright; (5) superior vena eava, (6) aortie areh, (a) left eommon 
earotid artery, (b) braehioeephalie artery, (e) left subclavian artery, 
(d) aseending aorta, (e) right pulmonary vein, (f) left pulmonary 
vein, (g) left pulmonary artery (h) pulmonary trunk, (i) left atrium, 

(]) left ventriele, (k) diaphragm, (I) liver, (m) large saccular 
aneurysm arising from the aseending aorta. 


FIGITRE B1.33. Aneurysm of the aortie areh (magnetie resonanee [MR] 
angiogram). 



Aneurysm of Aseending Aorta 

The distal part of the aseending aorta reeeives a 
strong thrnst of blood when the left ventriele eon- 
traets. Beeanse its wall is not yet reinforeed by 
fibrons perieardinm (the fibrons perieardinm blends with the 
aortie adventitia at the beginning of the areh; Fig. 1.66B), an 
anenrysm (loealized dilation) may develop. An aortie anen- 
rysm is evident on a ehest film (radiograph of the thorax) or 
an MB angiogram (Fig. B1.33) as an enlarged area of the 
aseending aorta silhonette. Individnals with an anenrysm 
nsnally eomplain of ehest pain that radiates to the baek. The 
anenrysm may exert pressnre on the traehea, esophagns, and 
reenrrent laryngeal nerve, eansing diffienlty in breathing and 
swallowing. 


Coarctatìon of Aorta 



Areh of aorta 


Goaretation 


Posterior 

intereostal 

arteries 


Internal 
thoraeie 
a rte ry 

Deseending 

aorta 


Braehioeephalie trunk 


Goaretation 


Deseending 

(thoraeie) 

aorta 


Anterior 

intereostal 

arteries 


Subclavian 

artery 


Areh of aorta 


FIGITRE B1.34. Goaretatìon of aorta. 


nal thoraeie arteries. This type of eoaretation is eompatible 
with many years of life beeanse the eollateral eirenlation ear- 
ries blood to the thoraeie aorta inferior to the stenosis. The 
eollateral vessels may beeome so large that they eanse nota- 
ble pnlsation in the intereostal spaees and erode the adjaeent 
snrfaees of the ribs, which is visible in radiographs of the 
thorax. 



Injury to Recurrent Laryngeal Nerves 

The reenrrent laryngeal nerves snpply all intrinsie 
mnseles of the larynx, except one. Consequently, 
any investigative (diagnostie) proeednre (e.g., medi- 
astinotomy) or disease proeess in the snperior mediastinnm 
may injnre these nerves and affeet the voiee. Beeanse the left 
reenrrent laryngeal nerve winds aronnd the areh of the aorta 
and aseends between the traehea and esophagns, it may be 
involved in a bronehogenie or esophageal eareinoma, enlarge- 
ment of mediastinal lymph nodes, or an anenrysm of the areh 
of the aorta. In the latter eondition, the nerve may be 
stretehed by the dilated areh. 


In eoaretation of the aorta, the areh of the aorta or 
thoraeie aorta has an abnormal narrowing (stenosis) 
that diminishes the ealiber of the aortie Inmen, pro- 
dneing an obstrnetion to blood fiow to the inferior part of the 
body (Fig. B1.34). The most eommon site for a eoaretation is 



Bloekage of Esophagus 

The impressions prodneed in the esophagns by 
adjaeent strnetnres are of elinieal interest beeanse 
of the slower passage of snbstanees at these sites. 



near the ligamentnm arteriosnm (Fig. 1.63). When the eoare- The impressions indieate where swallowed foreign objeets 
tation is inferior to this site {postdnetal eoaretation), a good are most likely to lodge and where a strietnre may develop, 
eollateral eirenlation nsnally develops between the proximal e.g., after the aeeidental drinking of a eanstie liquid sneh 


and distal parts of the aorta throngh the intereostal and inter- 


as lye. 
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Laeeration of Thoraeie Duct 



The thoraeie duct is thin walled and nsnally dull 
white in living persons. However it may be eolor- 
less, making it diffienlt to identify. Consequently, it 
is vnlnerable to inadvertent injnry dnring investigative and/ 
or snrgieal proeednres in the posterior mediastinnm. 
Laeeratìon of the thoraeie duct dnring an aeeident or Inng 
snrgery resnlts in lymph eseaping into the thoraeie eavity at 
rates ranging from 75 to 200 mL per hour. Lymph or ehyle 
from the laeteals of the intestine may also enter the plenral 
eavity, prodneing chylothorax. This finid may be removed by 
a needle tap or by thoraeentesis; in some eases it may be 
neeessary to ligate (tie off) the thoraeie duct. The lymph then 
retnrns to the venons system by other lymphatie ehannels 
that join the thoraeie duct superior to the ligature. 


Varìations of Thoraeie Duct 

Variations of the thoraeie duct are eommon beeanse 
the snperior part of the duct represents the original left 
member of a pair of lymphatie vessels in the embryo. 
Sometimes two thoraeie ducts are present for a short distanee. 




Alternate Venous Routes to Heart 

The azygos, hemi-azygos, and aeeessory hemi-azygos 
veins offer alternate means of venons drainage from 
the thoraeie, abdominal, and baek regions when 
ohstmetion of the IVC oeenrs. In some people, an aeeessory 
azygos vein parallels the azygos vein on the right side. Other 
people have no hemi-azygos system of veins. A elinieally 
important variation, althongh nneommon, is when the azygos 
system reeeives all the blood from the IVC except that from 
the liver. In these people, the azygos system drains nearly all 
the blood inferior to the diaphragm, except from the digestive 
traet. If ohstmetion of the SVC oeenrs snperior to the entranee 
of the azygos vein, blood ean drain inferiorly into the veins of 
the abdominal wall and retnrn to the right atrinm throngh the 
azygos venons system and the IVC. 


Age ehanges in Thymus 

The thymns is a prominent featnre of the snperior 
mediastinnm dnring infaney and ehildhood. In 



some infants, the thymns may eompress the tra- 
ehea. The thymns plays an important role in the develop- 
ment and maintenanee of the immnne system. As pnberty is 
reaehed, the thymns begins to diminish in relative size. By 
adnlthood, it is usually replaeed by adipose tissue and is often 
seareely reeognizable; however, it eontinnes to prodnee 
T-lymphoeytes. 


Aortie Angiography 



To radiographieally visnalize the areh of the 
aorta and the branehes arising from it, a long, 
narrow eatheter is passed into the aseending 


Right subclavian artery 



Right eommon 
earotid artery 


Left eommon 
earotid artery 


Left subclavian 
artery 

Braehioeephalie 

trunk 

Aortie areh 
Aseending aorta 
Deseending aorta 


Left anterior oblique view 


FIGIJRE B1.35. Aortie angiogram (aortogram). 


aorta via the femoral or braehial artery in the ingninal or 
elbow region, respeetively. Under flnoroseopie eontrol, 
the tip of the eatheter is plaeed just inside the opening of 
a eoronary artery; an aortie angiogram ean be made by 
injeeting radiopaque eontrast material into the aorta and 
into openings of the arteries arising from the areh of the 

aorta (Fig. B1.35). 



Radiography of Mediastinum 

The heart easts most of the eentral radiopaque 
shadow in PA projeetions (Fig. B1.36), but the sep- 
arate ehambers of the heart are not distinguishable. 
Knowledge of the structures forming the eardiovasenlar 
shadow or silhonette is important beeanse ehanges in 
the shadow may indieate anomalies or fnnetional disease 
(Fig. B1.36A). In PA radiographs (AP views), the borders of 
the eardiovasenlar shadow are as follows: 


• Right horder, right braehioeephalie vein, SVC, right 
atrinm, and IVC. 

• Left horder, terminal part of the areh of aorta, pnlmonary 
trunk, left anriele, and left ventriele. 


The left inferior part of the eardiovasenlar shadow presents 
the region of the apex. The typieal anatomieal apex, if pres- 
ent, is often inferior to the shadow of the diaphragm. Three 
main types of eardiovasenlar shadows occur, depending pri- 
marily on body type or habitns (Fig. B1.36B): 

• Transverse type, observed in obese persons, pregnant 
women, and infants. 

• Ohlique type, eharaeteristie of most people. 

• Vertieal type, present in people with narrow ehests. 
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FIGIJRE B1.36. Cardiovascular shadows (mediastinal silhouettes). A. Composition of the margins ofthe cardiovascular shadovv. B. Gommon types of 
cardiovascular shadow. 


CT and MRl of Medìastìnnm 



CT and MRI are eommonly nsed to examine the 
thorax. CT is sometimes eombined with mammog- 
raphy to examine the breasts (Fig. B1.37). Before 
CT seans are taken, an iodide eontrast material is given intra- 
venonsly. Beeanse breast eaneer eells have an nnnsnal affin- 
ity for iodide, they beeome reeognizable. MRI is nsnally 
better for deteeting and delineating soft tissne lesions. It is 
espeeially nsefnl for examining the viseera and lymph nodes 
of the mediastinnm and roots of the Inngs, by means of both 
planar (Fig. B1.38) and reeonstrneted (Fig. B1.39) images. 
Transverse (axial) CT and MR seans are always oriented to 
show how a horizontal seetion of a patient’s body lying on an 
examination table would appear to the physieian who is at the 
patient’s feet. Therefore, the top of the image is anterior, and 
the left lateral edge of the image represents the right lateral 
snrfaee of the patient’s body. Data from CT and MR seans 
ean be graphieally reeonstrneted by the eompnter as trans- 
verse, sagittal, oblique, or eoronal seetions of the body. 



CT examination of 
breasts 

eireled nambers = 
eorresponding ribs 


1. Nipple 7. Left lung 

2. Lactiferous 8. Liver 

ducts 9. Inferior vena 

3. Suspensory eava 

ligaments 10. Esophagus 

4. Left ventriele 11. Deseending 

5. Right atrium aorta 

6. Right lung 12. T9 vertebra 


FIGITRE B1.37. CT examination of breasts. 
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FIGIJRE B1.38. Serial transverse CT seans of thorax. A. The level of eaeh sean is indieated (broken lines). B. At the level of the sternoclavicular joints, the 
left braehioeephalie vein (2) erosses the midline anteríor to the three branehes ofthe areh ofthe aorta {3, 4, and 5) to Join the right braehioeephalie vein (7), forming 
the superior vena eava [SVC] (22) at a more inferior level. 
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FIGIJRE B1.38. (Continued) C. The areh ofthe aorta (20) is obliquely plaeed (more sagittal than transverse), vvith the aseending end anteriorly in the mid- 
line, and the deseending end posteriorly and to the left of the vertebral bodies {17). The SVC (22) on the right side reeeives the areh of the azygos vein (23) 
from its posterior aspeet. D. The pulmonary trunk (27) forms the stem of an inverted Y, vvith the arms formed by the right (23) and left (29) pulmonary arter- 
ies. The right pulmonary artery (23) passes beneath the areh ofthe aorta [betvveen aseending (24) and deseending (25) aortae]. E. A sean at the level ofthe 
maximum diameter of the heart demonstrates all four ehambers (32—35) and the diagonal slant of the interventricular septum (betvveen 33 and 35). 


Key to Structures in Transverse 

1 Right braehioeephalie vein 

2 Left braehioeephalie vein 
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FIGIJRE B1.39. Magnetie resonanee reconstructed angiogram of heart and great vessels. Lateral vievv (from left and slightly anterior). Reconstructed 
from data generated and accumulated by spiral magnetie resonanee imaging. All ehambers ofthe heart and great vessels are elearly visible. SVC, superior 
vena eava. 


The Bottom Lìne 

SUPERIOR, POSTERIOR, AND ANTERIOR MEDIASTINUM; SURFACE ANATOMY OF THORACIC VISCERA 


Superìor medìastìnom: The superior mediastinum extends 
betvveen the superior thoraeie aperture and the transverse 
thoraeie plane. The only organ that belongs exclusively to this 
region is the adult thymus. ♦ The remainder of the structures 
in the superior mediastinum pass through the superior thoraeie 
aperture to the root of the neek, or pass betvveen the neek 
and abdomen. ♦ VVithin the superior mediastinum, structures 
occur in systemie layers, proeeeding from anterior to poste- 
rior: (1) lymphoid system (thymus), (2) blood vascular system 
(veins first, then arteries), (3) respiratory system (traehea), 

(4) alimentary system (esophagus), and (5) lymph vascularsys- 
tem. ♦ The nervous system does not have its own layer in the 
superior mediastinum, but it is integrated with layer 2 (phrenie 
and vagus nerves) and lies between layers 3 and 4 (recurrent 
laryngeal nerves). ♦ The pattern of the branehes of the areh of 
the aorta is atypieal in approximately 35% of people. 

Posterìor medìastìnum: The posterior mediastinum is 
the narrow passageway that lies posterior to the heart and 
diaphragm and between the lungs. It eontains structures 
passingfrom thoraxto abdomen orviee versa. ♦ Gontents 
include the esophagus and esophageal nerve plexus, tho- 
raeie aorta, thoraeie duct and lymphatie trunks, posterior 
mediastinal lymph nodes, and azygos and hemi-azygos 
veins. ♦ Branehes of the thoraeie aorta occur primarily 


within three vascular planes. ♦ The azygos/hemi-azygos 
venous system constitutes the venous counterpart to the 
thoraeie aorta and its posterior mediastinal branehes. 

♦ The thoraeie portion of the sympathetie trunks and tho- 
raeie splanehnie nerves may or may not be eonsidered eom- 
ponents of the posterior mediastinum. 

Anterìor medìastìnum: The smallest subdivision of the 
mediastinum, between sternum and transversus thoraeis mus- 
eles, signifieant primarily as a surgical plane, eontains primarily 
loose eonneetive tissue and, in infants and ehildren, the inferior 
extend of the thymus. 

Surface anatomy of thoraeìe vìseera: The heart and 
greatvessels are in the eentral thorax, surrounded laterally 
and posteriorly by the lungs, and are overlapped anteriorly 
by the lines of pleural refleetion and anterior borders of the 
lungs, sternum and the eentral part of the thoraeie eage. 

♦ The position of the mediastinal viseera depends on posi- 
tion relative to gravity, phase of respiration, and the build 
and physieal eondition of the person. ♦ Apieal portions of 
pleurae and lungs lie posteriorto the supraclavicular fossa. 

♦ The transverse thoraeie plane interseets the sternal angle 
and demareates the great vessels superiorly from the peri- 
cardium/heart. ♦ The xiphisternal junction provides an indi- 
eation of the eentral tendon of the diaphragm. 


thePointjj^t 


Board-revìew questìons, ease studìes, and addìtìonal resources are avaìlable at thePoìnt.lww.conì. 
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sions; Reversal of Venous Flow and Collateral 
Pathways of Superficial Abdominal Veins /197 

Internal Surface of Anterolateral 
Abdominal Wall / 201 

lnguinal Region / 202 

TABLE 2.5. Boundaries of lnguinal Canal / 204 

Spermatie Cord, Scrotum, and Testes / 206 

TABLE 2.6. Corresponding Layers of Anterior 
Abdominal Wall, Scrotum, and Spermatie 
Cord / 208 

Surface Anatomy of Anterolateral Abdominal 
Wall/ 210 


BLUE BOX: Internal Surface of Anterolateral 
Abdominal Wall and lnguinal Region. Unde- 
seended (Cryptorchid) Testis; External Supra- 
vesieal Hernia; Postnatal Pateney of Umbilical 
Vein; Metastasis of Uterine Cancerto Labium 
Majus; Spermatie Cord, Scrotum, and Testes. 
Inguinal Hernias; Cremasteric Reflex; Cysts 
and Hernias of Canal of Nuck; Hydroeele of 
Spermatie Cord and/or Testis; Hematoeele of 
Testis; Torsion of Spermatie Cord; Anesthetiz- 
ingScrotum; Spermatoeele and Epididymal 
Cyst; Vestigial Remnants of Embryonie Genital 
Ducts; Varieoeele; Cancer ofTestis and 
Scrotum /211 

PERITONEUM AND PERITONEAL 
CAVITY/ 217 

Embryology of Peritoneal Cavity /218 

Peritoneal Formations /219 

Subdivisions of Peritoneal Cavity / 221 

BLUE BOX: Peritoneum and Peritoneal Cavity. 
Pateney and Bloekage of Uterine Tubes; 
Peritoneum and Surgical Procedures; 
Peritonitis and Aseites; Peritoneal 
Adhesions and Adhesiotomy; Abdominal 
Paraeentesis; Intraperitoneal injeetion and 
Peritoneal Dialysis; Functions ofGreater 
Omentum; Abseess Formation; Spread of 
Pathologieal Fluids; Flow of Aseitie Fluid 
and Pus; Fluid in Omental Bursa; Intestine 
in Omental Bursa; Severanee of Cystic 
Artery / 223 

ABDOMINAL VISCERA / 226 

Overview of Abdominal Viseera and 
Digestive Traet / 226 

Esophagus / 229 

Stomaeh /230 

TABLE 2.7. Arterial Supply to Abdominal 
Foregut Derivatives: Esophagus, Stomaeh, 

Liver, Gallbladder, Panereas, and Spleen / 236 
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Small Intestìne / 239 

TABLE 2.8. Relationships of Duodenum / 242 

TABLE 2.9. Distinguishing Characteristics ofJejunum and 
lleum in Living Body (Fig. 2.48) / 244 

Large Intestine / 246 

TABLE 2.10. Arterial Supply to Intestines / 250 

BLUE BOX: Esophagus and Stomaeh. Esophageal Vari- 
ees; Pyrosis; Displaeement ofStomaeh; Hiatal Hernia; 
Pylorospasm; Gongenital Hypertrophie Pylorie Stenosis; 
Gareinoma of Stomaeh; Gastreetomy and Lymph Node 
Reseetion; Gastrie Ulcers, Peptie Ulcers, Helieobaeter 
pylori, and Vagotomy; Viseeral Referred Pain; Small and 
Large Intestine. Duodenal Ulcers; Developmental Ghanges 
in Mesoduodenum; Paraduodenal Hernias; Brief Review 
of Embryologieal Rotation ofMidgut; Navigating Small 
Intestine; isehemia of Intestine; lleal Diverticulum; Posi- 
tion of Appendix; Appendieitis; Appendeetomy; Mobile 
Aseending Golon; Golitis, Goleetomy, lleostomy, and 
Golostomy; Golonoseopy; Diverticulosis; Volvulus of 
Sigmoid Golon / 254 

Spleen / 263 

Panereas / 265 

Liver / 268 

TABLE2.11. Terminology for Subdivisions of Liver / 274 

Biliary Ducts and Gallbladder / 277 

BLUE BOX: Spleen and Panereas. Rupture of Spleen; Sple- 
neetomy and Splenomegaly; Aeeessory Spleen(s); Splenie 
Needle Biopsy and Splenoportography; Bloekage of Hepato- 
panereatie Ampulla and Panereatitis; Endoseopie Retrograde 
Gholangiopanereatography; Aeeessory Panereatie Tissue; 
Panereateetomy; Rupture of Panereas; Panereatie Ganeer; 
Liver, Biliary Ducts, and Gallbladder. Palpation of Liver; 
Subphrenic Abseesses; Hepatie Lobeetomies and Segmen- 
teetomy; Rupture of Liver; Aberrant Hepatie Arteries; Varia- 
tions in Relationships of Hepatie Arteries; Hepatomegaly; 
eirrhosis of Liver; Liver Biopsy; Mobile Gallbladder; 
Variations in Gystie and Hepatie Ducts; Aeeessory Hepatie 


Ducts; Gallstones; Gallstones in Duodenum; Gholeeysteetomy; 
Portal Hypertension; Portosystemie Shunts / 281 

Kidneys, Ureters, and Suprarenal Glands / 290 

BLUE BOX: Kidneys, Ureters, and Suprarenal Glands. 
Palpation ofKidneys; Perinephrie Abseess; Nephroptosis; 
Renal Transplantation; Renal Gysts; Pain in Pararenal 
Region; Aeeessory Renal Vessels; Renal Vein Entrapment 
Syndrome; Gongenital Anomalies of Kidneys and Ureters; 
Renal and Ureteric Calculi / 298 

Summary of Innervation of Abdominal Viseera / 301 

TABLE 2.12. Autonomic Innervation of Abdominal Viseera 
(Splanehnie Nerves) / 303 

DIAPHRAGM / 306 

Vessels and Nerves of Diaphragm / 307 

TABLE 2.13. Neurovascular Structures of 
Diaphragm / 308 

Diaphragmatie Apertures /308 

Aetions of Diaphragm / 309 

POSTERIOR ABDOMINAL WALL / 309 

Faseia of Posterior Abdominal Wall /310 

Muscles of Posterior Abdominal Wall /311 

TABLE 2.14. Muscles of Posterior Abdominal Wall /312 

Nerves of Posterior Abdominal Wall /312 

Vessels of Posterior Abdominal Wall /313 

TABLE 2.1 5. Branehes of Abdominal Aorta /314 

BLUE BOX: Diaphragm. Hiccups; Seetion of a Phrenie 
Nerve; Referred Pain From Diaphragm; Rupture of Dia- 
phragm and Herniation ofViseera; Gongenital Diaphrag- 
matie Hernia; Posterior Abdominal Wall. Psoas Abseess; 
Posterior Abdominal Pain; Partial Lumbar Sympatheetomy; 
Pulsations of Aorta and Abdominal Aortie Aneurysm; 
Collateral Routes for Abdominopelvie Venous Blood /317 

SEenONAL MEDieAL IMAGING OF ABDOMEN / 321 


The abdomen is the part of the tmnk betvveen the thorax and 
the pelvis (Fig. 2.1). It is a flexible, dynamie eontainer, hons- 
ing most of the organs of the alimentary system and part of 
the nrogenital system. Gontainment of the abdominal organs 
and their eontents is provided by musculo-aponeurotic loalls 
anterolaterally, the diaphragm snperiorly, and the mnseles of 
the pelvis inferiorly. The anterolateral mnsenlo-aponenrotie 


walls are snspended between and snpported by two bony rings 
(the inferior margin of the thoraeie skeleton snperiorly and the 
pelvie girdle inferiorly) linked by a semirigid Inmbar vertebral 
eolnmn in the posterior abdominal wall. Interposed between 
the more rigid thorax and pelvis, this arrangement enables the 
abdomen to enelose and proteet its eontents while providing 
the flexibility reqmred by respiration, postnre, and loeomotion. 
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Xiphoid proeess of sternum 


Transpylorie plane 
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Deseending eolon 


Interspinous plane 
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Drinary bladder 


1. Demareated by diaphragm 

2. Demareated by plane of pelvie inlet 


FIGIJRE 2.1. Overview of viseera of thorax and abdomen in situ. 


Through voluntary or reflexive eontraetion, its muscular 
roof, anterolateral walls, and floor ean raise internal (intra- 
abdominal) pressnre to aid expulsion of air from the thoraeie 
eavity (lungs and bronehi) or of fluid (e.g., urine or vomitns), 
flatns, feees, or fetnses from the abdominopelvie eavity. 

OVERVIEW: WALLS, GAVITIES, 
REGIONS, AND PLANES 


The dynamie, multi-layered, musculo-aponeurotic abdomi- 
nal walls not only eontraet to inerease intra-abdominal 
pressnre, but also distend eonsiderably, aeeommodating 
expansions eansed by ingestion, pregnaney, fat deposition, or 
pathology. 


The anterolateral ahdominal ivall and several organs 
lying against the posterior wall are eovered on their internal 
aspeets with a serons membrane or peritonenm (serosa) that 
refleets (turns sharply and eontinnes) onto the abdominal 
viseera (L., soft parts, internal organs), such as the stomaeh, 
intestine, liver, and spleen. Thus, a bursal sae or lined poten- 
tial spaee {peritoneal eavity) is formed between the walls and 
the viseera that normally eontains only enongh extracellu- 
lar (parietal) fluid to lubricate the membrane eovering most 
of the snrfaees of the structures forming or oeenpying the 
abdominal eavity. Viseeral movement assoeiated with diges- 
tion oeenrs freely, and the donble-layered refleetions of peri- 
tonenm passing between the walls and the viseera provide 
passage for the blood vessels, lymphaties, and nerves. Vari- 
able amonnts of fat may also occur between the walls and 
viseera and the peritonenm lining them. 
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The abdominal eavity; 

• forms the superior and major part of the abdominopel- 
vie eavity (Fig. 2.2), the eontinuous eavity that extends 
between the thoraeie diaphragm and pelvie diaphragm. 

• has no floor of its own beeanse it is eontinnons with the 
pelvie eavity. The plane of the pelvie inlet (snperior pel- 
vie apertnre) arbitrarily, bnt not physieally, separates the 
abdominal and the pelvie eavities. 

• extends snperiorly into the osseoeartilaginons thoraeie 
eage to the 4th intereostal spaee (Fig. 2.1). Consequently, 
the more snperiorly plaeed abdominal organs (spleen, 
liver, part of the kidneys, and stomaeh) are proteeted by 
the thoraeie eage. The greater pelvis (expanded part of 
the pelvis snperior to the pelvie inlet) snpports and partly 
proteets the lower abdominal viseera (part of the ileum, 
eeenm, appendix, and sigmoid eolon). 

• is the loeation of most digestive organs, parts of the nro- 
genital system (kidneys and most of the nreters), and the 
spleen. 

Nine regions of the abdominal eavity are nsed to deseribe the 
loeation of abdominal organs, pains, or pathologies (Table 
2.1A & B). The regions are delineated by fonr planes: two 
sagittal (vertieal) and two transverse (horizontal) planes. The 
two sagittal planes are nsnally the midelavienlar planes that 
pass from the midpoint of the elavieles (approximately 9 em 


Body eavities 


Thoraeie eavity 
Abdominal eavity 
Pelvie eavity 


Thoraeie - 
diaphragm 


Plane of superior 
pelvie aperture 
(pelvie inlet) 


Medial view 



Plane of superior 
thoraeie aperture 
(thoraeie inlet) 


Thoraeie eage 


Abdomino- 
pelvie eavity 


Pubic 

symphysis 

Pelvie 

diaphragm 


FIGIJRE 2.2. Abdominopelvie eavity. The body has been seetioned in 
the median plane to shovv the abdominal and pelvie eavities as subdivisions 
of the continuous abdominopelvie eavity. 


from the midline) to the midinguinal points, midpoints of 
the lines joining the anterior snperior iliae spine (ASIS) and 
the pnhie tnhereles on eaeh side. 

Most eommonly, the transverse planes are the snbeostal 
plane, passing through the inferior border of the lOth eostal 
eartilage on eaeh side, and the transtubercular plane, pass- 
ing throngh the iliae tnbereles (approximately 5 em posterior 
to the ASIS on eaeh side) and the body of the L5 vertebra. 
Both of these planes have the advantage of interseeting pal- 
pable strnetnres. 

Some elinieians nse the transpylorie and interspinous 
planes to establish the nine regions. The transpylorie 
plane, extrapolated midway between the snperior borders 
of the mannbrinm of the sternnm and the pnbie symphy- 
sis (typieally the L1 vertebral level), eommonly transeets 
the pyloms (the distal, more tubular part of the stomaeh) 
when the patient is reenmbent (supine or prone) (Fig. 2.1). 
Beeanse the viseera sag with the pnll of gravity, the pylorns 
nsnally lies at a lower level when the individual is standing 
ereet. The transpylorie plane is a nsefnl landmark beeanse it 
also transeets many other important strnetnres: the fnndns 
of the gallbladder, neek of the panereas, origins of the snpe- 
rior mesenterie artery (SMA) and hepatie portal vein, root of 
the transverse mesoeolon, dnodenojejnnal jnnetion, and hila 
of the kidneys. The interspinous plane passes throngh the 
easily palpated ASIS on eaeh side (Table 2.1B). 

For more general elinieal deseriptions, fonr quadrants of 
the abdominal eavity (right and left upper and lower quad- 
rants) are deflned by two readily deflned planes: (1) the trans- 
verse transnmbilieal plane, passing throngh the nmbiliens 
(and the intervertebral [IV] dise between the L3 and L4 
vertebrae), dividing it into upper and lower halves, and (2) 
the vertieal median plane, passing longitndinally throngh the 
body, dividing it into right and left halves (Table 2.1C). 

It is important to know what organs are loeated in eaeh 
abdominal region or quadrant so that one knows where to 
ansenltate, perenss, and palpate them (Table 2.1), and to 
reeord the loeations of flndings dnring a physieal examination. 

ANTEROLATERAL ABDOMINAL WALL 

Althongh the abdominal wall is eontinnons, it is snbdivided 
into the anterior tvall, right and left lateral loalls, and pos- 
terior tvall for deseriptive pnrposes (Fig. 2.3). The wall is 
mnsenlo-aponenrotie, except for the posterior wall, which 
inelndes the Inmbar region of the vertebral eolnmn. The 
bonndary between the anterior and lateral walls is indefl- 
nite, therefore the term anterolateral abdominal wall is 
often nsed. Some strnetnres, sneh as mnseles and entane- 
ons nerves, are in both the anterior and lateral walls. The 
anterolateral abdominal wall extends from the thoraeie eage 
to the pelvis. 

The anterolateral abdominal wall is bonnded snperiorly by 
the eartilages of the 7th-10th ribs and the xiphoid proeess of 
the sternnm, and inferiorly by the ingninal ligament and the 
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TABLE 2.1. ABDOMINAL REGIONS (A), REFERENGE PLANES (B), AND QUADRANTS (C) 



(A) Abdomìnal regions 


Jugular line 


Midclavicular 
line (MCL) 


Semilunar 


Abdominal areas 


Abdominal Regions: 

Right hypochondrium 
Right flank (lateral region) 
Right inguinal (groin) 
Epigastrie 
Dmbilieal 
Pubic 

Left hypoehondriae 
Left flank (lateral region) 
Left inguinal (groin) 

Abdominal Quadrants: 

RUQ Right upper quadrant 
LUQ Left upper quadrant 


RLQ Right lower quadrant 
LLQ Left lower quadrant 


Transpylorie 


Subcostal 



Transtubercular 


tubercle 

Interspinous 

plane 


Pubic 

symphysis 


plane 


Anterior 
superior 
iliae spine 
(ASIS) 


Inguinal 
ligament 



Median plane 


Transumbilical 


(C) Abdominal quadrants 


Right upper quaclrant (RUQ) 1 


Left upper quaclrant (LUQ) | 

Liver: right lobe 

Gallbladder 

Stomaeh: pylorus 

Duodenum: parts 1-3 

Panereas: head 

Right suprarenal gland 

Right kidney 

Right eolie (hepatie) flexure 
Aseending eolon: 
superior part 

Transverse eolon: right half 

V J 


Liver: left lobe 

Spleen 

Stomaeh 

Jejunum and proximal ileum 
Panereas: body and tail 

Left kidney 

Left suprarenal gland 

Left eolie (splenie) flexure 
Transverse eolon: left half 
Deseending eolon: 
superior part 



Right lower quadrant (RLQ) j 


Left lower quadrant (LLQ) | 

Cecum 

Appendix 

Most of ileum 

Aseending eolon: inferior part 
Right ovary 

Right uterine tube 

Right ureter: abdominal part 
Right spermatie eord: 
abdominal part 

Uterus (if enlarged) 

Urinary bladder (if very full) 

V J 


Sigmoid eolon 

Deseending eolon: inferior part 
Left ovary 

Left uterine tube 

Left ureter: abdominal part 

Left spermatie eord: 
abdominal part 

Uterus (if enlarged) 

Urinary bladder (if very full) 


(B) Abdominal referenee planes 
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Vertieal anterior Linea 
abdominal muscles alba 


-Y- 

Posterior 


Flat 

anterolateral 
abdominal 
muscles 


(^f abdomen 
\)_of baek 

Vertieal 

posterior 

muscles 


Axio-appendicular 
muscles* 

Lumbar vertebra 


Inferior view * Boundary indefinite and overlapping 

FIGITRE 2.3. Subdìvìsìons of abdomìnal wall. A transverse seetion of the 
abdomen demonstrates various aspeets of the wall and its eomponents. 
[*The relatively superficial latissimus dorsi and deeper psoas major muscles 
are axioappendicular muscles that attaeh distally in the upper and lower 
limbs, respeetively.] 


superior margins of the anterolateral aspeets of the pelvie gir- 
dle (iliae erests, pubic erests, andpubic symphysis) (Fig. 2.4A). 

The anterolateral abdominal wall eonsists of skin and 
subcutaneous tissue (superficial faseia) eomposed mainly of 
fat, mnseles and their aponenroses and deep faseia, extra- 
peritoneal fat, and parietal peritonenm (Fig. 2.4B). The skin 
attaehes loosely to the subcutaneous tissue, except at the 
umbilicus, where it adheres firmly. Most of the anterolat- 
eral wall inelndes three musculotendinous layers; the fiber 
bundles of eaeh layer run in different direetions. This three- 
ply structure is similar to that of the intereostal spaees in the 
thorax. 

Faseia of the Anterolateral 
Abdomìnal Wall 


Azygos vein 


Thoraeie aorta 


Esophagus 


Inferior vena eava 


Perieardial sae 
Thoraeie eage 


Xiphoid proeess 
of sternum 


Gostodiaphragmatie 

reeess 


Gallbladder 


Greater omentum 


Abdominal wall 


External oblique 
Internal oblique 


Transversus 

abdominis 




Rectus abdominis 
Inguinal ligament 


Pubic erest and symphysis 


(A) Anterior view 


Superficial 



Deep 


Skin (cut edge) 

Superficial fatty layer 
of subcutaneous 
tissue (Gamper faseia) 


Deep membranous 
layer of subcutaneous 
tissue (Searpa faseia) 

Investing (deep) 
faseia- 


s 


uperficial, 
intermediate, & deep 



External oblique 
Internal oblique 

Transversus 

abdominis 

Extraperitoneal fat 

Endoabdominal 

(transversalis) 

faseia 

Parietal 

peritoneum 


(B) LongitudinaI seetion 


The subcutaneous tissne over most of the wall inelndes a 
variable amonnt of fat. It is a major site of fat storage. Males 
are espeeially snseeptible to snbentaneons aeenmnlation of 
fat in the lower anterior abdominal wall. In morhid ohesity, 
the fat is many inehes thiek, often forming one or more sag- 
ging folds (L. pannienli; singnlar = pannienlns, apron). 

Snperior to the nmbiliens, the snbentaneons tissne is 
eonsistent with that found in most regions. Inferior to the 
nmbiliens, the deepest part of the snbentaneons tissne is 
reinforeed by many elastie and eollagen fibers, so it has two 
layers: the superfìcial fatty layer (Gamper faseia) and the 
deep membranoas layer (Searpa faseia) of subcutane- 
ous tissue. The membranons layer eontinnes inferiorly into 


FIGIJRE 2.4. Abdomìnal eontents, undìsturbed, and layers of antero- 
lateral abdomìnal wall. A. The anterior abdominal wall and soft tissues 
ofthe anterior thoraeie wall have been removed. Most ofthe intestine is 
eovered by the apron-like greater omentum, a peritoneal fold hanging from 
the stomaeh. B. Layers ofthe anterolateral abdominal wall, includingthe 
trilaminar fìat muscles, are shown. 

the perineal region as the snperfieial perineal faseia (Golles 
faseia), bnt not into the thighs. 

Snperfieial, intermediate, and deep layers of investingfas- 
eia eover the external aspeets of the three mnsele layers of 
the anterolateral abdominal wall and their aponenroses (fiat 
expanded tendons) and eannot be easily separated from them. 
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The investing faseias here are extremely thin, being represented 
mostly by the epimysium (onter fibrons eonneetive tissne layer 
snrronnding all mnseles—see Introdnetion) snperfieial to or 
between mnseles. The intemal aspeet of the abdominal wall is 
lined with membranons and areolar sheets of varying thiekness 
eonstitnting endoabdomìnal faseia. Althongh eontinnons, 
different parts of this faseia are named aeeording to the mnsele 
or aponenrosis it is lining. The portion lining the deep snrfaee 
of the transversns abdominis mnsele and its aponenrosis is the 
transversalis faseia. The glistening lining of the abdominal 
eavity, the parietal pentonenm, is formed by a single layer of 
epithelial eells and snpporting eonneetive tissne. The parietal 
peritonenm is internal to the transversalis faseia and is sepa- 
rated from it by a variable amonnt of extraperitoneal fat. 


Muscles of Anterolateral 
Abdominal Wall 

There are five (bilaterally paired) mnseles in the anterolateral 
abdominal wall (Fig. 2.3): three fiat mnseles and two vertieal mns- 
eles. Their attaehments are demonstrated in Fignre 2.5 and listed, 
along with their nerve snpply and main aetions, in Table 2.2. 

The threeflat mnseles are the external ohlique, internal 
ohlique, and transversus ahdominis. The mnsele fibers of 
these three eoneentrie mnsele layers have varying orienta- 
tions, with the fibers of the onter two layers rnnning diago- 
nally and perpendienlar to eaeh other for the main part, and 
the fibers of the deep layer rnnning transversely. All three 
fiat mnseles are eontinned anteriorly and medially as strong. 


Free 
posterior 
border of 
external 
oblique 


Internal 


oblique 



External oblique 


External oblique (cut) 


Rectus sheath 
(anterior layer) 


Anterior 
superior 
iliae spine 
(ASIS) 

Inguinal 


(A) Layer 1 


Attaehment of 
external oblique 
to iliae erest 



Thoracolumbar 

faseia 


ligament 


(A) - (C) = Three layers of muscles of 

anterolateral abdominal wall 


(B) Layer 2 


Psoas muscle 


Quadratus lumborum 


Thoracolumbar faseia: 


Anterior layer 


Middle layer 
Posterior layer 



Cut attaehments 
of internal oblique 


Transversus 

abdominis 


12th rib-^ 


Internal 

oblique 


(C) Layer 3 


Inguinal 

ligament 


Quadratus 

lumborum 

(posterior 

abdominal 

wall) 



Gostal 

eartilages 


Rectus 

abdominis 


Tendinous 

interseetions 


Pubic erest 


Lateral views 


(D) Anterior & posterior 
wall muscles 


Origin of (2) & (3) 
from lateral part 
of thoracolumbar 



Layers of anterolateral 
abdominal wall muscle: 

(1) External oblique 

(2) Internal oblique 

(3) Transversus abdominis 


Free posterior border 
of external oblique (1) 


Latissimus dorsi 


Deep muscles of baek 


(E) Inferior view of transverse seetion of posterolateral abdominal wall 


FIGITRE 2.5. Muscles of anterolateral abdomìnal wall. 
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TABLE 2.2. MUSCLES OF ANTEROLATERAL ABDOMINAL WALL 


Muscle 

Origin 

Insertion 

Innervation 

Main Aetion^ 

External oblique (A) 

External surfaces ofSth- 
12th ribs 

Linea alba, pubic tuber- 
ele, and anterior half of 
iliae erest 

Thoraeo-abdominal 
nerves (T7-T11 spinal 
nerves) and subcostal 
nerve 

Gompresses and sup- 
ports abdominal viseera,^ 
flexes and rotates trunk 

Internal oblique (B) 

Thoracolumbarfascia, 
anterior two thirds of iliae 
erest, and eonneetive tis- 
sue deep to lateral third 
of inguinal ligament 

Inferior borders of lOth- 
12th ribs, linea alba, and 
peeten pubis via eonjoint 
tendon 

Thoraeo-abdominal 
nerves (anterior rami of 
T6-T12 spinal nerves) 
and first lumbar nerves 

Transversiis abdominis 

(C) 

Internal surfaces of 7th- 
12th eostal eartilages, 
thoracolumbar faseia, 
iliae erest, and eonnee- 
tive tissue deep to lateral 
third of inguinal ligament 

Linea alba with aponeu- 
rosis of internal oblique, 
pubic erest, and peeten 
pubis via eonjointtendon 

Gompresses and sup- 
ports abdominal viseera^ 

Rectus abdominis (D) 

Pubic symphysis and 
pubic erest 

Xiphoid proeess and 5th- 
7th eostal eartilages 

Thoraeo-abdominal 
nerves (anterior rami of 
T6-T12 spinal nerves) 

Flexes trunk (lumbarver- 
tebrae) and eompresses 
abdominal viseera;^ sta- 
bilizes and eontrols tilt of 
pelvis (antilordosis) 


^Approximately 80% of people have an insignifieantmosele, the pyramidalis, which is loeated in the rectus sheath anteriorto the most inferior partof the rectus 
abdominis. Itextends from the pubic erestofthe hip bone to the linea alba. This small muscle draws down on the linea alba. 

^ln so doing, these muscles aetas antagonists ofthe diaphragm to produce expiration. 


sheet-like aponeuroses (Fig. 2.6A). Between the midelavien- 
lar line (MCL) and the midline, the aponenroses form the 
tongh, aponenrotie, tendinons reetns sheath enelosing the 
reetns abdominis mnsele (Fig. 2.6B). The aponenroses then 
intenveave with their fellows of the opposite side, forming 
a midline raphe (G. rhaphe, sntnre, seam), the linea alba 
(L. white line), which extends from the xiphoid proeess to 
the pnbie symphysis. The deenssation and intenveaving of 
the aponenrotie fibers here is not only between right and 
left sides bnt also between snperfieial and intermediate and 
intermediate and deep layers. 

The tioo vertieal mnseles of the anterolateral abdominal 
wall, eontained within the reetns sheath, are the large reetns 
ahdominis and the small pyramidalis. 

EXTERNAL OBLIQUE MUSCLE 

The external oblique mnsele is the largest and most 
snperfieial of the three fiat anterolateral abdominal mns- 
eles (Fig. 2.7). The attaehments of the external oblique 
are demonstrated in Fignre 2.5A, and listed, along with 
the nerve snpply, and main aetions, in Table 2.2. In eon- 
trast to the two deeper layers, the external oblique does 
not originate posteriorly from the thoraeolnmbar faseia; 
its posteriormost fibers (the thiekest part of the mnsele) 
have a free edge where they span between its eostal ori- 
gin and the iliae erest (Fig 2.5D & E). The fieshy part of 
the mnsele eontribntes primarily to the lateral part of the 
abdominal wall. Its aponenrosis eontribntes to the anterior 
part of the wall. 


Althongh the posteriormost fibers from rib 12 are 
nearly vertieal as they rnn to the iliae erest, more anterior 
fibers fan ont, taking an inereasingly medial direetion so 
that most of the fieshy fibers rnn inferomedially—in the 
same direetion as the fingers do when the hands are in 
one’s side poekets—with the most anterior and snperior 
fibers approaehing a horizontal eonrse. The mnsele fibers 
beeome aponenrotie approximately at the MCL medially 
and at the spino-umbilical line (line rnnning from the 
nmbiliens to the ASIS) inferiorly, forming a sheet of ten- 
dinons fibers that deenssate at the linea alba, most beeom- 
ing eontinnons with tendinons fibers of the eontralateral 
internal oblique (see Fig. 2.6A). Thns, the eontralateral 
external and internal oblique mnseles together form a 
“digastrie mnsele,” a two-bellied mnsele sharing a eom- 
mon eentral tendon that works as a nnit (see introdnetion 
ehapter). For example, the right external oblique and left 
internal oblique work together when fiexing and rotating 
to bring the right shonlder toward the left hip (torsional 
movement of trnnk). 

Inferiorly, the external oblique aponenrosis attaehes to 
the pnhie erest medial to the pnhie tnherele. The inferior 
margin of the external oblique aponenrosis is thiekened 
as an nnderenrving fibrons band with a free posterior 
edge that spans between the ASIS and the pnbie tnberele 
as the ingninal ligament (Ponpart ligament) (Figs. 2.7B 
and 2.8). 

Palpate yonr ingninal ligament by pressing deeply into 
the eenter of the erease between the thigh and trnnk 
and moving the fingertips up and down. Inferiorly the 
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Fibers of left external 
oblique aponeurosis, 
which run deep on the 
right side and running 
superficially on the left 
side 

Dmbilieal ring 

Deep fibers of right 
external oblique 
aponeurosis 

Deep fibers of left 
external oblique 
aponeurosis 


Intramuscular exchange of superficial and deep 
fibers within aponeuroses of eontralateral 
external oblique muscles. 



Right external 
oblique muscle 


Fibers of right 
external oblique 
aponeurosis 


Fibers passing from 
superficial to deep 
(and viee versa) 
at linea alba 


Fibers of left 
internal oblique 
aponeurosis 


Left internal 
oblique muscle 


Intermuscular exchange of fibers between aponeuroses of 
eontralateral external and internal oblique muscles. 


(A) Anterior views 


Investing (deep) faseia 






Intermediate 
Superficial 


1 % 




Transversus abdominis 
Internal oblique 
External oblique 


Rectus abdominis 


Parietal peritoneum 
Extraperitoneal fat 
Transversalis faseia 

Aponeurosis 
of transversus 
abdominis 




Superficial 
fatty layer of 
subcutaneous 
tissue 


i 


i2Li. 




Deep membranous layer 
of subcutaneous 
tissue 


Rectus 

sheath 


Linea alba 
(note fibers passing 
from superficial to deep, 
and viee versa, as in 
right side of figure A) 


(B) Anterior view 



Aponeurosis 
of internal 
oblique 

Aponeurosis 
of external 
oblique 


Transverse seetions 


FIGIJRE 2.6. Structure of anterolateral abdomìnal wall. A. Intramuscular and intermuscular fiber exchanges within the bilaminar aponeuroses of the exter- 
nal and internal oblique muscles are shown. B. Transverse seetions of the wall superior and inferior to the umbilicus show the makeup ofthe rectus sheath. 


ingmnal ligament is eontinnons with the deep faseia of 
the thigh. The ingninal ligament is therefore not a free- 
standing strnetnre, althongh—as a nsefnl landmark—it 
is frequently depieted as sneh. It serves as a retinaculum 
(retaining band) for the mnsenlar and nenrovasenlar strne- 
tnres passing deep to it to enter the thigh. The inferior 
parts of the two deeper anterolateral abdominal mnseles 
arise in relationship to the lateral portion of the ingninal 
ligament. The eomplex modifieations and attaehments of 
the ingninal ligament, and of the inferomedial portions 


of the aponenroses of the anterolateral abdominal wall 
mnseles, are disenssed in detail with the ingninal region 
(later in this ehapter). 

INTERNAL OBLIQUE MUSCLE 

The intermediate of the three fiat abdominal mnseles, 
the internal oblique is a thin mnsenlar sheet that fans 
ont anteromedially (Figs. 2.5B, 2.8, and 2.9A). Exeept for 
its lowermost fibers, which arise from the lateral half of the 
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Serratus anterior 
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Lateral abdominal 
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Anterior abdominal 
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Superficial circumflex 
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Superficial epigastrie 
artery and vein 
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(A) Anterior view 



Internal oblique 

External oblique 

Anterior superior iliae spine 

External oblique aponeurosis 

Musculo-aponeurotic areade of 
transversus abdominis 

Deep inguinal ring 
(transversalis faseia) 

Incurved lower margin 
(gutter) of aponeurosis 
forming inguinal ligament 
(floor of inguinal eanal) 

Nerve 
Femoral ^ Artery 


(B) Anterior view 


Testis 


5th eostal eartilage 


Anterior layer of rectus sheath 


Rectus abdominis 


External oblique 


Tendinous interseetion 


Anterior superior iliae spine 


External oblique aponeurosis 

Deep membranous layer 
of subcutaneous tissue 

Intercrural fibers 
Superficial inguinal ring 


Ilio-inguinal nerve 
Spermatie eord 



Transversus abdominis 


Spermatie eord 


Inguinal ligament (passing 
anterior to peeten pubis) 


Pubic tubercle 


Pubic erest 


FIGIJRE 2.7. Anterolateral abdomìnal wall. A. In this superfìcial disseetion, the anterior layer ofthe rectus sheath is refìeeted on the left side. Observe the 
anterior cutaneous nerves (T7-T12) piereing the rectus abdominis and the anterior layer ofthe rectus sheath. B. The three fìat abdominal muscles and the 
formation ofthe inguinal ligament are demonstrated. 























































Chapter2 Abdomen 


191 


External oblique 


Internal oblique 


Iliohypogastrie nerve 


Ilio-inguinal nerve 


Aponeurosis of 
external oblique 


Inguinal ligament 


Gremaster 


Saphenous opening 


Inguinal lymph nodes 


Linea alba 



Rectus sheath (anterior wall) 


Fundiform ligament of penis 


Inferior aponeurotic 
fibers of internal oblique 


Medial crus ^ of external 

oblique 
Lateral crus I aponeurosis 


Superficial 
inguinal ring (exit 
from inguinal eanal) 


Inguinal falx (eonjoint tendon) Refleeted (reflex) Inguinal 

inguinal ligament eanal 


FIGITRE 2.8. Inferior abdominal wall and inguinal region of a male. The aponeurosis of the external oblique is partly cut avvay, and the spermatie eord 
has been cut and removed from the inguinal eanal. 


ingmnal ligament, its fleshy flbers rnn perpendienlar to those 
of the external oblique, rnnning snperomedially (like yonr 
flngers when the hand is plaeed over yonr ehest). Its flbers 
also beeome aponenrotie at the MCL and partieipate in the 
formation of the reetns sheath. The attaehments of the inter- 
nal oblique are demonstrated in Fignre 2.5B, and listed, 
along with the nerve snpply and main aetions, in Table 2.2. 

TRANSVERSUS ABDOMINIS MUSCLE 

The flbers of the transversus abdominis, the innermost of 
the three flat abdominal mnseles (see Figs. 2.5C and 2.7B), 
rnn more or less transversally, except for the inferior ones, 
which rnn parallel to those of the internal oblique. This trans- 
verse, eirenmferential orientation is ideal for eompressing 
the abdominal eontents, inereasing intra-abdominal pres- 
snre. The flbers of the transversns abdominis mnsele also end 
in an aponenrosis, which eontribntes to the formation of the 
reetns sheath (Fig. 2.9). The attaehments of the transversns 
abdominis are demonstrated in Fignre 2.5C, and listed, along 
with the nerve snpply and main aetions, in Table 2.2. 

Between the internal oblique and the transversns abdom- 
inis mnseles ìs Sineurovascularplane, which eorresponds with 
a similar plane in the intereostal spaees. In both regions, the 


plane lies between the middle and deepest layers of mnsele 
(Fig. 2.9A). The neurovascular plane of the anterolat- 
eral abdominal wall eontains the nerves and arteries snp- 
plying the anterolateral abdominal wall. In the anterior part 
of the abdominal wall, the nerves and vessels leave the nen- 
rovasenlar plane and lie mostly in the snbentaneons tissne. 

RECTUS ABDOMINIS MUSCLE 

A long, broad, strap-like mnsele, the reetns abdominis 
(L. rectus, straight) is the prineipal vertieal mnsele of the 
anterior abdominal wall (Figs. 2.5D, 2.6A, and 2.8B). The 
attaehments of the reetns abdominis are demonstrated in 
Fignre 2.5D, and listed, along with the nerve snpply and 
main aetions, in Table 2.2. The paired reetns mnseles, sepa- 
rated by the linea alba, lie elose together inferiorly. The ree- 
tns abdominis is three times as wide snperiorly as inferiorly; it 
is broad and thin snperiorly and narrow and thiek inferiorly. 
Most of the reetns abdominis is enelosed in the reetns sheath. 
The reetns mnsele is anehored transversely by attaehment 
to the anterior layer of the reetns sheath at three or more 
tendinous interseetions (see Figs. 2.5D and 2.7A). When 
tensed in mnsenlar people, the areas of mnsele between the 
tendinons interseetions bnlge outward. The interseetions. 
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Superior epigastrie artery 


Posterior wall of upper rectus 
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• Posterior lamina of 
internal oblique aponeurosis 

• Transversus abdominis 
aponeurosis 
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sheath eonsisting of: 

• External oblique 
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oblique aponeurosis 


Level of umbilicus 
Inferior epigastrie artery 
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Posterior wall of lower rectus 
sheath; transversalis faseia only 


Anterior wall of lower 
rectus sheath 
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aponeurotic layers 



Dartos faseia 


Scrotum 


(B) Sehematie sagittal seetion 


Diaphragm 
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of internal 
thoraeie 
artery 


Peritoneum 


Transversalis 

faseia 


Deep 

membranous 
layer of 
subcutaneous 
tissue (Searpa 
faseia) 

External 
iliae artery 


Body of pubis 

Membranous 
layer of 
subcutaneous 
tissue 

(Golles faseia) 


FIGIJRE 2.9. Formation of rectus sheath and neurovascular structures of anterolateral abdominal wall. A. In this deep disseetion, the fìeshy portion of 
the extemal oblique is excised on the right side, but its aponeurosis and the anterior wall ofthe rectus sheath are intaet. The anterior wall ofthe sheath and the 
rectus abdominis are removed on the left side so that the posterior wall ofthe sheath may be seen. Lateral to the left rectus sheath, the fìeshy part ofthe inter- 
nal oblique has been cut longitudinally; the edges ofthe cut are retraeted to reveal the thoraeo-abdominal nerves coursing in the neurovascular plane between 
the internal oblique and the transversus abdominis. B. Sagittal seetion through the rectus sheath of the anterior abdominal wall. 


indieated by grooves in the skin betvveen the mnsenlar bnlges, 
nsnally oeenr at the level of the xiphoid proeess, nmbiliens, 
and halfvvay betvveen these strnetnres. 

PYRAMIDALIS 

The pyramidalis is a small, insignifìeant triangnlar mnsele 
that is absent in approximately 20% of people. It lies anterior 
to the inferior part of the reetns abdominis and attaehes to 
the anterior snrfaee of the pnbis and the anterior pnbie liga- 
ment. It ends in the linea alba, vvhieh is espeeially thiekened 
for a variable distanee snperior to the pnbie symphysis. The 
pyramidalis tenses the linea alba. When present, snrgeons 
nse the attaehment of the pyramidalis to the linea alba as a 
landmark for median abdominal ineision (Skandalakis et ak, 

2009). 


RECTUS SHEATH, LINEA ALBA, AND 
UMBILICAL RING 

The rectus sheath is the strong, ineomplete fìbrons eom- 
partment of the reetns abdominis and pyramidalis mnseles 
(Figs. 2.7-2.9). Also fonnd in the reetns sheath are the snperior 
and inferior epigastrie arteries and veins, lymphatie vessels, 
and distal portions of the thoraeo-abdominal nerves (abdomi- 
nal portions of the anterior rami of spinal nerves T7-T12). 

The reetns sheath is formed by the deenssation and inter- 
vveaving of the aponenroses of the fìat abdominal mnseles 
(Fig. 2.6B). The external oblique aponenrosis eontribntes to 
the anterior vvall of the sheath thronghont its length. The 
snperior tvvo thirds of the internal oblique aponenrosis splits 
into tvvo layers (laminae) at the lateral border of the reetns 
abdominis; one lamina passing anterior to the mnsele and the 


































Chapter2 Abdomen 


193 


other passing posterior to it. The anterior lamina joins the 
aponenrosis of the external oblique to form the anterior layer 
of the reetns sheath. The posterior lamina joins the aponen- 
rosis of the transversns abdominis to form the posterior layer 
of the reetns sheath. 

Beginning approximately one third of the distanee from 
the nmbiliens to the pnbie erest, the aponenroses of the three 
flat mnseles pass anterior to the reetns abdominis to form 
the anterior layer of the reetns sheath, leaving only the rela- 
tively thin transversalis faseia to eover the reetns abdominis 
posteriorly. A ereseentie arcuate line (Fig. 2.9) demareates 
the transition between the aponenrotie posterior wall of the 
sheath eovering the snperior three quarters of the reetns 
and the transversalis faseia eovering the inferior quarter. 
Thronghont the length of the sheath, the flbers of the ante- 
rior and posterior layers of the sheath interlaee in the ante- 
rior median line to form the eomplex linea alha. 

The posterior layer of the reetns sheath is also defleient 
snperior to the eostal margin beeanse the transversns abdom- 
inis is eontinned snperiorly as the transversns thoraeis, which 
lies internal to the eostal eartilages (see Fig. 1.14, p. 89), and 
the internal oblique attaehes to the eostal margin. Henee, 
snperior to the eostal margin, the reetns abdominis lies 
direetly on the thoraeie wall (Fig. 2.9B). 

The linea alba, rnnning vertieally the length of the anterior 
abdominal wall and separating the bilateral reetns sheaths 
(Fig. 2.7A), narrows inferior to the nmbiliens to the width 
of the pnbie symphysis and widens snperiorly to the width 
of the xiphoid proeess. The linea alba transmits small vessels 
and nerves to the skin. In thin mnsenlar people, a groove 
is visible in the skin overlying the linea alba. At its middle, 
nnderlying the nmbiliens, the linea alba eontains the umbili- 
cal ring, a defeet in the linea alba throngh which the fetal 
nmbilieal vessels passed to and from the nmbilieal eord and 
plaeenta. All layers of the anterolateral abdominal wall fnse 
at the nmbiliens. As fat aeenmnlates in the snbentaneons tis- 
sne postnatally, the skin beeomes raised aronnd the nmbilieal 
ring and the nmbiliens beeomes depressed. This oeenrs 7-14 
days after birth, when the atrophie nmbilieal eord “falls off.” 

FUNCTIONS AND AGTIONS OF ANTEROLATERAL 
ABDOMINAL MUSCLES 

The mnseles of the anterolateral abdominal wall: 

• Form a strong expandable snpport for the anterolateral 
abdominal wall. 

• Snpport the abdominal viseera and proteet them from 
most injnries. 

• Gompress the abdominal eontents to maintain or inerease 
the intra-abdominal pressnre and, in so doing, oppose the 
diaphragm (inereased intra-abdominal pressnre faeilitates 
expulsion). 

• Move the trnnk and help to maintain postnre. 

The oblique and transverse mnseles, aeting together bilater- 
ally, form a mnsenlar girdle that exerts flrm pressnre on the 


abdominal viseera. The reetns abdominis partieipates little, 
if at all, in this aetion. Gompressing the abdominal viseera 
and inereasing intra-abdominal pressnre elevates the relaxed 
diaphragm to expel air dnring respiration, and more foreibly 
for eonghing, sneezing, nose blowing, volnntary ernetation 
(bnrping), and yelling or sereaming. When the diaphragm 
eontraets dnring inspiration, the anterolateral abdominal 
wall expands as its mnseles relax to make room for the organs, 
sneh as the liver, that are pnshed inferiorly. The eombined 
aetions of the anterolateral mnseles also prodnee the foree 
required for defeeation (diseharge of feees), mietnrition 
(nrination), vomiting, and partnrition (ehildbirth). Inereased 
intra-abdominal (and intrathoraeie) pressnre is also involved 
in heavy lifting, the resnlting foree sometimes prodneing a 
hernia. 

The anterolateral abdominal mnseles are also involved in 
movements of the trnnk at the Inmbar vertebrae and in eon- 
trolling the tilt of the pelvis when standing for maintenanee of 
postnre (resisting Inmbar lordosis). Consequently, strength- 
ening the anterolateral abdominal wall mnsenlatnre improves 
standing and sitting postnre. The reetns abdominis is a 
powerful flexor of the thoraeie and espeeially Inmbar regions 
of the vertebral eolnmn, pnlling the anterior eostal margin 
and pnbie erest toward eaeh other. The oblique abdominal 
mnseles also assist in movements of the trunk, espeeially lat- 
eral flexion and rotation of the Inmbar and lower thoraeie ver- 
tebral eolnmn. The transversns abdominis probably has no 
appreeiable effeet on the vertebral eolnmn (Standring, 2008). 

Neurovasculature of Anterolateral 
Abdomìnal Wall 

DERMATOMES OF ANTEROLATERAL 
ABDOMINAL WALL 

The map of dermatomes of the anterolateral abdominal wall 
is almost identieal to the map of peripheral nerve distribntion 
(Fig. 2.10). This is beeanse the anterior rami of spinal nerves 
T7-T12, which snpply most of the abdominal wall, do not par- 
tieipate in plexus formation. The exception occurs at the L1 
level, where the L1 anterior ramus bihireates into two named 
peripheral nerves. Eaeh dermatome begins posteriorly over- 
lying the intervertebral foramen by which the spinal nerve 
exits the vertebral eolnmn and follows the slope of the ribs 
aronnd the trunk. Dermatome TIO inelndes the umbilicus, 
whereas dermatome L1 includes the inguinal fold. 

NERVES OF ANTEROLATERAL ABDOMINAL WALL 

The skin and mnseles of the anterolateral abdominal wall are 
snpplied mainly by the following nerves (Fig. 2.9A and 2.10; 
Table 2.3): 

• Thoraeo-abdominal nerves; these are the distal, 
abdominal parts of the anterior rami of the inferior six tho- 
raeie spinal nerves (T7-T11); they are the former inferior 
intereostal nerves distal to the eostal margin. 


194 


ehapter 2 Abdomen 


Anterior view 



Xiphoid proeess 


Anterior 

cutaneous 

branehes 


Thoraeo-abdominai 
nerves (T7-T11) 


Lateral 

cutaneous 

branehes 

J 


Lateral cutaneous braneh 

of subcostai nerve (T12) 

Anterior cutaneous braneh 

of subcostai nerve (T12) 

Anterior superior iliae spine (ASIS) 

liiohypogastrie nerve (L1) 
Iiio-inguinai nerve (L1) 

Inguinal ligament 


FIGIJRE 2.10. Dermatomes and nerves of anterolateral abdomìnal wall. 


TABLE 2.3. NERVES OF ANTEROLATERAL ABDOMINAL WALL 


Nerves 

Origin 

Course 

Distribution 

Thoraeo-abdominal 

(T7-T11) 

Continuation of lower 
(7th-llth) intereostal 
nerves distal to eostal 
margin 

Run between seeond and third layers of abdominal 
muscles; branehes enter subcutaneous tissue as 
lateral cutaneous branehes of TlO-Tll (in anterior 
axillary line) and anterior cutaneous branehes of 
T7-T11 (parasternal line) 

Muscles of anterolateral abdomi- 
nal wall and overlying skin 

7th-9th lat- 
eral cutaneous 
branehes 

7th-9th intereostal nerves 
(anterior rami of spinal 
nerves T7-T9) 

Anterior divisions continue aeross eostal margin in 
subcutaneous tissue 

Skin of rightand left hypoehon- 
driae regions 

Subcostal (anterior 
ramus of T12) 

Spinal nerve T12 

Runs along inferior border of 12th rib; then passes 
onto subumbilical abdominal wall between seeond 
and third layers of abdominal muscles 

Muscles of anterolateral abdomi- 
nal wall (including most inferior 
slip of external oblique) and over- 
lying skin, superiorto iliae erest 
and inferiorto umbilicus 

lliohypogastrie (Ll) 

As superior terminal 
braneh of anterior ramus 
of spinal nerve L1 

Pierees transversus abdominis muscle to course 
between seeond and third layers of abdominal mus- 
eles; branehes pieree external oblique aponeuroses 
of most inferior abdominal wall 

Skin overlying iliae erest, upper 
inguinal, and hypogastrie 
regions; internal oblique and 
transversus abdominis muscles 

Ilio-inguinal (Ll) 

As inferior terminal 
braneh of anterior ramus 
of spinal nerve L1 

Passes between seeond and third layers of abdomi- 
nal muscles; then traverses inguinal eanal 

Skin of lower inguinal region, mons 
pubis, anteriorscrotum orlabium 
majus, and adjaeent medial thigh; 
inferiormostinternal oblique and 
transversus abdominis 


• Lateral (thoraeie) cutaneous branehes; of the thoraeie 
spinal nerves T7-T9 or TIO. 

• Snbeostal nerve; the large anterior ramns of spinal nerve 

T12. 

• lliohypogastrie and ilio-inguinal nerves; terminal 
branehes of the anterior ramns of spinal nerve Ll. 


The thoraeo-ahdominal nerves pass inferoanteriorly from 
the intereostal spaees and rnn in the nenrovasenlar plane 
between the internal oblique and the transversns abdomi- 
nis mnseles to snpply the abdominal skin and mnseles. The 
lateral cutaneous hranehes emerge from the mnsenlatnre 
of the anterolateral wall to enter the snbentaneons tissne 
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along the anterior axillary line (as anterior and posterior divi- 
sions), whereas the anterior abdominal entaneons branehes 
pieree the reetns sheath to enter the snbentaneons tissne a 
short distanee from the median plane. Anterior ahdomìnal 
entaneons hranehes ofthoraeo-ahdominal nerves (Fig. 2.10; 
Table 2.3): 

• T7-T9 snpply the skin snperior to the nmbiliens. 

• TIO snpplies the skin aronnd the nmbiliens. 

• Tll, plns the entaneons branehes of the snbeostal (T12), 
iliohypogastrie, and ilio-ingninal (Ll), snpply the skin 
inferior to the nmbiliens. 

Dnring their eonrse throngh the anterolateral abdominal 
wall, the thoraeo-abdominal, snbeostal, and iliohypogastrie 
nerves eommnnieate with eaeh other. 

VESSELS OF ANTEROLATERAL ABDOMINAL WALL 

The skin and snbentaneons tissne of the abdominal wall are 
served by an intrieate snbentaneons venons plexus, draining 
snperiorly to the internal thoraeie vein medially and the lat- 
eral thoraeie vein laterally and inferiorly to the snperfieial 
and inferior epigastrie veins, tribntaries of the femoral and 
external iliae veins, respeetively (Fig. 2.11). Gntaneons veins 
snrronnding the nmbiliens anastomose with para-umhilieal 
veins, small tribntaries of the hepatie portal vein that parallel 
the ohliterated nmhilieal vein (ronnd ligament of the liver). 
A relatively direet lateral snperfieial anastomotie ehannel, the 
thoraeo-epigastrie vein, may exist or develop (as a resnlt of 
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FIGIJRE 2.11. Lymphaties and superficial veins of anterolateral 
abdominal wall. 


altered venons fiow) between the snperfeial epigastrie vein 
(a femoral vein tribntary) and the lateral thoraeie vein (an 
axillary vein tribntary). The deeper veins of the anterolateral 
abdominal wall aeeompany the arteries, bearing the same 
name. A deeper, medial venons anastomosis may exist or 
develop between the inferior epigastrie vein (an external iliae 
vein tribntary) and the snperior epigastrie/internal thoraeie 
veins (snbelavian vein tribntaries). The snperfieial and deep 
anastomoses may afford eollateral eirenlation dnring bloek- 
age of either vena eava. 

The primary blood vessels (arteries and veins) of the 
anterolateral abdominal wall are the 

• Snperior epigastrie vessels and branehes of the museulo- 
phrenie vessels from the internal thoraeie vessels. 

• Inferior epigastrie and deep eireumflex iliae vessels from 
the external iliae vessels. 

• Superfieial eireumflex iliae and superficial epigastrie ves- 
sels from the femoral artery and greater saphenons vein, 
respeetively. 

• Posterior intereostal vessels of the llth intereostal spaee 
and the anterior branehes of snheostal vessels. 

The arterial supply to the anterolateral ahdominal loall is 
demonstrated in Fignre 2.12 and snmmarized in Table 2.4. 
The distribntion of the deep abdominal blood vessels refieets 
the arrangement of the mnseles: The vessels of the anterolat- 
eral abdominal wall have an oblique, eirenmferential pattern 
(similar to the intereostal vessels; Fig. 2.11), whereas the ves- 
sels of the eentral anterior abdominal wall are oriented more 
vertieally. 

The superior epigastrie artery is the direet eontinn- 
ation of the internal thoraeie artery. It enters the reetns 
sheath snperiorly throngh its posterior layer and snpplies the 
snperior part of the reetns abdominis and anastomoses with 
the inferior epigastrie artery approximately in the nmbilieal 

region (see Fig. 2.9, Table 2.4) 

The inferior epigastrie artery arises from the exter- 
nal iliae artery jnst snperior to the ingninal ligament. It 
rnns snperiorly in the transversalis faseia to enter the ree- 
tns sheath below the arenate line. It enters the lower ree- 
tns abdominis and anastomoses with the snperior epigastrie 
artery (Fig. 2.9). 

Lymphatie drainage of the anterolateral ahdominal tvall 
follows the following patterns (Fig. 2.11): 

• Snperfieial lymphatie vessels aeeompany the snbentane- 
ons veins; those snperior to the transnmbilieal plane drain 
mainly to the axillary lymph nodes; however, a few 
drain to the parasternal lymph nodes. Snperfieial lym- 
phatie vessels inferior to the transnmbilieal plane drain to 
the snperfieial ingninal lymph nodes. 

• Deep lymphatie vessels aeeompany the deep veins of the 
abdominal wall and drain to the external iliae, eommon iliae, 
and right and left lumhar {eaval and aortie) lymph nodes. 

For an overview of snperfieial and deep lymphatie drainage, 
see the introdnetion to Glinieally Oriented Anatomy. 
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FIGIJRE 2.12. Arterìes of anterolateral abdomìnal wall. 


TABLE 2.4. ARTERIES OF ANTEROLATERAL ABDOMINAL WALL 


Artery 

Origin | Course 

Distribution 

Musculophrenic 

Internal thoraeie artery 

Deseends along eostal margin 

Superficial and deep abdominal wall 
of hypoehondriae region; anterolateral 
diaphragm 

Superior epigastrie 

Deseends in rectus sheath deep to rectus 
abdominis 

Rectus abdominis muscle; superficial 
and deep abdominal wall of epigastrie 
and upper umbilical regions 

lOth and llth posterior 
intereostal arteries 

Aorta 

Arteries continue beyond ribs to deseend 
in abdominal wall between internal oblique 
and transversus abdominis muscles 

Superficial and deep abdominal wall of 
lateral (lumbar orflank) region 

Subcostal artery 

Inferior epigastrie 

External iliae artery 

Runs superiorly and enters rectus sheath; 
runs deep to rectus abdominis 

Rectus abdominis muscle; deep 
abdominal wall of pubic and inferior 
umbilical regions 

Deep circuniflex iliae 

Runs on deep aspeetof anterior abdominal 
wall, parallel to inguinal ligament 

Iliacus muscle and deep abdominal 
wall of inguinal region; iliae fossa 

Superficial circuniflex 
iliae 

Femoral artery 

Runs in subcutaneous tissue along inguinal 
ligament 

Superficial abdominal wall of inguinal 
region and adjaeentanterior thigh 

Superficial epigastrie 

Runs in subcutaneous tissue toward 
umbilicus 

Superficial abdominal wall of pubic 
and inferior umbilic regions 
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FASeiA AND MUSCLES 
OF ANTEROLATERAL 
ABDOMINAL WALL 


eiinìeal Signifieanee of Faseia and 
Faseial Spaees of Abdominal Wall 


Liposnetion is a surgical method for removing 
unwanted snbentaneons fat using a perentaneonsly 
plaeed suction tube and high vaennm pressnre. The 
tnbes are inserted snbdermally throngh small skin ineisions. 

When elosing abdominal skin ineisions inferior to the 
nmbiliens, snrgeons inelude the membranous layer of sub- 
cutaneous tissne when suturing beeanse of its strength. 
Between this layer and the deep faseia eovering the rectus 
abdominis and external oblique mnseles is a potential spaee 
where flnid may aeenmnlate (e.g., nrine from a ruptured 
nrethra). Although there are no barriers (other than grav- 
ity) to prevent flnid from spreading snperiorly from this 
spaee, it eannot spread inferiorly into the thigh because the 
deep membranons layer of subeutaneous tissue fnses with 
the deep faseia of the thigh {faseia lata) along a line approxi- 
mately 2.5 em inferior and parallel to the ingninal ligament. 

The endoabdominal faseia is of speeial importanee in snr- 
gery. It provides a plane that ean be opened, enabling the 
snrgeon to approaeh struetures on or in the anterior aspeet 
of the posterior abdominal wall, sneh as the kidneys or bodies 
of Inmbar vertebrae, without entering the membranous peri- 
toneal sae eontaining the abdominal viseera. Thns, the risk 
of eontamination is minimized. An anterolateral part of this 
potential spaee between the transversalis faseia and the pari- 
etal peritonenm {spaee ofBogros) is used for plaeing prosthe- 
ses (Gore-Tex mesh, for example) when repairing ingninal 
hernias (Skandalakis et al., 1996) (see Fig. 2.15A & B). 


Protuberance of Abdomen 



A prominent abdomen is normal in infants and yonng 
ehildren beeanse their gastrointestinal traets eontain 
eonsiderable amonnts of air. In addition, their antero- 
lateral abdominal eavities are enlarging and their abdominal 
mnseles are gaining strength. An infant’s and yonng ehild’s 
relatively large liver also aeeonnts for some bnlging. 

Abdominal mnseles proteet and snpport the viseera most 
effeetively when they are well toned; thns the well-conditioned 
adnlt of normal weight has a flat or seaphoid (lit. boat shaped; 
i.e., hollowed or eoneave) abdomen when in the snpine position. 

The six eommon eanses of ahdominal protmsion begin with 
the letter F: food, flnid, fat, feees, flatns, and fetns. Eversion of 
the nmbiliens may be a sign of inereased intra-abdominal pres- 
snre, nsnally resnlting from aseites (abnormal aeenmnlation 
of serons flnid in the peritoneal eavity), or a large mass (e.g., a 
tnmor, a fetns, or an enlarged organ sneh as the liver). 


Exeess fat aeenmnlation owing to overnourishment most 
eommonly involves the subeutaneous fatty layer; however, 
there may also be excessive depositions of extraperitoneal fat 
in some types of obesity. 

Tnmors and organomegaly (organ enlargement sueh as 
splenomegaly—enlargement of the spleen) also prodnee 
abdominal enlargement. When the anterior abdominal mns- 
eles are nnderdeveloped or beeome atrophie, as a resnlt of 
old age or insnffleient exereise, they provide insnffieient tonns 
to resist the inereased weight of a protnberant abdomen on 
the anterior pelvis. The pelvis tilts anteriorly at the hip joints 
when standing (the pnbis deseends and the saernm aseends) 
prodneing excessive lordosis (sway baek) of the Inmbar region. 


Abdomìnal Hernias 



The anterolateral abdominal wall may be the site of 
ahdominal hemias. Most hemias oeeur in the ingninal, 
nmbilieal, and epigastrie regions (see the blne box 
'Tngninal Hemias,” p. 212). JJmhilieal hemias are eommon in 
neonates beeanse the anterior abdominal wall is relatively weak 
in the nmbilieal ring, espeeially in low-birth-weight infants. 
IJmbilieal hemias are usually small and result from inereased 
intra-abdominal pressure in the presenee of weakness and 
ineomplete elosnre of the anterior abdominal waU after ligation 
of the nmbilieal eord at birth. Hemiation oecurs through the 
nmbilieal ring. Aegnired nmhilieal hemias oeenr most eom- 
monly in women and obese people. Extraperitoneal fat and/or 
peritoneum protmde into the hemial sae. The lines along which 
the fibers of the abdominal aponeuroses interlaee are also poten- 
tial sites of herniation (see Fig. 2.6B). Oeeasionally, gaps exist 
where these fiber exehanges oceur—for example, in the midline 
or in the transition from aponenrosis to reetns sheath. These 
gaps may be eongenital, the result of the stresses of obesity and 
aging, or the consequence of snrgieal or traumatic wounds. 

An epigastrie hemia, a hernia in the epigastrie region throngh 
the linea alba, oeenrs in the midline between the xiphoid pro- 
eess and the nmbiliens. Spigelian hemias are those oeenrring 
along the semilnnar lines (see Table 2.1B). These types of her- 
nia tend to oeeur in people older than 40 years and are nsnally 
assoeiated with obesity. The hemial sae, eomposed of perito- 
neum, is eovered with only skin and fatty subcutaneous tissne. 


NEUROVASCULATURE 
OF ANTEROLATERAL 
ABDOMINAL WALL 


Palpatìon of Anterolateral 
Abdomìnal Wall 



Warm hands are important when palpating the 
abdominal wall beeanse eold hands make the 
anterolateral abdominal mnseles tense, prodneing 
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involuntary spasms of the mnseles, known as gnarding. 
Intense gnarding, board-like reflexive mnsenlar rigidity that 
eannot be willfully snppressed, oeenrs dnring palpation when 
an organ (sneh as the appendix) is inflamed and in itself eon- 
stitntes a elinieally signifleant sign of aente ahdomen. The 
involnntary mnsenlar spasms attempt to proteet the viseera 
from pressnre, whieh is painfnl when an abdominal infeetion 
is present. The eommon nerve snpply of the skin and mnseles 
of the wall explains why these spasms oeenr. 

Palpation of abdominal viseera is performed with the 
patient in the snpine position with thighs and knees semi- 
flexed to enable adequate relaxation of the anterolateral 
abdominal wall. Othenvise, the deep faseia of the thighs 
pulls on the membranons layer of abdominal subcutane- 
ous tissue, tensing the abdominal wall. Some people tend 
to plaee their hands behind their heads when lying snpine, 
which also tightens the mnseles and makes the examination 
difflenlt. Plaeing the upper limbs at the sides and pntting a 
pillow under the person s knees tends to relax the anterolat- 
eral abdominal mnseles. 



Superficial Abdominal Reflexes 

The abdominal wall is the only proteetion most of 
the abdominal organs have. Consequently, the wall 
will reaet if an organ is diseased or injnred. With the 
person snpine and the mnseles relaxed, the snperjìeial 
ahdominal reflex is elieited by quickly stroking horizontally, 
lateral to medial, toward the umbilicus. Usually, eontraetion 
of the abdominal mnseles is felt; this reflex may not be 
observed in obese people. Similarly, any injnry to the abdom- 
inal skin resnlts in a rapid reflex eontraetion of the abdominal 
mnseles. 


Injury to Nerves of Anterolateral 
Abdomìnal Wall 

The inferior thoraeie spinal nerves (T7-T12) and the 
iliohypogastrie and ilio-inguinal nerves (Ll) 
approaeh the abdominal musculature separately to 
provide the multi-segmental innervation of the abdominal 
mnseles. Thus, they are distributed aeross the anterolateral 
abdominal wall, where they run oblique but mostly horizontal 
eonrses. They are snseeptible to injnry in snrgieal ineisions or 
from tranma at any level of the abdominal wall. Injnry to 
nerves of the anterolateral ahdominal loall may resnlt in weak- 
ening of the mnseles. In the ingmnal region, such a weakness 
may predispose an individnal to development of an ingninal 
hernia (see the blue box 'Tngmnal Hernias” on p. 212). 

Abdominal Surgical ineisions 

Snrgeons use various ahdominal snrgieal ineisions to 
gain aeeess to the abdominal eavity. When possible, 
the ineisions follow the eleavage lines (Langer lines) 




in the skin (see introdnetion for disenssion of these lines). The 
ineision that allows adequate exposure, and seeondarily, the 
best possible eosmetie effeet, is ehosen. The loeation of the 
ineision also depends on the type of operation, the loeation of 
the organ(s) the snrgeon wants to reaeh, bony or eartilaginons 
bonndaries, avoidanee of (espeeially motor) nerves, mainte- 
nanee of blood snpply, and minimizing injnry to mnseles and 
faseia of the abdominal wall while aiming for favorable healing. 
Thus, before making an ineision, the snrgeon eonsiders the 
direetion of the mnsele flbers and the loeation of the aponenro- 
ses and nerves. Consequently, a variety of ineisions are rou- 
tinely used, eaeh having speeifle advantages and limitations. 

Instead of transeeting mnseles, eansing irreversible neero- 
sis (death) of mnsele flbers, the snrgeon splits them in the 
direetion of (and between) their flbers. The reetns abdomi- 
nis is an exception; it ean be transeeted beeanse its mnsele 
flbers run short distanees between tendinons interseetions, 
and the segmental nerves snpplying it enter the lateral part of 
the reetns sheath where they ean be loeated and preserved. 
Generally, ineisions are made in the part of the anterolateral 
abdominal wall that gives the freest aeeess to the targeted 
organ with the least distnrbanee to the nerve snpply to the 
mnseles. Mnseles and viseera are retraeted toward, not away 
from, their neurovascular supply. 

Cutting a motor nerve paralyzes the mnsele flbers sup- 
plied by it, thereby weakening the anterolateral abdominal 
wall. However, beeanse of overlapping areas of innervation 
between nerves, one or two small branehes of nerves may 
usually be cut without a notieeable loss of motor snpply to 
the mnseles or loss of sensation to the skin. 

LONGITUDINAL INdSIONS 

Longitndinal ineisions, such as median and paramedian inei- 
sions (Fig. B2.1), are preferred for exploratory operations 
beeanse they offer good exposure of and aeeess to the viseera, 
and ean be extended as neeessary with minimal eomplieation. 

Median or midline ineisions ean be made rapidly without 
cutting mnsele, major blood vessels, or nerves. Median inei- 
sions ean be made along any part or the length of the linea 
alba from the xiphoid proeess to pubic symphysis. Because 
the linea alba transmits only small vessels and nerves to the 
skin, a midline ineision is relatively bloodless, and avoids 
major nerves; however, ineisions in some people may reveal 
abnndant and well-vascularized fat. Gonversely, beeanse of 
its relatively poor blood snpply, the linea alba may nndergo 
neerosis and subsequent degeneration after ineision if its 
edges are not aligned properly dnring elosnre. 

Paramedian ineisions (lateral to the median plane) are 
made in a sagittal plane and may extend from the eostal mar- 
gin to the pubic hairline. After the ineision passes throngh 
the anterior layer of the reetns sheath, the mnsele is freed 
and retraeted laterally to prevent tension and injnry to the 
vessels and nerves. The posterior layer of the reetns sheath 
and the peritonenm are then ineised to enter the peritoneal 


ehapter 2 Abdomen 


199 


McBurney 

point 



Median or midline ineision 

Left paramedian ineision 

Gridiron (muscle-splitting) ineision 
(traditional McBurney ineision) 

Transverse (abdominal) ineision 
Suprapubic (Pfannenstiel) ineision 

Subcostal ineision 


FIGUREB2.1. 


OBLIQUE AND TRANSVERSE INdSIONS 

The direetion of ohlìque and transverse ineisions is 
related to mnsele fiber orientation, nearby hard tissne 
(eostal margin or iliae or pnbie erest), or minimizing 
potential nerve damage. Gridiron {mnsele-splitting) inei- 
sions are often nsed for an appendeetomy. The oblique 
MeBnrney ineision is made at the MeBnrney point, 
approKÌmately 2.5 em snperomedial to the ASIS on the 
spino-umhilieal line. The external oblique aponenrosis is 
ineised inferomedially in the direetion of its fibers and 
retraeted. The mnsenloaponenrotie fibers of the inter- 
nal oblique and transversns abdominis are then split in 
the line of their fibers and retraeted. The iliohypogastrie 
nerve, rnnning deep to the internal oblique, is identi- 
fied and preserved. Garefnlly made, the entire exposure 
ents no mnsenlo-aponenrotie fibers; therefore, when the 
ineision is elosed, the mnsele fibers move together and 
the abdominal wall is as strong after the operation as it 
was before. 

Suprapuhic (Pfannenstiel) ineisions (“bikini” ineisions) 
are made at the pnbie hairline. These ineisions—horizon- 
tal with a slight eonvexity—are nsed for most gyneeologi- 
eal and obstetrieal operations (e.g., for eesarean seetion). 
The linea alba and anterior layers of the reetns sheaths are 
transeeted and reseeted snperiorly, and the reetns mnseles 
are retraeted laterally or divided throngh their tendinons 
parts allowing reattaehment without mnsele fiber injnry. 


The iliohypogastrie and ilio-ingninal nerves are identified 
and preserved. 

Transverse ineisions throngh the anterior layer of the 
reetns sheath and reetns abdominis provide good aeeess 
and eanse the least possible damage to the nerve snp- 
ply of the reetns abdominis. This mnsele may be divided 
transversely without serions damage beeanse a new trans- 
verse band forms when the mnsele segments are rejoined. 
Transverse ineisions are not made throngh the tendinons 
interseetions beeanse entaneons nerves and branehes of 
the snperior epigastrie vessels pieree these fibrons regions 
of the mnsele. Transverse ineisions ean be inereased lat- 
erally as needed to inerease exposure bnt are not ntilized 
for exploratory proeednres beeanse snperior and inferior 
extension is diffienlt. 

Snheostal ineisions provide aeeess to the gallbladder and 
biliary dnets on the right side and the spleen on the left. The 
ineision is made parallel bnt at least 2.5 em inferior to the 
eostal margin to avoid the 7th and 8th thoraeie spinal nerves 

(Table 2.3). 

HIGH-RISK INdSIONS 

High-risk ineisions inelnde parareetns and ingninal ineisions. 
Parareetns ineisions along the lateral border of the reetns 
sheath are nndesirable beeanse they may ent the nerve snp- 
ply to the reetns abdominis. Ingninal ineisions for repairing 
hernias may injnre the ilio-ingninal nerve. 

INdSIONAL HERNIA 

An ineisional hernia is a protmsion of omentnm (a fold of peri- 
tonenm) or an organ throngh a snrgieal ineision. If the mnsen- 
lar and aponenrotie layers of the abdomen do not heal properly, 
an ineisional hemia ean resnlt. 

MINIMALLY INVASIVE (ENDOSCOPIC) SDRGERY 

Many abdominopelvie snrgieal proeednres (e.g., removal 
of the gallbladder) are now performed nsing an endoseope, 
in whieh tiny perforations of the abdominal wall allow 
the entry of remotely operated instrnments, replaeing 
the larger eonventional ineisions. Thns, the potential for 
nerve injnry, ineisional hernia, or eontamination throngh 
the open wound and the time required for healing are 
minimized. 


Reversal of Venous Flow 
and Gollateral Pathways 
of Superficìal Abdominal Veìns 



When fiow in the snperior or inferior vena eava is 
obstrneted, anastomoses between the tribntaries of 
these systemie veins, sneh as the thoraeo-epigastrie 
vein, may provide eollateral pathways by whieh the obstrnetion 
may be bypassed, allowing blood to retnrn to the heart 

(Fig. B2.2). 
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FIGURE B2.2. 


The Bottom Lìne 

FASeiA, MUSCLES, AND NEUROVASCULATURE OF ANTEROLATERAL ABDOMINAL WALL 


Faseìa: The faseia of the anterolateral abdominal wall eon- 
sists of subcutaneous (superficial), investing (deep), and endo- 
abdominal portions. ♦ The subcutaneous layer is modified 
inferior to the umbilicus to include a superficial fatty layer and 
a deep membranous layer. ♦ The superficial fatty layer is spe- 
eialized here, particularly in males, for lipid storage, whereas 
the deep membranous layer is sufìficiently eomplete to eom- 
partmentalize extravasated fìuids (blood or urine) and allow 
plaeement of sutures during surgery. ♦ The investing layer is 
typieal ofdeep faseias ensheathing voluntary muscles, and 
here refìeets the trilaminar arrangement of the fìat abdominal 
muscles and their aponeuroses. ♦ The endoabdominal faseia 
is of particular importanee in surgery, enabling the establish- 
ment of an extraperitoneal spaee that allows anterior aeeess to 
retroperitoneal structures (e.g., kidneys, ureters, and bodies of 
lumbar vertebra) without entering the peritoneal eavity. 

Muscles: The anterolateral abdominal muscles eonsist 
of eoneentrie, fìat muscles loeated anterolaterally and vertieal 
muscles plaeed anteriorly adjaeent to the midline. ♦ Atrilami- 
nar arrangement of the fìat muscles, like that in the thorax, 
also occurs here; however, other than their innervation by mul- 
tiple but separate segmental nerves, the metamerism (segmen- 
tation) eharaeteristie of the thoraeie intereostal musculature is 
not apparent in the abdomen. ♦ The fìeshy portions of the fìat 
muscles beeome aponeurotic anteriorly. The fibers of the apo- 
neuroses interlaee in the midline, forming the linea alba, and 
continue into the aponeuroses of the eontralateral muscles. 

♦ The aponeurotic fibers of the external obliques are also 
continuous aeross the midline with those of the eontralateral 


internal oblique muscles. ♦ Three layers of fìat, bilateral digas- 
trie muscles eneirele the trunk, forming oblique and transverse 
girdles that enelose the abdominal eavity. ♦ In the upper two 
thirds of the abdominal wall, the aponeurotic layers separate 
on eaeh side of the linea alba to form longitudinal sheaths that 
eontain the rectus muscles. This brings them into a fijnetional 
relationship with the fìat muscles in which the vertieal muscles 
braee the girdles anteriorly. ♦ In the lowerthird ofthe ante- 
rior abdominal wall, the aponeuroses of all three layers of fìat 
muscles pass anteriorto the rectus muscles (reeti). ♦ As fìexors 
of the trunk, the reeti are the antagonistie partners of the deep 
(extensor) muscles of the baek. Balanee in the development 
and tonus of these partners affeets posture (and thus weak- 
ness of the abdominal muscles may result in excessive lumbar 
lordosis—an abnormally convex curvature ofthe lowerverte- 
bral column). ♦ The speeial arrangements of the anterolateral 
abdominal muscles enable them to provide fìexible eontaining 
walls forthe abdominal eontents, to inerease intra-abdominal 
pressure or deerease abdominal volume for expulsion, and to 
produce anterior and lateral fìexion and torsional (rotatory) 
movements of the trunk. 

Nerves: The anterolateral abdominal muscles reeeive 
multi-segmental innervation via the anterior rami of lower 
thoraeie (T7-T12) and the L1 spinal nerves. ♦ The rami pass 
separately to the muscles as five thoraeo-abdominal nerves 
(T7-T11), a subcostal nerve (T12), and iliohypogastrie and 
ilio-inguinal nerves (L1) that course in a plane between the 
seeond and third layers. ♦ Lateral cutaneous branehes supply 
the overlying abdominal skin lateral to the MCL. ♦ Anterior 
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cutaneous branehes supply skin medial to the MCL ♦ Except 
for L1, the maps ofthe abdominal dermatomes and ofthe 
peripheral nerves are thus identieal. ♦ Landmark dermatomes 
are dermatome T10, which includes the umbilicus, and derma- 
tome L1, which includes the inguinal fold. 

Vessels: ♦ The skin and subcutaneous tissue of the 
abdominal wall drain superiorly (ultimately to the superior 
vena eaval system) via the internal thoraeie vein medially and 
the lateral thoraeievein laterally, and inferiorly (ultimately to 
the inferior vena eaval system) via the superficial and inferior 
epigastrie veins. ♦ Cutaneous veins surrounding the umbilicus 
anastomose with small tributaries of the hepatie portal vein. 

♦ The d istribution ofthe deeper abdominal blood ves- 
sels refleets the arrangement of the muscles: an oblique, 
circumferential pattern (similarto the intereostal vessels above) 


overthe anterolateral abdominal wall and avertieal pattern 
anteriorly. ♦ The circumferential vessels of the anterolateral 
wall are continuations of the 7th-11 th posterior intereostal 
vessels, subcostal vessels, and deep circumflex iliae vessels. 

♦ Vertieal vessels include an anastomosis between the superior 
and the inferior epigastrie vessels within the rectus sheath. 

♦ A superficial anastomotie ehannel, the thoraeo-epigastrie 
vein, and the deeper medial pathway between the inferior and 
the superior epigastrie veins afford eollateral circulation during 
bloekage ofsuperior or inferiorvena eava. ♦ Superficial abdom- 
inal lymphatie vessels superiorto the transumbilical plane drain 
primarily to the axillary lymph nodes; those inferiorto the plane 
drain to the superficial inguinal lymph nodes. ♦ Deep lymphatie 
vessels aeeompany deep veins of the abdominal wall to the iliae 
and right and left lumbar (eaval and aortie) lymph nodes. 


Internal Snrfaee of Anterolateral 
Abdominal Wall 

The internal (posterior) snrfaee of the anterolateral abdomi- 
nal wall is eovered with transversalis faseia, a variable amonnt 
of extraperitoneal fat, and parietal peritonenm (Fig. 2.13). 


The infranmbilieal part of this snrfaee exhibits five nmhìlieal 
peritoneal folds passing toward the nmbiliens, one in the 
median plane and two on eaeh side: 


The median nmbilieal fold extends from the apex of the 
nrinary bladder to the nmbiliens and eovers the median 
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FIGIJRE 2.13. Posterior aspeet of anterolateral abdominal wall of a male. The peritoneal ligaments, folds, and fossae are the main features ofthis aspeet. 
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umbilical ligament, a fibrous remnant of the urachus 
that joined the apex of the fetal bladder to the umbilieus. 

• Two medial nmbilieal folds, lateral to the median 
nmbilieal fold, eover the medial nmbilieal ligaments, 
formed by occluded parts of the umhilìcal arteries. 

• Two lateral nmbilieal folds, lateral to the medial umbil- 
ieal folds, eover the inferior epigastrie vessels and there- 
fore bleed if cut. 

The depressions lateral to the nmbilieal folds are the perito- 
nealfossae, eaeh of which is a potential site for a hernia. The 
loeation of a hernia in one of these fossae determines how the 
hernia is elassified. The shallow fossae between the nmbilieal 
folds are the: 

• Snpravesieal fossae between the median and the medial 
nmbilieal folds, formed as the peritonenm refieets from 
the anterior abdominal wall onto the bladder. The level 
of the snpravesieal fossae rises and falls with filling and 
emptying of the bladder. 

• Medial ingninal fossae between the medial and the lat- 
eral nmbilieal folds, areas also eommonly ealled ingninal 
triangles (Hesselbaeh triangles), which are potential sites 
for the less eommon direet inguinal hernias. 

• Lateral ingninal fossae, lateral to the lateral nmbilieal 
folds, inelnde the deep ingninal rings and are potential 
sites for the most eommon type of hernia in the lower 
abdominal wall, the indireet ingainal hernia (see elinieal 
eorrelation [blue] box 'Tngmnal Hernias,” on p. 212). 

The supra-umbilical part of the internal snrfaee of the ante- 
rior abdominal wall has a sagittally oriented peritoneal refiee- 
tion, the faleiform ligament, that extends between the 


snperior anterior abdominal wall and the liver. It eneloses 
the round ligament of the liver (L. ligamentnm teres hepatis) 
and para-umhilieal veins in its inferior free edge. The round 
ligament is a fibrons remnant of the nmhilieal vein, which 
passed from the umbilicus to the liver prenatally (Fig. 2.13). 

Inguinal Region 

The ingninal region (groin) extends between the ASIS and 
pubic tubercle. It is an important area anatomieally and elini- 
eally: anatomieally beeanse it is a region where structures exit 
and enter the abdominal eavity, and elinieally beeanse the 
pathways of exit and entranee are potential sites of hernia- 
tion. 

Althongh the testis is loeated in the perinenm postnatally, 
the male gonad originally forms in the abdomen. Its relo- 
eation out of the abdomen into the perinenm throngh the 
ingninal eanal aeeonnts for many of the structural features of 
the region. Traditionally, the testis and serotnm are disseeted 
and stndied in relation to the anterior abdominal wall and 
the ingninal region. For this reason, male anatomy reeeives 
greater emphasis in this seetion. 

INGUINAL LIGAMENT AND ILIOPUBIC TRAGT 

Thiekened fibrons bands, or retinaenla, occur in relationship 
to many joints that have a wide range of movement to retain 
stmetnres against the skeleton during the varions positions of 
the joint (see introdnetion). The ingninal ligament sìíìdiliopnhie 
traet, extending from the ASIS to the puhie tuherele, eonsti- 
tute a bilaminar anterior (fiexor) retinaculum of the hip joint 
(Figs. 2.13 and 2.14). The retinaculum spans the subinguinal 
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FIGIJRE 2.14. Formations of inguinal region. The inguinal ligament is the thiekened, undertumed, inferior margin ofthe aponeurosis ofthe external 
oblique, forming a retinaculum that bridges the subinguinal spaee. A slit-like gap betvveen the medial and the lateral crura of the external oblique aponeuro- 
sis, bridged by intercrural fibers, forms the superficial inguinal ring. 
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spaee, through which pass the flexors of the hip and nenro- 
vasenlar strnetnres serving mneh of the lower limb. These 
flbrons bands are the thiekened inferolateral-most portions of 
the extemal oblique and aponenrosis and the inferior margin of 
the transversalis faseia. They are major landmarks of the region. 

The inguinal ligament is a dense band eonstitnting 
the inferiormost part of the external oblique aponenrosis. 
Although most flbers of the ligament’s medial end insert into 
the pnbie tnberele, some follow other eonrses (Fig. 2.14): 

• Some of the deeper flbers pass posteriorly to attaeh to the 
snperior puhic rarrms lateral to the tnberele, forming the 
arehing laennar ligament (of Gimbernat), which forms 
the medial bonndary of the snbingninal spaee. The most 
lateral of these flbers eontinne to rnn along the peeten 
puhis as the peetineal ligament (of Gooper). 

• Some of the more snperior flbers fan upward, bypassing 
the puhic tuhercle and erossing the linea alba to blend 
with the lower flbers of the eontralateral external oblique 
aponenrosis. These flbers form the refleeted ingninal 

ligament (Figs. 2.8, 2.14, and 2.15A). 

The iliopnbie traet is the thiekened inferior margin of 
the transversalis faseia, whieh appears as a flbrons band rnn- 
ning parallel and posterior (deep) to the ingninal ligament 
(Figs. 2.13 and 2.15B). The iliopnbie traet, seen in the plaee 
of the ingninal ligament when the ingninal region is viewed 
from its internal (posterior) aspeet (e.g., dnring laparoseopy), 
reinforees the posterior wall and floor of the ingninal eanal 
as it bridges the strnetnres traversing the snbingninal spaee. 

The ingninal ligament and iliopnbie traet span an area of 
innate weakness in the body wall in the ingninal region ealled 
the myopeetineal orifiee (Frnehand, 1956). This weak area, 
oeenrring in relation to strnetnres traversing the body wall, is 
the site of direet and indireet ingninal and femoral hernias. 

INGUINAL GANAL 

The ingninal eanal is formed in relation to the reloeation 
of the testis dnring fetal development. The ingninal eanal in 
adnlts is an oblique passage, approximately 4 em long, direeted 
inferomedially throngh the inferior part of the anterolateral 
abdominal wall. It lies parallel and snperior to the medial half 
of the ingmnal ligament (see Figs. 2.14 and 2.15). The main 
oeenpant of the ingninal eanal is the spermatie eord in males 
and the round ligament of the uterus in females. These are 
fimetionally and developmentally distinet structures that occur 
in the same loeation. The ingninal eanal also eontains blood 
and lymphatie vessels and the ilio-inguinal nerve in both sexes. 
The ingninal eanal has an opening at eaeh end: 

• The deep (internal) ingninal ring is the entranee to 
the inguinal eanal. It is loeated snperior to the middle of 
the ingninal ligament and lateral to the inferior epigastrie 
artery (Fig. 2.14). It is the beginning of an evagination 
in the transversalis faseia that forms an opening like the 
entranee to a eave (Figs. 2.7B, 2.13, and 2.15). Throngh 
this opening, the extraperitoneal duetus deferens (vas def- 
erens) and testienlar vessels in males (or round ligament 


of the uterus in females) pass to enter the ingninal eanal. 
The transversalis faseia itself eontinnes into the eanal, 
forming the innermost eovering (internal faseia) of the 
structures traversing the eanal. 

• The saperfìeial (extemal) inguinal ring is the exit by 
whieh the spermatie eord in males, or the round ligament in 
females, emerges from the ingmnal eanal (Figs. 2.7A, 2.14, 
and 2.15). The snperfleial ring is a split that oeenrs in the 
diagonal, othenvise parallel flbers of the extemal oblique apo- 
neurosis just superolateral to the pubic tubercle. The parts of 
the aponeurosis that lie lateral and medial to, and form the 
margins of, the snperfleial ring are erara (L. leg-like parts). 
The lateral crus attaehes to the pubie tubercle, and the 
medial crus attaehes to the pubic erest. Fibers of the 
superficial layer of investing (deep) faseia overlying the 
external oblique musele and aponenrosis, rnnning per- 
pendienlar to the fibers of the aponenrosis, pass from one 
ems to the other aeross the snperolateral part of the ring. 
These intercrural fibers help prevent the emra from 
spreading apart (i.e., they keep the “split” in the aponen- 
rosis from expanding). 

The ingainal eanal is normally eollapsed anteroposteriorly 
against the stmetnres it eonveys. Between its two openings 
(rings), the ingmnal eanal has two walls (anterior and poste- 
rior), as well as a roof and floor (Figs. 2.14 and 2.15A & B). The 
stmetnres forming these bonndaries are listed in Table 2.5. 

The ingmnal eanal has two walls (anterior and posterior), 
a roof, and a floor (Figs. 2.8 and 2.15A & B): 

• Anterior wall: formed by the external oblique aponeurosis 
throughout the length of the eanal; its lateral part is rein- 
foreed by mnsele fibers of the internal oblique. 

• Posterior wall: formed by the transversalis faseia; its 
medial part is reinforeed by pubie attaehments of the 
internal oblique and transversns abdominis aponenroses 
that frequently merge to variable extents into a eommon 
tendon—the inguinal falx (eonjoint tendon)—and the 
refleeted ingmnal ligament. 

• Roof: formed laterally by the transversalis faseia, eentrally 
by museulo-aponeurotie arehes of the internal oblique 
and transversns abdominis, and medially by the medial 
ems of the external oblique aponeurosis. 

• Floor: formed laterally by the iliopubic traet, eentrally 
by gntter formed by the infolded ingninal ligament, and 
medially by the laennar ligament. 

As the ingninal ligament and iliopnbie traet span the myo- 
peetineal orifiee (Fig. 2.13), they demareate the inferior 
bonndaries of the ingmnal eanal and its openings. The ingninal 
triangle separates these formations from the stmetnres of the 
femoral sheath (femoral vessels and femoral eanal) that traverse 
the medial part of the subinguinal spaee. Most groin hernias 
in males pass snperior to the iliopnbie traet (ingmnal hemias), 
whereas most pass inferior to it in females (femoral hernias). 
Beeanse of its relative weakness, the myopeetineal orifiee is 
overlaid with prosthetie mesh plaeed in the extraperitoneal 
retro-inguinal spaee (“spaee of Bogros”) in many hemia repairs. 
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FIGITRE 2.15. Inguinal eanal and spermatie eord. A. The layers ofthe 
abdominal vvall and the eoverings of the spermatie eord and testis derived 
from them are shovvn. B. Sagittal seetion ofthe anterior abdominal vvall 
and inguinal eanal at the plane sho\A/n in part A. 


TABLE 2.5. BOUNDARIES OFINGUINAL GANAL 


Boundary 
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inguinal ligament 
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Development of Ingnìnal Canal. The testes develop 
in the extraperitoneal eonneetive tissne in the snperior Inm- 
bar region of the posterior abdominal wall (Fig. 2.16A). The 
male gubernaculum is a fibrons traet eonneeting the pri- 
mordial testis to the anterolateral abdominal wall at the 
site of the fntnre deep ring of the ingninal eanal. A perito- 
neal divertienlnm, the processus vaginalis, traverses the 
developing ingninal eanal, earrying mnsenlar and faseial lay- 
ers of the anterolateral abdominal wall before it as it enters 
the primordial serotnm. By the 12th week, the testis is 
in the pelvis, and by 28 weeks (7th month), it lies elose to the 
developing deep ingninal ring (Fig. 2.16B). The testis begins 
to pass throngh the ingninal eanal dnring the 28th week and 
takes approximately 3 days to traverse it. Approximately 
4 weeks later, the testis enters the serotnm (Fig. 2.16C). As 
the testis, its dnet {ductus deferens), and its vessels and nerves 
reloeate, they are ensheathed by mnsenlofaseial extensions of 
the anterolateral abdominal wall, whieh aeeonnt for the pres- 
enee of their derivatives in the adnlt serotnm: the internal 
and external spermatie faseìae and eremaster mnsele 
(Fig. 2.15). The stalk of the proeessns vaginalis normally 
degenerates; however, its distal saeenlar part forms the 
tunica vaginalis, the serons sheath of the testis and epididy- 
mis (Moore et al., 2012). 

The ovaries also develop in the snperior Inmbar region 
of the posterior abdominal wall and reloeate to the lateral 
wall of the pelvis (Fig. 2.17). The proeessns vaginalis of the 
peritonenm traverses the transversalis faseia at the site of the 
deep ingninal ring, forming the ingninal eanal as in the male, 
and protrndes into the developing labinm majns. 

The female gubernaculum, a fibrons eord eonneeting 
the ovary and primordial nterns to the developing labinm 
majns, is represented postnatally by the ovarian ligament, 
between the ovary and nterns, and the round ligament of 
the uterus (L. ligamentnm teres uteri), between the nterns 
and labinm majns. Beeanse of the attaehment of the ovarian 
ligaments to the nterns, the ovaries do not reloeate to the 
ingninal region; however, the ronnd ligament passes throngh 
the ingninal eanal and attaehes to the snbentaneons tissne of 
the labinm majns (Fig. 2.17B & C). 

Except for its most inferior part, which beeomes a serons 
sae engnlfing the testis, the tunica vaginalis, the proeessns 
vaginalis obliterates by the 6th month of fetal development. 
The ingninal eanals in females are narrower than those in 
males, and the eanals in infants of both sexes are shorter and 
mneh less oblique than in adnlts. The snperfieial ingninal 
rings in infants lie almost direetly anterior to the deep ingni- 
nal rings. 

Inguínal Canal and Inereased Intra-Abdomínal 
Pressure. The deep and snperfieial ingninal rings in the 
adnlt do not overlap beeanse of the oblique path of the ingni- 
nal eanal. Consequently, inereases in intra-abdominal pres- 
snre aet on the ingninal eanal, foreing the posterior wall of 
the eanal against the anterior wall and strengthening this 
wall, thereby deereasing the likelihood of herniation nntil the 
pressnres overeome the resistant effeet of this meehanism. 
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FIGIJRE 2.16. Formation of inguinal eanals and reloeation of 
testes. A. In a 7-week embryo, the testis is attaehed to the posterior 
abdominal wall. B. A fetus at 28 weeks (seventh month) shows the 
processus vaginalis and testis passing through the inguinal eanal. The 
testis passes posteriorto the processus vaginalis, notthrough it. C. In 
a newborn infant, obliteration ofthe stalkofthe processus vaginalis 
has occurred. The remains of the processus vaginalis have formed the 
tunica vaginalis of the testis. The remnant of the gubernaculum has 
disappeared. 
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FIGIJRE 2.18. Areades of ìnguìnal eanal. The inguinal eanal eonsists of 
a series ofthree musculo-aponeurotic areades traversed by the spermatie 
eord or round ligament of the uterus {arrow). The muscular eontraetion 
that inereases intra-abdominal pressure also causes the roof of the eanal to 
deseend, narrovving the eanal as it is simultaneously eollapsed anteroposte- 
riorly bythe inereased internal pressure. 


Simultaneously, eontraetion of the external oblique approxi- 
mates the anterior wall of the eanal to the posterior walL It 
also inereases tension on the medial and lateral erura, resist- 
ing enlargement (dilation) of the snperfìeial ingninal ring. 
Gontraetion of the museulature that forms the lateral part of 
the areades of the internal oblique and transversns abdominis 
mnseles makes the roof of the eanal deseend, eonstrieting the 
eanal (Fig. 2.18). 
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FIGIJRE 2.17. Formatìon of ìnguìnal eanals ìn females. A. At 2 months 
the undifferentiated gonads (primordial ovaries) are loeated on the dorsal 
abdominal vvall. B. At 15 vveeks the ovaries have deseended into the greater 
pelvis. The processus vaginalis (not shown) passes through the abdominal 
wall, forming the inguinal eanal on eaeh side as in the male fetus. The 
round ligament passes through the eanal and attaehes to the subcutaneous 
tissue of the labium majus. C. In the mature female, the processus vaginalis 
has degenerated but the round ligament persists and passes through the 
inguinal eanal. 


Spermatie Cord, Scrotum, and Testes 

SPERMATie eORD 

The spermatie eord eontains strnetnres rnnning to and from 
the testis and snspends the testis in the serotnm (see Fig. 2.19; 
Table 2.6). The spermatie eord begins at the deep ingninal 
ring lateral to the inferior epigastrie vessels, passes throngh 
the ingninal eanal, exits at the snperfìeial ingninal ring, and 
ends in the serotnm at the posterior border of the testis. Fas- 
eial eoverings derived from the anterolateral abdominal wall 
dnring prenatal development snrronnd the spermatie eord. 
The eoverings of the spermatie eord inelnde the following: 

• Internal spermatie faseia; derived from the transversa- 
lis faseia. 

• Gremasterie faseia; derived from the investing faseia 
of both the snperfìeial and deep snrfaees of the internal 
oblique mnsele. 

• External spermatie faseia; derived from the external 
oblique aponenrosis and its investing faseia. 

The eremasterie faseia eontains loops of eremaster mnsele, 
which is formed by the lowermost faseieles of the internal 
oblique mnsele arising from the ingninal ligament (Figs. 2.8 
and 2.15A). The eremaster mnsele refìexively draws the testis 
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superiorly in the serotum, partienlarly in response to eold. 
In a warm environment, sneh as a hot bath, the eremaster 
relaxes and the testis deseends deeply in the scrotum. Both 
responses oeenr in an attempt to regnlate the temperatnre 
of the testis for spermatogenesis (formation of sperms), 
which requires a eonstant temperatnre approximately one 
degree eooler than eore temperatnre, or dnring sexual aetiv- 
ity as a proteetive response. The eremaster typieally aets 
eoineidentally with the dartos mnsele, smooth mnsele of 
the fat-free snbentaneons tissne of the serotnm {dartos fas- 
eia), which inserts into the skin, assisting testienlar eleva- 
tion as it prodnees eontraetion of the skin of the serotnm 
in response to the same stimnli. The eremaster mnsele is 
innervated by the genìtal hraneh of the genìtofemoral nerve 
(Ll, L2), a derivative of the Inmhar plexus (Fig. 2.19). The 
eremaster is striated mnsele reeeiving somatie innervation, 
whereas the dartos is smooth mnsele reeeiving antonomie 
innervation. Althongh less well developed and usually indis- 
tinet, the round ligament of the female reeeives similar 
eontribntions from the layers of the abdominal wall as it tra- 
verses the ingninal eanal. The eonstitnents of the spermatie 
eord are the following (Figs. 2.19 and 2.21; Table 2.6): 


Ductus deferens (vas deferens): a muscular tube approxi- 
mately 45 em long that eonveys sperms from the epididy- 
mis to the ejaenlatory duct. 

Testienlar artery: arising from the aorta and snpplying the 
testis and epididymis. 

Artery of ductus deferens: arising from the inferior vesieal 
artery. 

Oremasterie artery: arising from the inferior epigastrie 
artery. 

Pampiniform venous plexus: a network formed by up to 
12 veins that eonverge snperiorly as right or left testienlar 
veins. 

Sympathetie nerve fihers on arteries and sympathetie and 
parasympathetie nerve fibers on the ductus deferens. 
Genital hraneh of the genitofemoral nerve: snpplying the 
eremaster mnsele. 

Lymphatie vessels: draining the testis and elosely assoei- 
ated structures and passing to the Inmbar lymph nodes. 
Vestige of processus vaginalis; may be seen as a fibrons 
thread in the anterior part of the spermatie eord extending 
between the abdominal peritonenm and the tnniea vagi- 
nalis; it may not be deteetable. 


Gisterna ehyli (ehyle eistern) 


Abdominal aorta 


Right renal artery 


Right testiealar artery 


Lumbar plexus 


Ilio-inguinal nerve 


Saeral plexus 


Genital braneh of 
genitofemoral nerve 

Pudendal nerve 


Posterior serotal 
(perineal) nerves 


Posterior cutaneous 
nerve of thigh 


Anterior serotal 
nerves 


Anterior view 


Left renal artery 
Left testicular artery 


Pre-aortie lymph nodes 
Lymphatie vessels 
Lumbar (eaval/aortie) lymph nodes 



Lymphatie drainage 


From testis 
From scrotum 




Spermatie eord 


Testis Scrotum 


Right eommon iliae artery 


Internal iliae artery 


External iliae artery 


Perineal braneh of internal 
pudendal artery 


Superficial inguinal 
lymph node 

eremasterie artery (braneh 
of inferior epigastrie artery) 
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External pudendal 
braneh of femoral artery 

Anterior serotal arteries 


FIGIJRE 2.19. Arterial supply and lymphatie drainage of testis and scrotum; innervation of scrotum. Lymph draining from the testis and scrotum 
follovvs different courses. The lumbar plexus provides innervation to the anterolateral aspeet ofthe scrotum; the saeral plexus provides innervation to the 
postero-inferior aspeet. 
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TABLE 2.6. GORRESPONDING LAYERS OF ANTERIOR ABDOMINAL WALL, SCROTUM, AND SPERMATIG GORD 



Subcutaneous tissue (fatty/membranous) 


External oblique muscle and faseia 


I Internal oblique muscle 


Faseia of both superficial and deep 
surfaces of the internal oblique muscle 


Transversus abdominis muscle 


Transversalis faseia 


Peritoneum 


Layers of anterior abdominal wall 


Medial umbilical fold 

Extraperitoneal fat 
Inferior 

epigastrie vessels 

Testicular artery 
and vein and ductus 
deferens 


Intercrural 
fibers 

Superficial 
inguinal ring 


Pampiniform 
plexus of veins 

Testicular artery 


Ductus deferens 


Scrotum and eoverings of Testis 

Skin 

Subcutaneous tissue (dartos faseia) 
and dartos muscle 

External spermatie faseia 
Gremaster muscle 

eremasterie faseia 
Internal spermatie faseia 


Tunica vaginalis 


Viseeral layer 
(eovering testis 
and epididymis 

Parietal layer 


*~b I 


Membranous 


Fatty layer 
(Gamper) 


Subcutaneous 

tissue 

(dartos 

faseia) 


Deep inguinal ring formed by 
transversalis faseia 

eremasterie vessels 


Dartos muscle/fascia (inel. 
serotal septum) 

External spermatie faseia 

Gremaster muscle 

eremasterie faseia 

Internal spermatie faseia 
Vestige of processus vaginalis 


Goverings 
of spermatie 
eord 


Because it is not a homolog of the spermatie eord, the round 
ligament does not eontain eomparable structures. It includes 
only vestiges of the lower part of the ovarian gubernaculum 
and the proeessns vaginalis. 

SCROTUM 

The scrotum is a cutaneous sae eonsisting of two layers: heavily 
pigmented skin and the elosely related dartos faseia, a fat-free 
faseial layer inelnding smooth mnsele fìbers {dartos mnsele) 
responsible for the mgose (wrinkled) appearanee of the serotnm 
(see Fig. 2.9B; Table 2.6). Beeanse the dartos mnsele attaehes 
to the skin, its eontraetion eanses the serotnm to wrinkle when 
eold, thiekening the integnmentary layer while redneing serotal 
snrfaee area and assisting the eremaster mnseles in holding the 
testes eloser to the body, all of which rednees heat loss. 


The serotnm is divided internally by a eontinnation of the 
dartos faseia, the septnm of the serotnm, into right and left 
eompartments. The septnm is demareated externally by the 
serotal raphe (see Ghapter 3), a cutaneous ridge marking the 
line of fnsion of the embryonie lahioserotal stvellings. The 
snperfìeial dartos faseia is devoid of fat and is continuous 
anteriorly with the memhranons layer of suhcutaneous tis- 
sue of the ahdomen (Searpa faseia) and posteriorly with the 
memhranons layer of suhcutaneous tissue of the perineum 
(Golles faseia) (see Fig. 2.9B). 

The development of the serotnm is elosely related to the 
formation of the ingninal eanals. The serotnm develops from 
the lahioserotal steellings, two cutaneous outpouchings of the 
anterior abdominal wall that fnse to form a pendulous cuta- 
neous pouch. Late in the fetal period, the testes and sper- 
matie eords enter the serotnm. 
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The arterial supply of the scrotum (Fig. 2.19) is from the: 

• Posterior serotal branehes of the perineal artery; a 

braneh of the internal pndendal artery. 

• Anterior serotal branehes of the deep external 
pndendal artery; a braneh of the femoral artery. 

• Greniasterie artery; a braneh of the inferior epigastrie 
artery. 

Serotal veins aeeompany the arteries. The lymphatie ves- 
sels of the scrotum drain into the snperfieial ingninal lymph 
nodes. 

The nerves of the serotnm (Fig. 2.19) inelnde branehes of 
the lumbar plexus to the anterolateral surface, and branehes 
of the saeral plexus to the posterior and inferior snrfaees: 

• Genìtal hraneh of the genìtofemoral nerve (Ll, L2): sup- 
plying the anterolateral surface. 

• Anterior serotal nerves; branehes of the ilio-ingninal 
nerve (Ll) supplying the anterior snrfaee. 

• Posterior serotal nerves; branehes of the perineal 
braneh of the pndendal nerve (S2-S4) snpplying the pos- 
terior surface. 

• Perineal branehes of the posterior entaneons nerve 
of thigh (S2, S3): supplying the postero-inferior snrfaee. 


TESTES 

The testes (testieles) are the male gonads—paired ovoid 
reprodnetive glands that prodnee sperms (spermatozoa) 
and male hormones, primarily testosterone (Fig. 2.20). The 
testes are snspended in the serotnm by the spermatie eords, 
with the left testis nsnally snspended (hanging) more inferi- 
orly than the right testis. 

The snrfaee of eaeh testis is eovered by the viseeral layer 
of the tnniea vaginalis, except where the testis attaehes to 
the epididymis and spermatie eord. The tnniea vaginalis is 
a elosed peritoneal sae partially snrronnding the testis, which 
represents the elosed-off distal part of the embryonie pro- 
eessns vaginalis. The viseeral layer of the tnniea vaginalis is 
elosely applied to the testis, epididymis, and inferior part of 
the dnetns deferens. The slit-like reeess of the tnniea vagina- 
lis, the sinns of the epididymis, is between the body of the 
epididymis and the posterolateral snrfaee of the testis. 

The parietal layer of the tnniea vaginalis, adjaeent to 
the internal spermatie faseia, is more extensive than the vis- 
eeral layer and extends snperiorly for a short distanee onto the 
distal part of the spermatie eord. The small amonnt of finid in 
the eavity of the tnniea vaginalis separates the viseeral and pari- 
etal layers, allowing the testis to move freely in the serotnm. 

The testes have a tongh fibrons onter snrfaee, the tnniea 
albnginea, that thiekens into a ridge on its internal, posterior 
aspeet as the mediastinnm of the testis (Fig. 2.21). From this 
internal ridge, fibrons septa extend inward between lobnles of 
minnte bnt long and highly eoiled seminiferons tnbnles in 
which the sperms are prodneed. The seminiferons tnbnles are 
joined by straight tnbnles to the rete testis (L. rete, a net), a 
network of eanals in the mediastinnm of the testis. 


Internal 
spermatie faseia 
(lined internally by 
parietal layer of 
tunica vaginalis) 

Epididymis 
and testis 
eovered by 
viseeral layer of 
tunica vaginalis 


Appendix 
of testis 


Sinus of 
epididymis 


Gavity of 
tunica vaginalis 


Lateral view 



FIGIJRE 2.20. Tunica vaginalis (opened). The distal part ofthe eon- 
tents of the spermatie eord, the epididymis, and most of the testis are sur- 
rounded by a eollapsed sae, the tunica vaginalis. Consequently, the testis 
and epididymis—direetly eovered by the tunica’s viseeral layer—are mobile 
vvithin the scrotum. The outer parietal layer lines the peritesticular continu- 
ation of the internal spermatie faseia. 


Spermatie eord 




Tail of epididymis 


A Lateral view of right testis 


Testicular artery 

Pampiniform 
venous plexus 
(testicular vein) 

Head of epididymis 

Efferent ductules — 
of testis 

Rete testis 

Straight tubules 

Body of epididymis 

Duct of epididymis 
Ductus deferens 
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Seminiferous 
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FIGITRE 2.21. Structures of testis and epididymis. The eoverings and 
a quarter-section of the testis has been removed to demonstrate the eon- 
tents of the distal spermatie eord, features ofthe epididymis, and internal 
structural details of the testis. The eavity of the tunica vaginalis—actually a 
potential spaee—is highly exaggerated. 
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The long testicular arteries arise from the anterolateral 
aspeet of the ahdomìnal aorta jnst inferior to the renal artenes 
(Fig. 2.19). They pass retroperitoneally (posterior to the peri- 
tonenm) in an oblique direetion, erossing over the nreters and 
the inferior parts of the external iliae arteries to reaeh the deep 
ingninal rings. They enter the ingninal eanals throngh the deep 
rings, pass throngh the eanals, exit them throngh the snperfi- 
eial ingninal rings, and enter the spermatie eords to snpply the 
testes. The testienlar artery or one of its branehes anastomoses 
with the artery of the ductus deferens. 

The veins emerging from the testis and epididymis form 
the pampiniform venons plexus, a network of 8-12 veins 
lying anterior to the dnetns deferens and snrronnding the tes- 
tienlar artery in the spermatie eord (Fig. 2.21). The pampi- 
niform plexus is part of the thermoregnlatory system of the 
testis (along with the eremasterie and dartos mnseles) helping 
to keep this gland at a eonstant temperatnre. The veins of eaeh 
pampiniform plexus eonverge snperiorly, forming a right tes- 
ticular vein, whieh enters the inferior vena eava (IVC), and a 
left testienlar vein, whieh enters the left renal vein. 

The lymphatie drainage of the testis follows the testien- 
lar artery and vein to the nght and left lumhar (eavallaortie) 
and pre-aortie lymph nodes (see Fig. 2.19). The antonomie 
nerves of the testis arise as the testienlar plexus of nerves 
on the testienlar artery, which eontains vagal parasympathetie 
and viseeral afferent fíbers and sympathetie fíbers from the 
TlO(-Tll) segment of the spinal eord. 

EPIDIDYMIS 

The epididymis is an elongated strnetnre on the posterior snr- 
faee of the testis (Fig. 2.20). Efferent ductules of the testis 
transport newly developed sperms to the epididymis from the 
rete testis. The epididymis is formed by minnte eonvolntions 


of the duct of the epididymis, so tightly eompaeted that 
they appear solid (Fig. 2.21). The dnet beeomes progressively 
smaller as it passes from the head of the epididymis on the 
snperior part of the testis to its tail. At the tail of the epididy- 
mis, the dnetns deferens begins as the eontinnation of the epi- 
didymal dnet. In the lengthy eonrse of this dnet, the sperms are 
stored and eontinne to matnre. The epididymis eonsists of the: 

• Head of the epididymis; the snperior expanded part 
that is eomposed of lobnles formed by the eoiled ends of 
12-14 efferent duetules. 

• Body of the epididymis; major part eonsisting of the 
tightly eonvolnted dnet of the epididymis. 

• Tail of the epididymis; tapering eontinnation with the 
dnetns deferens, the dnet that transports the sperms from 
the epididymis to the ejaenlatory dnet for expulsion via 
the nrethra dnring ejaenlation (see Ghapter 3). 

Surface Anatomy of Anterolateral 
Abdominal Wall 

The umhilicus is an obvions featnre of the anterolateral 
abdominal wall and is the referenee point for the trans- 
nmhilieal plane (Fig. 2.22). This pnekered indentation of skin 
in the eenter of the anterior abdominal wall is typieally at the 
level of the IV dise between the L3 and L4 vertebrae. How- 
ever, its position varies with the amonnt of snbentaneons fat 
present. The nmbiliens indieates the level of the TIO derma- 
tome. The epigastrie fossa (pit of the stomaeh) is a slight 
depression in the epigastrie region, jnst inferior to the Tiphoid 
proeess. This fossa is partienlarly notieeable when a person is 
in the snpine position beeanse the abdominal organs spread 
ont, drawing the anterolateral abdominal wall posteriorly in 
this region. The pain eansed by pyrosis (“heartbnrn,” resnlt- 
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FIGIJRE 2.22. Surface anatomy of the anterolateral abdomìnal wall. 
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ing from reflux of gastrie aeid into the esophagns) is often 
felt at this site. The 7th-10th eostal eartilages nnite on eaeh 
side of the epigastrie fossa, their medial borders forming the 
eostal margin. Althongh the abdominal eavity extends higher, 
the eostal margin is the demareation between the thoraeie 
and abdominal portions of the body wall. When a person is in 
the snpine position, observe the rise and fall of the abdominal 
wall with respiration: snperiorly with inspiration and inferi- 
orly with expiration. The reetns abdominis mnseles ean be 
palpated and observed when a snpine person is asked to raise 
their head and shonlders against resistanee. 

The loeation of the lìnea alha is visible in lean individn- 
als beeanse of the vertieal skin groove snperfleial to this 
raphe. The groove is nsnally obvions beeanse the linea alba 
is approximately 1 em wide between the two parts of the 
reetns abdominis snperior to the nmbiliens. Inferior to the 
nmbiliens, the linea alba is not indieated by a groove. Some 
pregnant women, espeeially those with dark hair and a dark 
eomplexion, have a heavily pigmented line, the linea nigra, 
in the midline skin external to the linea alba. After preg- 
naney, the eolor of this line fades. 

The npper margins of the pnbie bones {pnhie erest) and 
the eartilaginons joint that nnite them {pnhie symphysis) ean 
be felt at the inferior end of the linea alba. The ingninal fold 


is a shallow oblique groove overlying the ingninal ligament 
as it extends between the anterior snperior iliae spine (ASIS) 
and the pnhie tnherele. The bony iliae erest at the level of L4 
vertebra ean be easily palpated as it extends posteriorly from 
the ASIS. The pnbie erest, ingninal folds, and iliae erests 
demareate the inferior limit of the anterior abdominal wall, 
distingnishing it from the perinenm eentrally and the lower 
limbs (thighs) laterally. 

The semilunar lines (L. lineae semilnnares) are slightly 
enrved, linear impressions in the skin that extend from the 
inferior eostal margin near the 9th eostal eartilages to the 
pnbie tnbereles. These semilnnar skin grooves (5-8 em from 
the midline) are elinieally important beeanse they are parallel 
with the lateral edges of the reetns sheath. 

Skin grooves also overlie the tendinons interseetions of the 
reetns abdominis, whieh are elearly visible in persons with well- 
developed reetns mnseles. The interdigitating bellies of the 
serratns anterior and external ohlique mnseles are also visible. 

The site of the ingninal ligament is indieated by the ingui- 
nal groove, a skin erease that is parallel and jnst inferior 
to the ingninal ligament. This groove is readily visnalized by 
having the person drop one leg to the floor while lying snpine 
on an examining table. The ingninal groove marks the divi- 
sion between the anterolateral abdominal wall and the thigh. 


INTERNAL SURFACE OF 
ANTEROLATERAL ABDOMINAL 
WALL AND INGUINAL REGION 


Postnatal Pateney of Umbilical Vein 


Undescended (Gryptorehid) Testis 



The testes are nndeseended in approximately 3% of 
fnll-term and 30% of prematnre infants (Moore, 
Persand, and Torehia, 2012). Abont 95% of 
nndeseended testes oeenr nnilaterally. If a testis has not 
deseended or is not retraetable (eapable of being drawn down). 



Before the birth of a fetns, the nmbilieal vein earries 
well-oxygenated, nntrient-rieh blood from the pla- 
eenta to the fetns. Althongh referenee is often made to 
the “oeelnded” nmbilieal vein forming the round ligament ofthe 
liver, this vein is patent for some time after birth, and is nsed for 
nmhilieal vein eatheterization for exchange transfnsion dnring 
early infaney—for example, in infants with erythrohlastosis feta- 
lis or hemolytie disease of the newbom (Kliegman et al., 2011). 


the eondition is eryptorehidism (G. orehis, testis + L. from ]Vl6t3.St3.SÌS of Ut6rine C3.ncer 


G. kryptos, hidden). The nndeseended testis nsnally lies some- 
where along the normal path of its prenatal deseent, eommonly 
in the ingninal eanal. The importanee of eryptorehidism is a 
greatly inereased risk for developing malignaney in the nnde- 
seended testis, partienlarly problematie beeanse it is not pal- 
pable and is not nsnally deteeted nntil eaneer has progressed. 



to Labium Majus 

Lymphogenons metastasis of eaneer most eommonly 
oeenrs along lymphatie pathways that parallel the 
venons drainage of the organ that is the site of the pri- 
mary tnmor. This is also tme of the ntems, the veins and lymph 
vessels of which mostly drain via deep rontes. However, some 
lymphatie vessels follow the eonrse of the ronnd ligament throngh 
the ingninal eanal. Thns, while oeenrring less often, metastatie 
An external snpravesieal hernia leaves the peritoneal nterine eaneer eells (espeeially from tnmors adjaeent to the prox- 

eavity throngh the snpravesieal fossa (Fig. 2.13). The imal attaehment of the ronnd ligament) ean spread from the 

site of the hernia is medial to that of a direet ingninal ntems to the labinm majns (the developmental homolog of the 

hernia (see the blne box 'Tngninal Hernias,” on p. 212). The serotnm and site of distal attaehment ofthe ronndligament), and 

iliohypogastrie nerve is in danger of injnry dnring the repair of from there to the snperfleial ingninal nodes, which reeeive lymph 


Ext6rnal Suprav6sical Hernia 



this rare type of hernia. 


from the skin of the perinenm (inelnding the labia). 
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SPERMATie eORD, SCROTUM, 
AND TESTES 


lnguinal Hernias 


tongue depressor. The ilio-inguinal nerve snpplies this area of 
skin. The rapid elevation of the testis on the same side is the 
eremasterie reflex. This reflex is extremely aetive in ehildren; 
consequently, hyperaetive eremasterie reflexes may simnlate 
nndeseended testes. A hyperaetive reflex ean be abolished by 



The majority of abdominal hemias oeenr in the ingninal having the ehild sit in a eross-legged, squatting position; if the 

region. Ingninal hemias aeeonnt for 75% of abdominal testes are deseended, they ean then be palpated in the serotnm. 

hemias. These hemiations oeenr in both sexes, bnt most 


ingninal hemias (approximately 86%) oeenr in males beeanse of 
the passage of the spermatie eord throngh the inguinal eanal 
An ingninal hernia is a protrnsion of parietal peritonenm 
and viseera, sneh as the small intestine, throngh a normal 
or abnormal opening from the eavity in which they belong. 


Cysts and Hernias of Canal of Nuck 

indireet ingninal hemias ean oeenr in women; however, 
they are approximately 20 times more eommon in men. 
If the proeessns vaginalis persists in females, it forms a 



Most hernias are redneible, meaning they ean be retnrned small peritoneal poneh, the eanal ofNnek, in the ingmnal eanal 
to their normal plaee in the peritoneal eavity by appropri- ihat may extend to the labinm majns. In female infants, sneh 
ate manipnlation. The two types of ingninal hernia are direet remnants ean enlarge and form eysts in the ingninal eanal. The 
and indireet ingninal hernias. More than two thirds are indi- eysts mayprodnee a bnlge in the anterior part of the labinm majns 
reet hernias. Gharaeteristies of direet and indireet ingninal and have the potential to develop into an indireet ingninal hemia. 


hernias are listed and illnstrated in Table B2.1, with related 
anatomy illnstrated in Fignre B2.3A-C. 

Normally, most of the proeessns vaginalis obliterates before 
birth, except for the distal part that forms the tnniea vaginalis of 
the testis (Table 2.6). The peritoneal part of the hemial sae of 
an indireet ingninal hernia is formed by the persisting proeessns 
vaginalis. If the entire stalk of the proeessns vaginalis persists, 
the hemia extends into the serotnm snperior to the testis, form- 
ing a eomplete indireet ingninal hernia (Table B2.1). 


Hydroeele of Spermatie Cord 
and/or Testis 

A hydroeele is the presenee of excess flnid in a persis- 
tent proeessns vaginalis. This eongenital anomaly 
may be assoeiated with an indireet ingninal hernia. 
The flnid aeenmnlation resnlts from seeretion of an abnormal 
amonnt of serons flnid from the viseeral layer of the tnniea 



The snpeífeial ingninal ring is palpable snperolateral to the vaginalis. The size of the hydroeele depends on how mneh of 

pnbie tnberele by invaginating the skin of the npper serotnm ihe proeessns vaginalis persists. 


with the index flnger (Fig. B2.3D). The examiner s flnger fol- 


A hydroeele of the testis is eonflned to the serotnm and 


lows the spermatie eord snperolaterally to the snperfleial ingni- distends the tnniea vaginalis (Fig. B2.4A). A hydroeele of the 

nal ring. If the ring is dilated, it may admit the flnger without spermatie eord is eonflned to the spermatie eord and distends 
eansing pain. Shonld a hernia be present, a sndden impnlse is persistent part of the stalk of the proeessns vaginalis (Fig. 

felt against either the tip or pad of the examining flnger when B2.4B). A eongenital hydroeele of the eord and testis may 
the patient is asked to eongh (Swartz, 2009). However, beeanse eommnnieate with the peritoneal eavity. 


both ingninal hernia types exit the snperfleial ring, palpation of 
an impnlse at this site does not diseriminate type. 


Deteetion of a hydroeele requires transillnmination, a 
proeednre dnring which a bright light is applied to the side 


With the palmar snrfaee of the flnger against the anterior of the serotal enlargement in a darkened room. The trans- 

abdominal wall, the deep ingninal ring may be felt as a skin mission of light as a red glow indieates excess serons flnid 


in the serotnm. Newborn male infants often have residnal 


depression snperior to the ingninal ligament, 2-4 em snpero- 
lateral to the pnbie tnberele. Deteetion of an impnlse at the peritoneal flnid in their tnniea vaginalis; however, this flnid 

snperfleial ring and a mass at the site of the deep ring sng- is nsnally absorbed dnring the Ist year of life. Gertain patho- 


gests an indireet hernia. 


logieal eonditions, sneh as injnry and/or inflammation of the 


Palpation of a direet ingninal hernia is performed by plae- epididymis, may also prodnee a hydroeele in adnlts. 

ing the palmar snrfaee of the index and/or middle flnger over 

the ingninal triangle and asking the person to eongh or bear H6rn.8.tOC6l6 of T6StÌS 


down (strain). If a hernia is present, a foreefnl impnlse is felt 
against the pad of the flnger. The flnger ean also be plaeed 
in the snperfleial ingninal ring; if a direet hernia is present, a 
sndden impnlse is felt medial to the flnger when the person 
eonghs or bears down. 



Cr6mast6ric R6fl6x 


A hematoeele of the testis is a eolleetion of blood in 
the tnniea vaginalis that resnlts, for example, from 
rnptnre of branehes of the testienlar artery by 
tranma to the testis (Fig. B2.4C). Tranma may prodnee a 
serotal and/or testienlar hematoma (aeenmnlation of blood, 
nsnally elotted, in any extravascular loeation). Blood does not 
transillnminate; therefore, transillnmination ean differenti- 



Contraction of the eremaster mnsele is elieited by ate a hematoeele or hematoma from a hydroeele. A hemato- 

lightly stroking the skin on the medial aspeet of the eele of the testis may be assoeiated with a serotal hematoeele, 

snperior part of the thigh with an applieator stiek or resnlting from effnsion of blood into the serotal tissnes. 
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TABLE B2.1. CHARACTERISTICS OF INGUINAL HERNIAS 


Direet (acquired) inguinai hernia indireet (eongenitai) inguinai hernia 



Lateral 

umbilical 

fol(d 


Peritoneum 


Testicular vessels entering 
spermatie eord 


Ductus 


Inguinal 


Inferior 


Transversalis 


T ransversus 
abdominis muscle 


Internal 


External 


oblique 


muscle 


Ilio-inguinal 


epigastrie 

vessels 


deferens 


faseia 


triangle 


oblique 


muscle 


inguinal 


Deep 




ring 


(parallels 


Herniating bowei 
passes MEDIAL to 
inferior epigastrie 
vesseis, pushing 
through peritoneum 
and transversaiis faseia 
in inguinai triangie to 
enter inguinai eanai. 


inguinal 


nerve 


Inguinal 

ligament 


Herniating bowei 
passes LATERAL 
to inferior epigastrie 
vesseis to enter 
deep inguinai ring. 


Superficial 
inguinal ring 


Inguinal falx 
(eonjoint tendon) 


Hernial sae 


Loop of intestine 
inside eord 


spermatie eord) 
Spermatie eord 


Hernial sae 

(within spermatie eord) 


eharaeteristie 

Direet (Acquired) 

indireet (Congenital) 

Predisposing faetors 

VVeakness of anterior abdominal wall in inguinal tri- 
angle (e.g., owing to distended superficial ring, narrow 
inguinal falx, or attenuation of aponeurosis in males 
>40 years of age) 

Pateney of processus vaginalis (eomplete or at least 
superior part) in younger persons, the great majohty 
of which are males 

Frequency 

Less eommon (one third to one quarter of inguinal 
hernias) 

More eommon (two thirds to three quarters) of ingui- 
nal hernias 

Exitfrom abdominal 
eavity (Fig. B2.3A & B) 

Peritoneum plus transversalis faseia (lies outside inner 
one ortwo faseial eoverings of eord) 

Peritoneum of persistent processus vaginalis plus all 
three faseial eoverings of cord/round ligament 

Course (Fig. B2.3C) 

Passes through oraround inguinal eanal, usually 
traversing only medial third of eanal, external and 
parallel to vestige of processus vaginalis 

Traverses inguinal eanal (entire eanal if it is of suf- 
fieientsize) within processus vaginalis 

Exitfrom anterior 
abdominal wall 

Via superficial ring, lateral to eord; rarely enters 
scrotum 

Via superficial ring inside eord, eommonly passing 
into scrotum/labium majus 
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Lateral margin of rectus 
abdominis muscle 


Rectus abdominis 


Inferior epigastrie artery 
Site of deep inguinal ring 


Inguinal (Hesselbaeh) 
triangle 


Superficial inguinal ring 



Inferior epigastrie artery and vein 

Transversus 
abdominis 

Iliopubic traet 

Deep inguinal ring 

Testicular artery 
and vein 

External iliae 
artery and vein 

Iliopsoas 

Ductus deferens 

Obturator braneh 

Pubis 


(A) Anterior view 


Lacunar ligament 

(B) Posterior view of right anterior abdominai waii 


Anterior superior 
iliae spine 


Inguinal ligament 
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Scrotum 


Anterior superior 
iliae spine 

Inguinal ligament 

Superficial 
inguinal ring 



(C) Anterior view 


(D) Anterior view 


FIGUREB2.3. 


Torsìon of Spermatie Cord 

Torsion of the spermatie eord is a surgical emer- 
geney because neerosis (pathologie death) of the 
testis may oeenr. The torsion (tvvisting) obstrnets 
the venons drainage, with resnltant edema and hemorrhage, 



and subsequent arterial obstrnetion. The tvvisting nsnally 
oeenrs jnst above the npper pole of the testis (Fig. B2.4D). 
To prevent reenrrenee or oeenrrenee on the eontralateral 
side, vvhieh is likely, both testes are snrgieally fìxed to the 
serotal septnm. 
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Fluid in tunica 
vaginalis 


.i 





Hemorrhage into the 
tunica vaginalis due to 
injury to the spermatie 
vessels 


Spermatie 

eord 



Dpper pole 
of testis 


Testis 




(A) Hydroeele (H) of testis 


(B) Hydroeele (H) of eord (C) Hematoeele (H) of testis (D) Torsion of spermatie eord 


FIGUREB2.4. 
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Anesthetizing Serotnm 



Sinee the anterolateral snrfaee of the serotnm is snp- 
plied by the Inmbar plexus (primarily L1 fibers via the 
ilio-ingninal nerve) and the postero-inferior aspeet is 
snpplied by the saeral plexus (primarily S3 fibers via the pnden- 
dal nerve), a spinal anesthetie agent mnst be injeeted more 
snperiorly to anesthetize the anterolateral snrfaee of the sero- 
tnm than is neeessary to anesthetize its postero-inferior snrfaee. 


Spermatoeele and Epididymal Cyst 

A spermatoeele is a retention eyst (eolleetion of finid) 
in the epididymis (Fig. B2.5A), nsnally near its head. 
Spermatoeeles eontain a milky finid and are generally 
asymptomatie. An epididymal eyst is a eolleetion of finid any- 
where in the epididymis (Fig. B2.5B). 



Vestigial Remnants of Embryonie 
Genital Dnets 



When the tnniea vaginalis is opened, mdimentary 
stmetnres may be observed at the snperior aspeets of 
the testes and epididymis (Fig. B2.6). These stmetnres 


are small remnants of genital dnets in the embryo. They are rarely 
observed nnless pathologieal ehanges oeenr. The appendix of 
the testís is a vesienlar remnant of the eranial end of the parame- 
sonephrie (mHllerian) duet, the embryonie genital dnet that in the 
female forms half of the ntems. It is attaehed to the npper pole of 
the testis. The appendiees of the epididymis are remnants of 
the eranial end of the mesonephríe (toolffian) duet, the embry- 
onie genital dnet that in the male forms part of the dnetns defer- 
ens. The appendiees are attaehed to the head of the epididymis. 


Varieoeele 


The vine-like pampiniform plexus of veins may 
beeome dilated (varieose) and tortnons, prodneing a 
varieoeele, which is nsnally visible only when the man 
is standing or straining. The enlargement nsnally disappears 
when the person lies down, partienlarly if the serotnm is ele- 




Testis eovered 
by viseeral layer 
of tunica vaginalis 


Testis 

(A) 


Head of 
epididymis 
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Spermatoeele 


Head of 
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FIGIJRE B2.5. A. Spermatoeele. B. Epididymal eyst. 
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FIGUREB2.6. 


vatedwhile snpine, allowing gravity to empty the veins. Palpating 
a varieoeele ean be likened to feeling a bag of worms. Varieoeeles 
may resnlt from defeetive valves in the testienlar vein, bnt kid- 
ney or renal vein problems ean also resnlt in distension of the 
pampiniform veins. Varieoeele oeenrs predominantly on the left 
side, probably beeanse the aente angle at which the right vein 
enters the IVC is more favorable to fiow than the nearly 90° 
angle at which the left testienlar vein enters the left renal vein, 
making it more snseeptible to obstmetion or reversal of fiow. 


Ganeer of Testìs and Serotnm 



Lymphogenons metastasis is eommon to all testienlar 
tnmors, so a knowledge of lymphatie drainage is help- 
ful in treatment (Knmar et ak, 2009). Beeanse the 
testes reloeate from the posterior abdominal wall to the sero- 
tnm dnring fetal development, their lymphatie drainage differs 
from that of the serotnm, which is an ontponehing of anterolat- 
eral abdominal skin (see Fig. 2.15). Consequently: 


• Ganeer of the testis: metastasizes initially to the retro- 
peritoneal lumhar lymph nodes, which lie jnst inferior to 
the renal veins. Subsequent spread may be to mediastinal 
and snpraelavienlar nodes. 

• Cancer of the serotnm: metastasizes to the snperfieial 
ingainal lymph nodes, which lie in the snbentaneons tis- 
sne inferior to the ingninal ligament and along the termi- 
nal part of the great saphenons vein. 


Metastasis of testienlar eaneer may also oeenr by hematog- 
enons spread of eaneer eells (via the blood) to the Inngs, liver, 
brain, and bone. 
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The Bottom Lìne 


INTERNAL ABDOMINAL WALL AND INGUINAL 
REGION 

Internal abdomìnal wall: The primary features ofthe inter- 
nal surface of the anterolateral abdominal wall are peritoneal 
folds overlying structures radiating from the umbilical ring 
and the peritoneal fossae formed in relation to the folds. 

♦ Of the umbilical peritoneal folds, the eentral three (median 
and medial umbilical folds) eover remnants of embryologieal 
structures, whereas the lateral umbilical folds eoverthe infe- 
rior epigastrie vessels. ♦ The peritoneal fossae formed in rela- 
tion to the umbilical folds include the transitional supravesical 
fossae, the height of which ehanges with bladder filling, and 
the medial and lateral inguinal fossa, overlying potential weak 
areas in the anterior abdominal wall where direet and indireet 
inguinal hernias, respeetively, may occur. ♦ The supra-umbili- 
eal faleiform ligament eneloses the remnant of the embryonie 
umbilical vein and the aeeompanying para-umbilical veins 
(tributaries of the hepatie portal vein) in its free edge. 

Inguìnal regìon: The inguinal region extends from the 
ASIS to the pubic tubercle; its superficial inguinal fold demar- 
eates the abdomen from the lower limb. It lies within the L1 
dermatome. ♦ Most structures and formations in the inguinal 
region relate to a double (bilaminar) retinaculum formed 
by the inguinal ligament and iliopubic traet as they extend 
between the two bony points. These two bands are thiekenings 
of the inferior margins of the external oblique aponeurosis and 
transversalis faseia of the abdominal wall, respeetively. 

To allow the testis to deseend prenatally to a subcutane- 
ous loeation that will be eooler postnatally (a requirement for 
the development of sperms), the inguinal eanal traverses the 
abdominal wall superior and parallel to the medial half of the 
inguinal ligament. ♦ In females, only the inferior portion of 
the gubernaculum traverses the eanal, beeoming the round 
ligament of the uterus. ♦ The inguinal eanal itself eonsists of 
a deep ring internally, a superficial ring externally, and two 
musculo-aponeurotic arehes in between. ♦ The oblique pas- 
sageway through the offset rings and arehes eollapses when 
intra-abdominal pressure inereases. ♦ Gollapse of the eanal, 
eombined with the prenatal occlusion of the peritoneal evagi- 
nation (processus vaginalis) and the eontraetion of the arehes, 
normally resists the tendeney for abdominal eontents to herni- 
ate (protrude through) the eanal. ♦ Failure of the processus 
vaginalis to occlude, or defeetive anatomy, or degeneration of 
tissues, may result in the development of inguinal hernias. 

SPERMATie eORD, SCROTUM, ANDTESTES 

Spermatìe eord: In their passage through the inguinal 
eanal, the processus vaginalis, testis, ductus deferens, and 


neurovascular structures of the testis (or processus vaginalis 
and lower ovarian gubernaculum of the female) beeome 
engulfed by faseial extensions derived from most (three of 
four) of the layers traversed. This results in a trilaminar 
eovering. ♦ The transversalis faseia, internal oblique, and 
external oblique layers contribute the internal spermatie 
faseia, eremasterie muscle and faseia, and external sper- 
matie faseia, respeetively, to the spermatie eord. ♦ Although 
the portion of the processus vaginalis within the spermatie 
eord occludes, that adjaeent to the testis remains patent as 
the tunica vaginalis testis. ♦ The eontents of the spermatie 
eord are the ductus deferens and neurovascular structures, 
which trailed the testis as it reloeated from the posterior 
abdominal wall during development. 

Scrotum: The scrotum is the integumentary sae formed 
from the labioserotal swellings of the male to house the 
testes after their reloeation. The fatty layer of subcutaneous 
tissue ofthe abdominal wall is replaeed in the scrotum by the 
smooth dartos muscle, whereas the membranous layer 
is continued as the dartos faseia and serotal septum. ♦ The 
scrotum reeeives anterior serotal arteries from the thigh 
(via the external pudendal artery), posterior serotal arteries 
from the perineum (internal pudendal artery), and internally 
eremasterie arteries from the abdomen (inferior epigastrie 
artery). ♦ Anterior serotal nerves are derived from the lum- 
bar plexus (via the genitofemoral and ilio-inguinal nerves), 
and posterior serotal nerves from the saeral plexus (via the 
pudendal nerve). 

Testes: The testes are the male gonads, shaped and 
sized like large olives or small plums, that produce sperms 
and male hormones. ♦ Eaeh testis is engulfed, except 
posteriorly and superiorly, by a double-layered serous 
sae, the tunica vaginalis, derived from the peritoneum. 

♦ The outer surface of the testis is eovered with the 
fibrous tunica albuginea, which is thiekened internally and 
posteriorly as the mediastinum of the testis from which 
septa radiate. ♦ Between the septa are loops of fine semi- 
niferous tubules in which the sperms develop. The tubules 
eonverge and empty into the rete testis in the mediasti- 
num, which is eonneeted in turn to the epididymis by the 
efferent ductules. ♦ The innervation, blood vasculature, 
and lymphatie drainage all refleet the posterior abdominal 
origin of the testes and are, for the main part, indepen- 
dent of the surrounding serotal sae. ♦ The epididymis is 
formed by the highly convoluted and eompaeted duct of 
the epididymis leading from the efferent ductules to the 
ductus deferens. It is the site of sperm storage and matu- 
ration. The epididymis elings to the more proteeted supe- 
rior and posterior aspeets of the testis. 
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PERITONEUM AND PERITONEAL 
OAVITY 

The peritoneum is a continuous, glistening, and slippery 
transparent serons membrane. It lines the abdominopelvie 
eavity and invests the viseera (Fig. 2.23). The peritonenm 
eonsists of two eontinnons layers: the parietal perìtonenm, 
which lines the internal snrfaee of the abdominopelvie wall, 
and the viseeral peritonenm, which invests viseera sneh as the 
stomaeh and intestines. Both layers of peritonenm eonsist 
of mesothelinm, a layer of simple squamous epithelial eells. 

The parietal peritoneam is served by the same blood 
and lymphatie vasenlatnre and the same somatie nerve snp- 
ply, as is the region of the wall it lines. Like the overlying 
skin, the peritonenm lining the interior of the body wall is 
sensitive to pressnre, pain, heat and eold, and laeeration. 
Pain from the parietal peritonenm is generally well loealized, 
except for that on the inferior snrfaee of the eentral part of 
the diaphragm, where innervation is provided by the phrenie 
nerves (disenssed later in this ehapter); irritation here is often 
referred to the C3-C5 dermatomes over the shonlder. 

The viseeral peritoneum and the organs it eovers are 
served by the same blood and lymphatie vasenlatnre and vis- 
eeral nerve snpply. The viseeral peritonenm is insensitive to 
toneh, heat and eold, and laeeration; it is stimnlated primarily 
by stretehing and ehemieal irritation. The pain prodneed is 
poorly loealized, being referred to the dermatomes of the 
spinal ganglia providing the sensory fibers, partienlarly to 
midline portions of these dermatomes. Consequently, pain 


from foregnt derivatives is nsnally experienced in the epi- 
gastrie region, that from midgnt derivatives in the nmbilieal 
region, and that from hindgnt derivatives in the pnbie region. 

The peritonenm and viseera are in the abdominopelvie 
eavity. The relationship of the viseera to the peritonenm is 
as follows: 

• Intraperitoneal organs are almost eompletely eovered with 
viseeral peritonenm (e.g., the stomaeh and spleen). Intra- 
peritoneal in this ease does not mean inside the peritoneal 
eavity (althongh the term is nsed elinieally for snbstanees 
injeeted into this eavity). Intraperitoneal organs have eon- 
eeptnally, if not literally, invaginated into the elosed sae, 
like pressing yonr fist into an infiated balloon (see the dis- 
enssion of potential spaees in the introdnetion). 

• Extraperitoneal, retroperitoneal, and snhperitoneal 
organs are also ontside the peritoneal eavity—external to 
the parietal peritonenm—and are only partially eovered 
with peritonenm (nsnally on jnst one snrfaee). Retroperi- 
toneal organs sneh as the kidneys are between the parietal 
peritonenm and the posterior abdominal wall and have 
parietal peritonenm only on their anterior snrfaees (often 
with a variable amonnt of intervening fat). Similarly, the 
snbperitoneal nrinary bladder has parietal peritonenm 
only on its snperior snrfaee. 

The peritoneal eavity is within the abdominal eavity and 
eontinnes inferiorly into the pelvie eavity. The peritoneal eav- 
ity is a potential spaee of eapillary thinness between the pari- 
etal and viseeral layers of peritonenm. It eontains no organs bnt 
eontains a thin film of peritoneal fluid, which is eomposed of 
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FIGIJRE 2.23. Transverse seetion of abdomen at level of omental bursa. The orientation figure (inset) indieates the level ofthe seetion superficially. The dark 
arrow passes from the greater sae of the peritoneal eavity (P) through the omental (epiploie) foramen and aeross the full extent of the omental bursa (lesser sae). 
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water, eleetrolytes, and other snbstanees derived from interstitial 
flnid in adjaeent tissnes. Peritoneal flnid Inbrieates the peritoneal 
snrfaees, enabling the viseera to move over eaeh other without 
frietion, and a]lowing the movements of digestion. In addition to 
inbrieating the snrfaees of the viseera, the peritoneal flnid eon- 
tains lenkoeytes and antibodies that resist infeetion. Lymphatie 
vessels, partienlarly on the inferior snrfaee of the eonstantly aetive 
diaphragm, absorb the peritoneal flnid. The peritoneal eavity is 
eompletely elosed in males. However, there is a eommnnieation 
pathway in females to the evterior of the body throngh the nter- 
ine tnbes, nterine eavity, and vagina. This eommnnieation eonsti- 
tntes a potential pathway of infeetion from the evterior. 

Embryology of Perìtoneal Gavity 

When it is initially formed, the gnt is the same length as the 
developing body. It nndergoes exuberant growth, however, to 
provide the large absorptive snrfaee reqmred by nntrition. By 
the end of the lOth week of development, the gnt is mneh lon- 
ger than the body that eontains it. For this inerease in length to 
oeenr, the gnt mnst gain freedom of movement relative to the 
body wall at an early stage, while still maintaining the eonnee- 
tion with it neeessary for innervation and blood snpply. This 
growth (and later, the aetivity of the gnt) is aeeommodated 
by the development of a serons eavity within the trnnk that 
honses the inereasingly lengthy and eonvolnted gnt in a rela- 
tively eompaet spaee. The rate of growth of the gnt initially 
ontpaees the development of adequate spaee within the trnnk 
(body), and for a time the rapidly lengthening gnt extends ont- 
side the developing anterior body wall (see “Brief Review of 
the Embryologieal Rotation of the Midgnt,” on p. 258). 

Early in its development, the embryonie body eavity {intra- 
emhryonie eoelom) is lined with mesoderm, the primordinm 
of the peritonenm. At a slightly later stage, the primordial 
abdominal eavity is lined with paríetal peritonenm derived from 


mesoderm, which forms a elosed sae. The Inmen of the peri- 
toneal sae is the pentoneal eavity. As the organs develop, they 
invaginate (protrnde) to varying degrees into the peritoneal 
sae, acqmring a peritoneal eovering, the viseeral pentonenm. 
A visens (organ) sneh as the kidney protrndes only partially 
into the peritoneal eavity; henee, it is primarily retroperitoneal, 
always remaining external to the peritoneal eavity and posterior 
to the peritonenm lining the abdominal eavity. Other viseera, 
sneh as the stomaeh and spleen, protrnde eompletely into the 
peritoneal sae and are almost eompletely invested by viseeral 
peritonenm—that is, they are intraperitoneal. 

These viseera are eonneeted to the abdominal wall by a mes- 
entery of variable length, which is eomposed of two layers of 
peritonenm with a thin layer of loose eonneetive tissne between 
them. Generally, viseera that vary relatively little in size and 
shape, sneh as the kidneys, are retroperitoneal, whereas viseera 
that nndergo marked ehanges in shape owing to fllling, emp- 
tying, and peristalsis, sneh as the stomaeh, are invested with 
viseeral peritonenm. Intraperitoneal viseera with a mesentery, 
sneh as most of the small intestine, are mobile, the degree of 
which varies with the length of the mesentery. Althongh the 
liver and spleen do not ehange shape as a resnlt of intrinsie aetiv- 
ity (althongh they may slowly ehange in size when engorged 
with blood), their need for a eovering of viseeral peritonenm is 
dietated by the need to aeeommodate passive ehanges in posi- 
tion imposed by the adjaeent, highly aetive diaphragm. 

As organs protrnde into the peritoneal sae, their vessels, 
nerves, and lymphaties remain eonneeted to their extraperi- 
toneal (nsnally retroperitoneal) sonrees or destinations so 
that these eonneeting strnetnres lie between the layers of the 
peritonenm forming their mesenteries. Initially, the entire 
primordial gnt is snspended in the eenter of the peritoneal 
eavity by a posterior mesentery attaehed to the midline of the 
posterior body wall. As the organs grow, they gradnally rednee 
the size of the peritoneal eavity nntil it is only a potential spaee 
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FIGIJRE 2.24. Migration and fusion of deseending mesoeolon. Starting from the primordial position, suspended from the midline of the posterior 
abdominal wall (A), the mesoeolon shifts to the left (B) and gradually ftjses with the left posterior parietal peritoneum (C). D. The deseending eolon has 
beeome seeondarily retroperitoneal. The cirrow indieates the left paraeolie gutter, the site where an ineision is made during mobilization of the eolon during 
surgery. Sometimes the deseending eolon retains a short mesentery, similar to the stage shown in C, espeeially where the eolon is in the iliae fossa. 
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between the parietal and viseeral layers of peritonenm. As a 
eonsequence, several parts of the gnt eome to lie against the 
posterior abdominal wall, and their posterior mesenteries 
beeome gradnally redneed beeanse of pressnre from overly- 
ing organs (Fig. 2.24). For example, dnring development, the 
growing eoiled mass of small intestine pnshes the part of the 
gnt that will beeome the deseending eolon to the left side and 
presses its mesentery against the posterior abdominal wall. 
The mesentery is held there nntil the layer of peritonenm 
that formed the left side of the mesentery and the part of the 
viseeral peritonenm of the eolon lying against the body wall 
fnse with the parietal peritonenm of the body wall. As a resnlt, 
the eolon beeomes fixed to the posterior abdominal wall on 
the left side with peritonenm eovering only its anterior aspeet. 
The deseending eolon (as well as the aseending eolon on the 
right side) has thns beeome seeondarìly retroperitoneal, hav- 
ing onee been intraperitoneal (Moore et al., 2012). 

The layers of peritonenm that fnsed now form a fiision 
faseia, a eonneetive tissne plane in which the nerves and 
vessels of the deseending eolon eontinne to lie. Thns, the 
deseending eolon of the adnlt ean be freed from the posterior 
body wall (snrgieally mobilized) by ineising the peritonenm 
along the lateral border of the deseending eolon and then 
blnntly disseeting along the plane of the fnsion faseia, elevat- 
ing the nenrovasenlar strnetnres from the posterior body 
wall nntil the midline is reaehed. The aseending eolon ean 
be similarly mobilized on the right side. 

Several parts of the gastrointestinal traet and assoeiated 
organs beeome seeondarily retroperitoneal (e.g., most of the 
dnodennm and panereas as well as the aseending and deseend- 
ing parts of the eolon). They are eovered with peritonenm only 
on their anterior snrfaee. Other parts of the viseera (e.g., the 
sigmoid eolon and spleen) retain a relatively short mesentery. 
However, the roots of the short mesenteries do not remain 
attaehed to the midline bnt shift to the left or right by a fnsion 
proeess like that deseribed for the deseending eolon. 

Peritoneal Formations 

The peritoneal eavity has a complex shape. Some of the faets 
relating to this inelnde the following: 

• The peritoneal eavity honses a great length of gnt, most of 
which is eovered with peritonenm. 

• Extensive eontinnities are required between the parietal 
and viseeral peritonenm to eonvey the neeessary nenro- 
vasenlar strnetnres from the body wall to the viseera. 

• Althongh the volnme of the abdominal eavity is a fraetion 
of the body’s volnme, the parietal and viseeral peritonenm 
lining the peritoneal eavity within it have a mneh greater 
snrfaee area than the body’s onter snrfaee (skin); there- 
fore, the peritonenm is highly eonvolnted. 

Varions terms are nsed to deseribe the parts of the peri- 
tonenm that eonneet organs with other organs, or to the 
abdominal wall, and the eompartments and reeesses that are 
formed as a consequence. 


A mesentery is a donble layer of peritonenm that oeenrs 
as a resnlt of the invagination of the peritonenm by an organ 
and eonstitntes a eontinnity of the viseeral and parietal peri- 
tonenm. It provides a means for nenrovasenlar eommnniea- 
tions between the organ and the body wall (Fig. 2.25A & E). 
A mesentery eonneets an intraperitoneal organ to the body 
wall—nsnally the posterior abdominal wall (e.g., mesentery of 
the small intestine). 

The small intestine mesentery is nsnally referred to 
simply as “the mesentery”; however, mesenteries related to 
other speeifie parts of the alimentary traet are named aeeord- 
ingly—for example, the transverse and sigmoid mesoeolons 
(Fig. 2.25B), mesoesophagns, mesogastrinm, and meso- 
appendix. Mesenteries have a eore of eonneetive tissne eon- 
taining blood and lymphatie vessels, nerves, lymph nodes, 
and fat (see Fig. 2.48A). 

An omentnm is a donble-layered extension or fold of peri- 
tonenm that passes from the stomaeh and proximal part of the 
dnodennm to adjaeent organs in the abdominal eavity (Fig. 2.25). 

• The greater omentnm is a prominent, fonr-layered 
peritoneal fold that hangs down like an apron from the 
greater enrvatnre of the stomaeh and the proximal part 
of the dnodennm (Fig. 2.25A, C, & E). After deseending, 
it folds baek and attaehes to the anterior snrfaee of the 
transverse eolon and its mesentery. 

• The lesser omentnm is a mneh smaller, donble-layered 
peritoneal fold that eonneets the lesser enrvatnre of the 
stomaeh and the proximal part of the dnodennm to the 
liver (Fig. 2.25B & D). It also eonneets the stomaeh to a 
triad of strnetnres that rnn between the dnodennm and 
liver in the free edge of the lesser omentnm (Fig. 2.23). 

A peritoneal ligament eonsists of a donble layer of perito- 
nenm that eonneets an organ with another organ or to the 
abdominal wall. 

The liver is eonneeted to the: 

• Anterior abdominal wall by tìiìefaleiform ligament (Fig. 2.26). 

• Stomaeh by the hepatogastrie ligament, the membra- 
nons portion of the lesser omentnm. 

• Dnodennm by the hepatodnodenal ligament, the 
thiekened free edge of the lesser omentnm, which eon- 
dnets the portal triad: portal vein, hepatie artery, and bile 

dnet (Figs. 2.23 and 2.26). 

The hepatogastrie and hepatodnodenal ligaments are eon- 
tinnons parts of the lesser omentnm and are separated only 
for deseriptive eonvenienee. 

The stomaeh is eonneeted to the: 

• Inferior snrfaee of the diaphragm by the gastrophrenie 
ligament. 

• Spleen by the gastrosplenie ligament, which refieets to 
the hilnm of the spleen. 

• Transverse eolon by the gastroeolie ligament, the 
apron-like part of the greater omentnm, which deseends 
from the greater enrvatnre, tnrns nnder, and then aseends 
to the transverse eolon. 
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FIGITRE 2.25. Prineipal formations of peritoneum. A. In this opened peritoneal eavity, parts ofthe greater omentum, transverse eolon, and the small 
intestine and its mesentery have been cut avvay to reveal deep structures and the layers ofthe mesenterie structures. The mesentery ofthe jejunum and ileum 
(small intestine) and sigmoid mesoeolon have been cut elose to their parietal attaehments. B. This median seetion of the abdominopelvie eavity of a male 
shovvs the relationships of the peritoneal attaehments. C. The greater omentum is shovvn in its “normal” position, eovering most of the abdominal viseera. 
D. The lesser omentum, attaehing the liver to the lesser curvature of the stomaeh, is shovvn by refìeeting the liver and gallbladder superiorly. The greater 
omentum has been removed from the greater curvature of the stomaeh and transverse eolon to reveal the intestines. E. The greater omentum has been 
refìeeted superiorly, and the small intestine has been retraeted to the right side to reveal the mesentery of the small intestine and the transverse mesoeolon. 


All these stmctures have a continuous attaehment along 
the greater curvature of the stomaeh, and are all part of the 
greater omentnm, separated only for deseriptive pnrposes. 

Althongh intraperitoneal organs may be almost entirely 
eovered with viseeral peritonenm, every organ mnst have 
an area that is not eovered to allow the entranee or exit 
of neurovascular strnetnres. Such areas are ealled bare 
areas, formed in relation to the attaehments of the peri- 
toneal formations to the organs, inelnding mesenteries. 


omenta, and ligaments that eonvey the neurovascular 
structures. 

A peritoneal fold is a refleetion of peritonenm that is 
raised from the body wall by nnderlying blood vessels, ducts, 
and ligaments formed by obliterated fetal vessels (e.g., the 
nmhilieal folds on the internal snrfaee of the anterolateral 
abdominal wall, Fig. 2.13). Some peritoneal folds eontain 
blood vessels and bleed if cut, such as the lateral umbilical 
folds, which eontain the inferior epigastrie arteries. 
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FIGIJRE 2.26. Parts of greater and lesser omenta. The liver and gallbladder have been refìeeted superiorly. The eentral part ofthe greater omentum has 
been cut outto show its relation to the transverse eolon and mesoeolon. The term greater omentum is often used as a synonym forthe gastroeolie ligament, 
but it actually also includes the gastrosplenie and gastrophrenie ligaments, all of which have a continuous attaehment to the greater curvature of the 
stomaeh. The hepatoduodenal ligament (free edge of lesser omentum) eonveys the portal triad: hepatie artery, bile duct, and portal vein. 


A peritoneal reeess, or fossa, is a pouch of peritoneum 
that is formed by a peritoneal fold (e.g., the inferior reeess of 
the omental bursa betvveen the layers of the greater omen- 
tum, and the snpravesieal and nmbilieal fossae betvveen the 
nmbilieal folds; see Fig. 2.13). 

Subdìvìsìons of Perìtoneal Gavìty 

After the rotation and development of the greater eurvature 
of the stomaeh during development (see the blue box “Brief 
Revievv of the Embryologieal Rotation of Midgut,” p. 258), the 
peritoneal eavity is divided into the greater and lesser peritoneal 
saes (Fig. 2.27A). The greatersae is the main and larger part of 
the peritoneal eavity. A snrgieal ineision throngh the anterolat- 
eral abdominal vvall enters the greater sae. The omental hursa 
(lesser sae) lies posterior to the stomaeh and lesser omentnm. 

The transverse mesoeolon (mesentery of the transverse 
eolon) divides the abdominal eavity into a snpraeolie eom- 
partment, eontaining the stomaeh, liver, and spleen, and an 
infraeolie eompartment, eontaining the small intestine and 
aseending and deseending eolon. The infraeolie eompartment 
lies posterior to the greater omentnm and is divided into right 


and left infraeolie spaees by the mesentery ofthe small intestine 
(Fig. 2.27B). Free eommnnieation oceurs betvveen the supra- 
eolie and the infraeolie eompartments throngh the paraeolie 
gntters, the grooves betvveen the lateral aspeet of the aseending 
or deseending eolon and the posterolateral abdominal vvall. 

The omental bnrsa is an extensive sae-like eavity that 
lies posterior to the stomaeh, lesser omentnm, and adjaeent 

structures (Figs. 2.23, 2.27A, and 2.28). The omental bursa 

has a snperior reeess, limited superiorly by the diaphragm 
and the posterior layers of the eoronary ligament of the liver, 
and an inferior reeess betvveen the snperior parts of the layers 
of the greater omentnm (Figs. 2.26 and 2.28A). 

The omental bursa permits free movement of the stom- 
aeh on the struetures posterior and inferior to it beeanse 
the anterior and posterior vvalls of the omental bursa slide 
smoothly over eaeh other. Most of the inferior reeess of the 
bursa beeomes sealed off from the main part posterior to the 
stomaeh after adhesion of the anterior and posterior layers of 
the greater omentnm (Fig. 2.28B). 

The omental bursa eommunicates vvith the greater sae 
throngh the omental foramen (epiploie foramen), an open- 
ing sitnated posterior to the free edge of the lesser omentnm 
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FIGIJRE 2.27. Subdivisions of peritoneal eavity. A. This median seetion ofthe abdominopelvie eavity shovvs the subdivisions ofthe peritoneal eavity. 
B. The supracolic and infraeolie eompartments of the greater sae are shown after removal of the greater omentum. The infraeolie spaees and paraeolie 
gutters determine the fìow of aseitie fìuid {cirrows) when inelined or upright. 


(hepatoduodenal ligament). The omental foramen ean be 
loeated by mnning a finger along the gallbladder to the free edge 
of the lesser omentum (Fig. 2.29). The omental foramen usually 
admits two fingers. The honndaries of the omental foramen are 


• Anteriorly: the hepatodnodenal ligament (free edge 
of lesser omentnm), eontaining the hepatie portal vein, 
hepatie artery, and bile duet (Figs. 2.23 and 2.26). 
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FIGIJRE 2.28. Walls and reeesses of 
omental bursa. A. This seetion shows that 
the omental bursa is an isolated part of 
the peritoneal eavity, lying dorsal to the 
stomaeh and extending superiorly to the 
liverand diaphragm (superior reeess) and 
inferiorly between the layers of the greater 
omentum (inferior reeess). B. This seetion 
shows the abdomen after fijsion of the lay- 
ers of the greater omentum. The inferior 
reeess now extends inferiorly only as far as 
the transverse eolon. The red arrows pass 
from the greater sae through the omental 
foramen into the omental bursa. 
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FIGIJRE 2.29. Omental (epìploie) foramen and omental bursa. The index finger is passing from the greater sae through the omental foramen into the 
omental bursa (lesser sae). The hepatoduodenal ligament is being pinehed betvveen thumb and index finger, vvhieh vvould eompress the structures of the 
portal triad (portal vein, hepatie artery, and bile duct). 


• Posteriorly: the IVC and a mnsenlar band, the right erns 
of the diaphragm, eovered anteriorly with parietal perito- 
nenm. (They are retroperitoneal.) 


• Snperiorly: the liver, eovered with viseeral peritonenm 

(Figs. 2.28 and 2.29). 

• Infenorly: the snperior or first part of the dnodennm. 


PERITONEUM AND 
PERITONEAL GAVITY 



Pateney and Bloekage of IJterìne Tnbes 

While theoretieally it is possible for organisms to 
enter the female peritoneal eavity direetly via the 
nterine tnbes, sneh primary peritonitis is rare, bear- 
ing testimony to the effeetiveness of the proteetive meeha- 
nisms of the female reprodnetive traet. A primary meehanism 
in preventing sneh infeetion is a mueous plug that effeetively 
bloeks the external os (opening) of the nterns to most patho- 
gens, bnt not to sperms. The pateney of the nterine tuhes ean 
be tested elinieally by means of a teehnique in which air or 
radiopaque dye is injeeted into the nterine eavity, from which 
it normally flows throngh the nterine tnbes into the peritoneal 
eavity (hysterosalpingography; see Ghapter 3 for more details). 


(laparotomy) than they do with small laparoseopie ineisions or 
vaginal operations. 

It is the eovering of peritonenm (often referred to elini- 
eally as the serosa) that makes watertight end-to-end anasto- 
moses of intraperitoneal organs, sneh as the small intestine, 
relatively easy to aehieve. It is more diffienlt to aehieve water- 
tight anastomoses of extraperitoneal strnetnres that have an 
onter adventitial layer, sneh as the thoraeie esophagns. 

Beeanse of the high ineidenee of eomplieations sneh as 
peritonitis and adhesions (see the blne box 'Teritoneal Adhe- 
sions and Adhesiotomy,” p. 225) after operations in which 
the peritoneal eavity is opened, efforts are made to remain 
ontside the peritoneal eavity whenever possible (e.g., trans- 
Inmbar or extraperitoneal anterior approaeh to the kidneys). 
When opening the peritoneal eavity is neeessary, great effort 
is made to avoid eontamination of the eavity. 


The Peritoneum and 
Surgìcal Procedures 



Beeanse the peritonenm is well innervated, patients 
nndergoing abdominal snrgery experience more pain 
with large, invasive, open ineisions of the peritonenm 


Peritonitis and Aseites 


When baeterial eontamination oeenrs dnring lapa- 
rotomy, or when the gnt is tranmatieally penetrated or 
mptnred as the resnlt of infeetion and inflammation 


e.g., appendieitis), allowing gas, feeal matter, and baeteria to 



enter the peritoneal eavity, the resnlt is infeetion and 
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inflammation of the peritonenm— peritonitis. Exudation of 
sernm, flbrin, eells, and pns into the peritoneal eavity oeenrs, 
aeeompanied by pain in the overlying skin and an inerease in 
the tone of the anterolateral abdominal mnseles. Given the 
extent of the peritoneal snrfaees and the rapid absorption of 
material, inelnding baeterial toxins, from the peritoneal eavity, 
when a peritonitis beeomes generalized (widespread in the 
peritoneal eavity), the eondition is dangerons and perhaps 
lethal. In addition to the severe abdominal pain, tenderness, 
nansea and/or vomiting, fever, and eonstipation are present. 

General peritonitis also oeenrs when an nleer perforates 
the wall of the stomaeh or dnodennm, spilling aeid eontent 
into the peritoneal eavity. Excess flnid in the peritoneal eavity 
is ealled aseitie flnid. The elinieal eondition in which one has 
aseitie flnid is referred to as aseites. Aseites may also oeenr as 
a resnlt of meehanieal injnry (which may also prodnee inter- 
nal bleeding) or other pathologieal eonditions, sneh as portal 
hypertension (venons eongestion), widespread metastasis of 
eaneer eells to the abdominal viseera, and starvation (when 
plasma proteins fail to be prodneed, altering eoneentration 
gradients and prodneing a paradoxically protnberant abdo- 
men). In all these eases, the peritoneal eavity may be dis- 
tended with several liters of abnormal flnid, interfering with 
movements of the viseera. 

Rhythmie movements of the anterolateral abdominal wall 
normally aeeompany respirations. If the abdomen is drawn in 
as the ehest expands {paradoxieal ahdominothoraeie rhythm) 
and mnsele rigidity is present, either peritonitis or pnenmo- 
nitis (inflammation of the Inngs) may be present. Beeanse the 
intense pain worsens with movement, people with peritonitis 
eommonly lie with their knees flexed to relax their antero- 
lateral abdominal mnseles. They also breath shallowly (and 
henee more rapidly), redneing the intra-abdominal pressnre 
and pain. 


Peritoneal Adhesions and 
Adhesiotomy 



If the peritonenm is damaged, by a stab wound 
for example, or infeeted, the peritoneal snrfaees 
beeome inflamed, making them stieky withyifonn. 
As healing oeenrs, the flbrin may be replaeed with flbrons 
tissne, forming abnormal attaehments between the vis- 
eeral peritonenm of adjaeent viseera, or between the vis- 
eeral peritonenm of an organ and the parietal peritonenm 
of the adjaeent abdominal wall. Adhesions (sear tissne) 
may also form after an abdominal operation (e.g., owing to 
a rnptnred appendix) and limit the normal movements of 
the viseera. This tethering may eanse ehronie pain or 
emergeney eomplieations sneh as intestinal obstrnetion 
when the intestine beeomes twisted aronnd an adhesion 
(volvnlns). 

Adhesiotomy refers to the snrgieal separation of adhe- 
sions. Adhesions are often fonnd dnring disseetion of eadav- 
ers (see the adhesion binding the spleen to the diaphragm in 

Eig. 2.39B, for example). 



Abdominal Paraeentesis 

Treatment of generalized peritonitis inelndes 
removal of the aseitie flnid and, in the presenee 
of infeetion, administration of large doses of 
antibioties. Oeeasionally, more loealized aeenmnlations of 
flnid may have to be removed for analysis. Snrgieal pnne- 
tnre of the peritoneal eavity for the aspiration or drainage 
of flnid is ealled paraeentesis. After injeetion of a loeal 
anesthetie agent, a needle or troear and a eannnla are 
inserted throngh the anterolateral abdominal wall into 
the peritoneal eavity throngh the linea alba, for example. 
The needle is inserted snperior to the empty nrinary 
bladder, in a loeation that avoids the inferior epigastrie 
artery. 



Intraperitoneal injeetìon 
and Perìtoneal Dìalysìs 

The peritonenm is a semipermeable membrane 
with an extensive snrfaee area, mneh of which (snb- 
diaphragmatie portions in partienlar) overlies blood 
and lymphatie eapillary beds. Therefore, flnid injeeted into 
the peritoneal eavity is absorbed rapidly. Eor this reason, 
anesthetie agents, sneh as solntions of barbitnrate eom- 
ponnds, may be injeeted into the peritoneal eavity by intra- 
peritoneal (I.P.) injeetion. 

In renal failnre, waste prodnets sneh as nrea aeenmnlate 
in the blood and tissnes and nltimately reaeh fatal levels. 
Peritoneal dialysis may be performed in which solnble snb- 
stanees and excess water are removed from the system by 
transfer aeross the peritonenm, nsing a dilnte sterile soln- 
tion that is introdneed into the peritoneal eavity on one side 
and then drained from the other side. Diffnsible solntes 
and water are transferred between the blood and the peri- 
toneal eavity as a resnlt of eoneentration gradients between 
the two flnid eompartments. Peritoneal dialysis is nsnally 
employed only temporarily, however. Eor the long term, it 
is preferable to nse direet blood flow throngh a renal dialy- 
sis maehine. 


Functions of Greater Omentum 



The greater omentnm, large and fat laden, prevents 
the viseeral peritonenm from adhering to the pari- 
etal peritonenm. It has eonsiderable mobility and 
moves aronnd the peritoneal eavity with peristaltie move- 
ments of the viseera. It often forms adhesions adjaeent to an 
inflamed organ, sneh as the appendix, sometimes walling it 
off and thereby proteeting other viseera from it. Thns, it is 
eommon when entering the abdominal eavity, in either dis- 
seetion or snrgery, to flnd the omentnm markedly displaeed 
from the “normal” position in which it is almost always 
depieted in anatomieal illnstrations. The greater omentnm 
also enshions the abdominal organs against injnry and forms 
insnlation against loss of body heat. 
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Abseess Formation 

Perforation of a dnodenal nleer, rnptnre of the gall- 
bladder, or perforation of the appendix may lead to 
the formation of a an ahseess (eirenmseribed eollee- 
tion of pnrnlent exudate, i.e., pns) in the snbphrenie reeess. 
The abseess may be walled inferiorly by adhesions (see the blne 
box “Snbphrenie Abseesses,” p. 283). 



Spread of Pathologieal Flnids 

Peritoneal reeesses are of elinieal importanee in eon- 
neetion with the spread of pathologieal flnids sneh as 
pns, a prodnet of inflammation. The reeesses deter- 
mine the extent and direetion of the spread of flnids that may 
enter the peritoneal eavity when an organ is diseased or injnred. 




Flow of Aseitie Fluid and Pus 

The paraeolie gntters are of elinieal importanee 
beeanse they provide pathways for the flow of aseitie 
flnid and the spread of intraperitoneal infeetions 
(Fig. 2.27B). Pnrnlent material (eonsisting of or eontaining 
pns) in the abdomen ean be transported along the paraeolie 
gntters into the pelvis, espeeially when the person is npright. 
Thns, to faeilitate the flow of exudate into the pelvie eavity 
where absorption of toxins is slow, patients with peritonitis 
are often plaeed in the sitting position (at least a 45° angle). 
Gonversely, infeetions in the pelvis may extend snperiorly to 
a snbphrenie reeess sitnated nnder the diaphragm (see the 
blne box “Snbphrenie Abseesses,” p. 283), espeeially when 
the person is snpine. Similarly, the paraeolie gntters provide 
pathways for the spread of eaneer eells that have slonghed 


from the nleerated snrfaee of a tnmor and entered the peri- 
toneal eavity. 


Fluid in Omental Bursa 


Perforation of the posterior wall of the stomaeh resnlts 
in the passage of its flnid eontents into the omental 
bnrsa. An inflamed or injnred panereas ean also resnlt 
in the passage of panereatie flnid into the bnrsa, forming a pan- 
ereatie pseudo-eyst. 



Intestine in Omental Bursa 

Althongh nneommon, a loop of small intestine may 
pass throngh the omental foramen into the omental 
bnrsa and be strangnlated by the edges of the fora- 
men. As none of the bonndaries of the foramen ean be ineised 
beeanse eaeh eontains blood vessels, the swollen intestine mnst 
be deeompressed nsing a needle so it ean be retnmed to the 
greater sae of the peritoneal eavity throngh the omental foramen. 




Severanee of Gystie Artery 

The eystie artery mnst be ligated or elamped and then 
severed dnring eholeeysteetomy, removal of the gall- 
bladder. Sometimes, however, the artery is aeeiden- 
tally severed before it has been adequately ligated. The snrgeon 
ean eontrol the hemorrhage by eompressing the hepatie artery 
as it traverses the hepatodnodenal ligament. The index flnger is 
plaeed in the omental foramen and the thnmb on its anterior 
wall (Fig. 2.29). Alternate eompression and release of pressnre 
on the hepatie artery allows the snrgeon to identify the bleeding 
artery and elamp it. 


The Bottom Lìne 

PERITONEUM, PERITONEAL GAVITY, AND PERITONEAL FORMATIONS 


Perìtoneum and perìtoneal eavìty: The peritoneum is a 
continuous, serous membrane that lines the abdominopelvie 
eavity (the parietal peritoneum) and the eontained viseera (the 
viseeral peritoneum). ♦ The eollapsed peritoneal eavity between 
the parietal and viseeral peritoneum normally eontains only 
enough peritoneal fluid (about 50 mL) to lubricate the inner 
surface of the peritoneum. This arrangement allows the gut the 
freedom of movement required for alimentation (digestion). 

♦ Adhesions formed as a result of infeetion or injury interfere 
with these movements. ♦ The parietal peritoneum is a sensitive, 
semipermeable membrane, with blood and lymphatie eapillary 
beds espeeially abundant deep to its subdiaphragmatic surface. 

Perìtoneal formatìons and subdìvìsìons of perìtoneal 
eavìty: Continuities and eonneetions between the viseeral 
and parietal peritoneum occur where the gut enters and exits 
the abdominopelvie eavity. ♦ Parts of the peritoneum also 


occur as double folds (mesenteries and omenta, and subdivi- 
sions ealled ligaments) that eonvey neurovascular structures 
and the ducts of aeeessory organs to and from the viseera. 

♦ Peritoneal ligaments are named forthe particular structures 
eonneeted by them. ♦ As a result ofthe rotation and exuber- 
ant growth ofthe intestine during development, the disposi- 
tion of the peritoneal eavity beeomes complex. The main part 
of the peritoneal eavity (greater sae) is divided by the trans- 
verse mesoeolon into supracolic and infraeolie eompartments. 

♦ A smaller part of the peritoneal eavity, the omental bursa 
(lesser sae) lies posterior to the stomaeh, separating it from 
retroperitoneal viseera on the posterior wall. It communicates 
with the greater sae via the omental foramen. ♦ The complex 
disposition of the peritoneal eavity determines the flow and 
pooling of excess (aseitie) fluid occupying the peritoneal eavity 
during pathologieal eonditions. 
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ABDOMINAL VISGERA 


Overview of Abdominal Viseera 
and Digestive Traet 

The viseera of the abdomen eomprise the majority of the ali- 
mentary system: are the terminal part of the esophagns and the 
stomaeh, intestines, spleen, panereas, liver, gallbladder, kid- 


neys, and snprarenal glands (Figs. 2.30 and 2.31). When the 
abdominal eavity is opened to stndy these organs, it beeomes 
evident that the liver, stomaeh, and spleen almost fill the domes 
of the diaphragm. Beeanse they indent the thoraeie eavity, 
they reeeive proteetion from the lower thoraeie eage. It is also 
evident that the faleiform lìgament normally attaehes along a 
eontinnons line to the anterior abdominal wall as far inferiorly 
as the nmbiliens. It divides the liver snperfieially into right and 
left lobes. The fat-laden greater omentnm, when in its typieal 
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FIGIJRE 2.30. Overview of thoraeie and abdominal viseera. A and B. Some abdominal organs extend superiorly into the thoraeie eage and are proteeted 
by it. Partially proteeted by the lowest ribs, the right kidney is lower than the left kidney, owing to the mass of the liver on the right side. A large part of the 
small intestine is in the pelvis. 
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FIGIJRE 2.31. Abdominal eontents in situ and in relation to alimentary system. A. The undisturbed abdominal eontents are shown. The anterior abdom- 
inal and thoraeie walls are cut away. The faleiform ligament is severed at its attaehment to the anterior abdominal wall. B. Overview of alimentary system, 
eonsisting ofthe digestive traet from the mouth to the anus, with all of its aeeessory glands and organs. 


position, eoneeals almost all of the intestine. The gallbladder 
projeets inferior to the sharp border of the liver (Fig. 2.31A). 

Food passes from the month and pharynx throngh the 
esophagas to the stomaeh, where it mixes with gastrie seere- 
tions (Fig. 2.31B). Digestion mostly oeenrs in the stomaeh 
and dnodennm. Peristalsis, a series of ring-like eontraetion 
waves, begins aronnd the middle of the stomaeh and moves 
slowly toward the pyloras. It is responsible for mixing the 
mastieated (ehewed) food mass with gastrie jniees and for 
emptying the eontents of the stomaeh into the dnodennm. 

Absorption of ehemieal eomponnds oeenrs prineipally in 
the small intestine, a eoiled 5- to 6-m-long tnbe (shorter in 
life, when tonns is present, than in the eadaver) eonsisting of 
the dnodennm, jejnnnm, and ilenm. Peristalsis also oeenrs in 
the jejnnnm and ilenm; however, it is not foreefnl nnless an 
obstrnetion is present. The stomaeh is eontinnons with the 
dnodennm, whieh reeeives the openings of the dnets from the 
panereas and liver, the major glands of the alimentary system. 


The large intestine eonsists of the eeenm (which reeeives 
the terminal part of the ilenm), appendix, eolon (aseend- 
ing, transverse, deseending, and sigmoid), reetnm, and anal 
eanal. Most reabsorption of water oeenrs in the aseending 
eolon. Feees form in the deseending and sigmoid eolon and 
aeenmnlate in the reetnm before defeeation. The esopha- 
gns, stomaeh, and small and large intestines eonstitnte the 
gastrointestinal traet and are derived from the primordial 
foregat, midgat, and hindgat. 

The arterial snpply to the abdominal part of the alimen- 
tary system is from the ahdominal aorta. The three major 
branehes of the aorta snpplying it are the eeliae trank and the 
snperior and inferior mesenterie arteries (Fig. 2.32A). 

The hepatie portal vein is formed by the nnion of the supe- 
rior mesenterie and splenie veins (Fig. 2.32B). It is the main 
ehannel of the portal venons system, which eolleets blood 
from the abdominal part of the alimentary traet, panereas, 
spleen, and most of the gallbladder, and earries it to the liver. 
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FIGITRE 2.32. Arterial supply and venous drainage of abdominal parts of alimentary system. A. The arterial supply is demonstrated. The three unpaired 
branehes of the abdominal aorta supply, in succession, the derivatives of the foregut, midgut, and hindgut. B. The venous drainage is shown. The nutrient- 
rieh blood from the gastrointestinal traet and that from the spleen, panereas, and gallbladder all drain to the liver via the portal vein. The blackarrow indi- 
eates the communication ofthe esophageal vein with the azygos (systemie) venous system. 































Chapter2 Abdomen 


229 


Esophagus 

The esophagus is a muscular tube (approximately 25 cm 
[10 in] long) with an average diameter of 2 cm that eon- 
veys food from the pharynx to the stomaeh (Fig. 2.33A). 
As seen dnring flnoroseopy (x-ray, using a flnoroseope) 
after a barium swallow (Fig. 2.34), the esophagus normally 
has three eonstrietions where adjaeent structures produce 
impressions: 

• Gervieal eonstrietion (upper esophageal sphineter); 
at its beginning at the pharyngoesophageal jnnetion, 

approximately 15 em from the ineisor teeth; eansed by the 
erìeopharyngens masele (see Ghapter 8). 

• Thoraeie (hroneho-aortie) eonstrietion; a eomponnd 
eonstrietion where it is flrst erossed by the areh of the 
aorta, 22.5 em from the ineisor teeth, and then where it 
is erossed by the left main bronehns, 27.5 em from the 


ineisor teeth; the former is seen in anteroposterior views, 
the latter in lateral views. 

• Diaphragmatie eonstrietion; where it passes throngh 
the esophageal hiatns of the diaphragm, approximately 40 
em from the ineisor teeth (Fig. 2.33A). 

Awareness of these eonstrietions is important when passing 
instrnments throngh the esophagns into the stomaeh, and 
when viewing radiographs of patients who are experiencing 
dysphagia (difflenlty in swallowing). 

The esophagns: 

• Follows the curve of the vertebral column as it deseends 
throngh the neek and mediastinnm—the median partition 

of the thoraeie eavity (Fig. 2.33A). 

• Has internal eirenlar and external longitndinal layers of 
mnsele (Fig. 2.33B). In its snperior third, the external 
layer eonsists of volnntary striated mnsele; the inferior 
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FIGIJRE 2.33. The esophagus and its relationships. A. This vievv shows the full length of the esophagus and structures related to it. The esophagus begins 
at the level of the erieoid eartilage and deseends posterior to the traehea. It leaves the thorax through the esophageal hiatus of the diaphragm. B. The 
transverse seetion of the esophagus shows the double muscular and plieated mucosal layers of its wall. C. A eoronal seetion of the inferior esophagus, dia- 
phragm, and superior stomaeh is shown. The phrenieoesophageal ligament eonneets the esophagus fìexibly to the diaphragm; it limits upward movement of 
the esophagus while permitting some movement during swallowing and respiration. 
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FIGIJRE 2.34. Radìograph of esophagus after swallowìng barìum meal. 

This left posterior oblique (LPO) view demonstrates two ofthe three 
normal “eonstrietions” (impressions) caused by the areh ofthe aorta and 
left main bronchus. The phrenie ampulla, which is seen only radiographi- 
eally, is the distensible part of the esophagus superior to the diaphragm. 
(Courtesy of Dr. E. L. Lansdown, Professor of Medieal Imaging, Llniversity 
ofToronto, Toronto, ON, Ganada.) 


third is eomposed of smooth muscle, and the middle third 
is made up of both types of muscle. 

• Passes through the elliptieal esophageal hiatns in the mus- 
cular right erus of the diaphragm, just to the left of the 
median plane at the level of the TIO vertebra. 

• Terminates by entering the stomaeh at the eardial orifiee 
of the stomaeh (Fig. 2.33C) to the left of the midline at the 
level of the 7th left eostal eartilage and Tll vertebra. 

• Is eneireled by the esophageal (nerve) plexus distally 

(Fig. 2.35). 

Food passes through the esophagus rapidly because of the 
peristaltie aetion of its musculature, aided by but not depen- 
dent on gravity (one ean still swallow if inverted). The esoph- 
agus is attaehed to the margins of the esophageal hiatns in 
the diaphragm by the phrenieo-esophageal ligament 
(Fig. 2.33C), an extension of inferior diaphragmatie faseia. 
This ligament permits independent movement of the dia- 
phragm and esophagns dnring respiration and swallowing. 

The trnmpet-shaped ahdominal part of the eso ph a- 
gus, only 1.25 em long, passes from the esophageal hiatns 
in the right crus of the diaphragm to the eardial orifiee of 
the stomaeh, widening as it approaehes, passing anteriorly 
and to the left as it deseends inferiorly. Its anterior snrfaee is 
eovered with peritonenm of the greater sae, continuous with 
that eovering the anterior snrfaee of the stomaeh. It fits into 
a groove on the posterior (viseeral) snrfaee of the liver. 


The posterior snrfaee of the abdominal part of the esopha- 
gus is eovered with peritoneum of the omental bursa, continu- 
ous with that eovering the posterior snrfaee of the stomaeh. 
The right border of the abdominal esophagns is continuous 
with the lesser curvature of the stomaeh; however, its left bor- 
der is separated from the fundus of the stomaeh by the eardial 
noteh between the esophagns and fundus (Fig. 2.37A). 

The esophagogastrie junction lies to the left of the 
Tll vertebra on the horizontal plane that passes throngh 
the tip of the xiphoid proeess. Snrgeons and endoseopists 
designate the Z-line (Fig. 2.33C), a jagged line where the 
mneosa abrnptly ehanges from esophageal to gastrie mneosa, 
as the jnnetion. Immediately snperior to this jnnetion, the 
diaphragmatie musculature forming the esophageal hiatns 
fnnetions as a physiologieal inferior esophageal sphineter 
that eontraets and relaxes. Radiologie stndies show that food 
stops here momentarily and that the sphineter meehanism 
is normally effieient in preventing refiux of gastrie eontents 
into the esophagns. When one is not eating, the lumen of 
the esophagns is normally eollapsed snperior to this level to 
prevent food or stomaeh jniees from regnrgitating into the 
esophagns. 

Details eoneerning the neurovasculature of the eervi- 
eal and thoraeie portions of the esophagns are provided in 
ehapters 1 and 8. The arterial snpply of the abdominal part of 
the esophagns is from the left gastrie artery, a braneh of the 
eeliae trunk, and the left inferior phrenie artery (Fig. 2.32A). 
The venons drainage from the snhmneosal veins of this part 
of the esophagns is both to the portal venons system throngh 
the left gastrie vein (Fig. 2.32B) and into the systemie venons 
system throngh esophageal veins entering the azygos vein. 

The lymphatie drainage of the abdominal part of the 
esophagns is into the left gastrie lymph nodes (Fig. 2.35); 
efferent lymphatie vessels from these nodes drain mainly to 
eeliae lymph nodes. 

The esophagns is innervated by the esophageal plexus, 
formed by the vagal tranks (beeoming anterior and poste- 
rior gastrie branehes), and the thoraeie sympathetie tranks 
via the greater (ahdominopelvie) splanehnie nerves and peri- 
arterial plexuses aronnd the left gastrie and inferior phrenie 
arteries. (See also “Snmmary of Innervation of Abdominal 
Viseera,” p. 300.) 

Stomaeh 

The stomaeh is the expanded part of the digestive traet 
between the esophagns and small intestine (Fig. 2.31B). It 
is speeialized for the accumulation of ingested food, which it 
ehemieally and meehanieally prepares for digestion and pas- 
sage into the duodenum. The stomaeh aets as a food blender 
and reservoir; its ehief hmetion is enzymatie digestion. The 
gastriejniee gradnally eonverts a mass of food into a semiliq- 
uid mixture, ehyme (G. juice), which passes fairly quickly into 
the duodenum. An empty stomaeh is only of slightly larger 
ealiber than the large intestine; however, it is eapable of eon- 
siderable expansion and ean hold 2-3 L of food. 
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FIGITRE 2.35. Nerves and lymphaties of abdominal esophagus and stomaeh. The vagus nerves (CN X) divide into branehes that form the esophageal 
(nerve) plexus around the inferior esophagus. Anterior and posterior gastrie branehes ofthe plexus aeeompanythe esophagus through the esophageal hiatus 
for distribution to the anterior and posterior aspeets of the stomaeh. The anterior branehes also extend to the pylorus and liver. Postsynaptie sympathetie 
nerve fibers from the eeliae plexus are distributed to these organs through peri-arterial plexuses. The lymphatie vessels of the stomaeh follovv a pattern similar 
to that ofthe arteries, although the fìow is in the opposite direetion. Thus, lymph from the stomaeh and abdominal part ofthe esophagus drains to the gas- 
trie and then eeliae lymph nodes. 


POSITION, PARTS, AND SURFACE ANATOMY 
OF STOMAGH 

The size, shape, and position of the stomaeh ean vary mark- 
edly in persons of different body types (bodily habitns) and 
may ehange even in the same individnal as a resnlt of dia- 
phragmatie movements dnring respiration, the stomaeh’s 
eontents (empty vs. after a heavy meal), and the position 
of the person. In the snpine position, the stomaeh eom- 
monly lies in the right and left npper quadrants, or epigas- 
trie, nmbilieal, and left hypoehondrinm and flank regions 
(Fig. 2.36A). In the ereet position, the stomaeh moves infe- 
riorly. In asthenie (thin, weak) individnals, the body of the 
stomaeh may extend into the pelvis (Fig. 2.36B). 

The stomaeh has fonr parts (Figs. 2.36A and 2.37A-C): 

• Cardia; the part snrronnding the eardial orifiee (open- 
ing), the snperior opening or inlet of the stomaeh. In the 
snpine position, the eardial oriflee nsnally lies posterior to 


the 6th left eostal eartilage, 2-4 em from the median plane 
at the level of the Tll vertebra. 

• Fundus; the dilated snperior part that is related to the 
left dome of the diaphragm, limited inferiorly by the hori- 
zontal plane of the eardial oriflee. The eardial noteh is 
between the esophagns and the fnndns. The fnndns may 
be dilated by gas, flnid, food, or any eombination of these. 
In the snpine position, the fnndns nsnally lies posterior to 
the left 6th rib in the plane of the MCL (Fig. 2.36A). 

• Body; the major part of the stomaeh between the fnndns 
and pylorie antrnm. 

• Pylorie part; the fnnnel-shaped outflow region of the 
stomaeh; its wider part, the pylorie antrnm, leads into 
the pylorie eanal, its narrower part (Fig. 2.37A-E). The 
pylorns (G., gatekeeper) is the distal, sphineterie region 
of the pylorie part. It is a marked thiekening of the eir- 
enlar layer of smooth mnsele that eontrols diseharge of 
the stomaeh eontents throngh the pylorie orifiee (infe- 
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FIGIJRE 2.36. Surface anatomy and efiFeet of body type (bodìly habi- 
tus) on disposition and shape of stomaeh. A. The most eommon position 
ofthe stomaeh in a person of medium build in the supine or prone posi- 
tion. B. A heavily built hyperasthenie individual vvith a short thorax and 
long abdomen is likely to have a stomaeh that is plaeed high and more 
transversely disposed. In people with a slender asthenie physique, the stom- 
aeh is likely to be low and vertieal. 


rior opening or ontlet of the stomaeh) into the dnode- 
nnm (Fig. 2.37D). Intermittent emptying of the stomaeh 
oeenrs when intragastrie pressnre overeomes the resis- 
tanee of the pylorns. The pylorns is normally tonieally eon- 
traeted so that the pylorie orifiee is redneed, exeept when 
emitting ehyme (semifinid mass). At irregnlar intervals, 
gastrie peristalsis pnshes the ehyme throngh the pylorie 
eanal and orifiee into the small intestine for fnrther mix- 
ing, digestion, and absorption. 

In the snpine position, the pylorie part of the stomaeh 
lies at the level of the transpylorie plane, midway between 
the jngnlar noteh snperiorly and the pnbie erest inferiorly 


(Fig. 2.36A). The plane transeets the 8th eostal eartilages 
and the L1 vertebra. When ereet its loeation varies from the 
L2 throngh L4 vertebra. The pylorie orifiee is approximately 
1.25 em right of the midline. 

The stomaeh also featnres two enrvatnres (Fig. 2.37A-C): 

• Lesser enrvatnre; forms the shorter eoneave right bor- 
der of the stomaeh. The angnlar ineisnre (noteh), the 
most inferior part of the enrvatnre, indieates the jnnetion 
of the body and pylorie part of the stomaeh (Fig. 2.37A & 
B). The angnlar ineisnre lies jnst to the left of the midline. 

• Greater enrvatnre; forms the longer convex left bor- 
der of the stomaeh. It passes inferiorly to the left from 
the jnnetion of the 5th intereostal spaee and MCL, then 
enrves to the right, passing deep to the 9th or lOth left ear- 
tilage as it eontinnes medially to reaeh the pylorie antrnm. 

Beeanse of the unequal lengths of the lesser enrvatnre on the 
right and the greater enrvatnre on the left, in most people the 
shape of the stomaeh resembles the letter J. 

INTERIOR OF STOMAGH 

The smooth snrfaee of the gastrie mneosa is reddish brown dnr- 
ing life, except in the pylorie part, where it is pink. In life, it is 
eovered by a eontinnons mneons layer that proteets its snrfaee 
from the gastrie aeid the stomaeh’s glands seerete. When eon- 
traeted, the gastrie mneosa is thrown into longitndinal ridges or 
wrinkles ealled gastrie folds (gastrie rngae) (Fig. 2.38A & B); 
they are most marked toward the pylorie part and along the 
greater enrvatnre. Dnring swallowing, a temporary groove 
or furrow-like gastrie eanal forms between the longitndinal 
gastrie folds along the lesser enrvatnre. It ean be observed 
radiographieally and endoseopieally. The gastrie eanal forms 
beeanse of the firm attaehment of the gastrie mneosa to the 
mnsenlar layer, which does not have an oblique layer at this 
site. Saliva and small quantities of mastieated food and other 
finids drain along the gastrie eanal to the pylorie eanal when 
the stomaeh is mostly empty. The gastrie folds diminish and 
obliterate as the stomaeh is distended (fills). 

RELATIONS OF STOMAGH 

The stomaeh is eovered by viseeral peritonenm, except where 
blood vessels run along its curvatures and in a small area pos- 
terior to the eardial orifiee (Fig. 2.36A). The two layers of 
the lesser omentnm extend aronnd the stomaeh and leave its 
greater curvature as the greater omentum (Figs. 2.28,2.31, and 
2.37A). Anteriorly, the stomaeh is related to the diaphragm, 
left lobe of liver, and anterior abdominal wall. Posteriorly, the 
stomaeh is related to the omental bursa and panereas; the pos- 
terior snrfaee of the stomaeh forms most of the anterior wall of 
the omental bursa (Fig. 2.39A). The transverse eolon is related 
inferiorly and laterally to the stomaeh as it eonrses along the 
greater curvature of the stomaeh to the left eolie fiexure. 

The bed of the stomaeh, on which the stomaeh rests in 
the snpine position, is formed by the structures forming the 
posterior wall of the omental bursa. From superior to inferior. 
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FIGITRE 2.37. Abdomìnal part of esophagus and stomaeh. A. The stomaeh is infìated with air. The left part ofthe liver is cut away so that the lesser 
omentum and omental foramen ean be seen. The extent ofthe intaet liver is indieated by the \onger dottedlines. B. Parts ofthe stomaeh. C. Radiograph of 
the stomaeh after a barium meal. Circular peristaltie waves begin in the body of the stomaeh and sweep toward the pylorie eanal, as shown in E (arrowheads), 
where they stop. Gas ean be seen in the eardia and fundus of this supine patient. D. The pylorus is the signifìeantly eonstrieted terminal part of the stomaeh. 
The pylorie orifìee is the opening ofthe pylorie eanal into the duodenum. E. Radiograph demonstrating the pylorie region ofthe stomaeh and the superior 
part ofthe duodenum. (C and E courtesy of Dr. E. L. Lansdown, Professor of Medieal Imaging, Llniversity ofToronto, Toronto, ON, Canada.) 
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FIGURE 2.38. The internal surface of the stomaeh. A. The anterior vvall 
of the stomaeh has been removed to demonstrate its interior. The longitu- 
dinal gastrie folds disappear on distension. Along the lesser curvature, sev- 
eral longitudinal mucosal folds extend from the esophagus to the pylorus, 
making up the gastrie eanal along v\/hich ingested liquids pass. B. Radio- 
graph of stomaeh after a barium meal. Observe the peristaltie vvave in the 
stomaeh and the longitudinal gastrie folds (rugae) of mucous membrane. 
(A courtesy of Dr. J. Helsin, Toronto, ON, Ganada.) 


the bed of the stomaeh is formed by the left dome of the dia- 
phragm, spleen, left kidney and snprarenal gland, splenie 
artery, panereas, and transverse mesoeolon (Fig. 2.39B). 

VESSELS AND NERVES OF STOMAGH 

The rieh arterial snpply of the stomaeh arises from the eeliae 
trnnk and its branehes (Fig. 2.40; Table 2.7). Most blood is 
snpplied by anastomoses formed along the lesser enrvatnre 
by the right and left gastrie arteries, and along the greater 
enrvatnre by the right and left gastro-omental (gastro- 
epiploie) arteries. The fnndns and npper body reeeive 
blood from the short and posterior gastrie arteries. 


The veins of the stomaeh parallel the arteries in position 
and eonrse (Fig. 2.41). The right and left gastrie veins 
drain into the hepatie portal vein; the short gastrie veins 
and left gastro-omental veins drain into the splenie vein, 
which joins the snperior mesenterie vein (SMV) to form the 
hepatie portal vein. The right gastro-omental vein empties 
in the SMV. A prepylorie vein aseends over the pylorns to 
the right gastrie vein. Beeanse this vein is obvions in living 
persons, snrgeons nse it for identifying the pylorns. 

The gastrie lymphatie vessels (Fig. 2.42A) aeeompany 
the arteries along the greater and lesser enrvatnres of the 
stomaeh. They drain lymph from its anterior and posterior 
snrfaees toward its enrvatnres, where the gastrie and gas- 
tro-omental lymph nodes are loeated. The efferent vessels 
from these nodes aeeompany the large arteries to the eeliae 
lymph nodes. The following is a snmmary of the lymphatie 
drainage of the stomaeh: 

• Lymph from the snperior two thirds of the stomaeh 
drains along the right and left gastrie vessels to the gas- 
trie lymph nodes; lymph from the fnndns and snperior 
part of the body of the stomaeh also drains along the short 
gastrie arteries and left gastro-omental vessels to the pan- 
ereatieosplenie lymph nodes. 

• Lymph from the right two thirds of the inferior third of 
the stomaeh drains along the right gastro-omental vessels 

to the pylorie lymph nodes. 

• Lymph from the left one third of the greater enrvatnre 
drains to the panereatíeodnodenal lymph nodes, which 
are loeated along the short gastrie and splenie vessels. 

The parasympathetie nerve snpply of the stomaeh 
(Fig. 2.42B) is from the anterior and posterior vagal trnnks 
and their branehes, which enter the abdomen throngh the 
esophageal hiatns. 

The anterior vagal trank, derived mainly from the left 
vagns nerve (CN X), nsnally enters the abdomen as a single 
braneh that lies on the anterior snrfaee of the esophagns. It 
rnns toward the lesser enrvatnre of the stomaeh, where it 
gives off hepatie and dnodenal branehes, which leave the 
stomaeh in the hepatodnodenal ligament. The rest of the 
anterior vagal trnnk eontinnes along the lesser enrvatnre, 
giving rise to anterior gastrie branehes. 

The larger posterior vagal trnnk, derived mainly from the 
right vagns nerve, enters the abdomen on the posterior snr- 
faee of the esophagns and passes toward the lesser enrvatnre 
of the stomaeh. The posterior vagal trnnk snpplies branehes 
to the anterior and posterior snrfaees of the stomaeh. It gives 
off a eeliae braneh, which passes to the eeliae plexus, and 
then eontinnes along the lesser enrvatnre, giving rise to pos- 
terior gastrie branehes. 

The sympathetie nerve snpply of the stomaeh, from the 
T6 throngh T9 segments of the spinal eord, passes to the 
eeliae plexus throngh the greater splanehnie nerve and is 
distribnted throngh the plexuses aronnd the gastrie and gas- 
troomental arteries. (See also “Snmmary of Innervation of 
Abdominal Viseera,” p. 301). 
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FIGIJRE 2.39. Omental bursa and stomaeh bed. A. The omental bursa, the greater omentum, and gastrosplenie ligament have been cut along the greater 
curvature ofthe stomaeh, and the stomaeh has been refìeeted superiorly to open the bursa anteriorly. Atthe right end ofthe bursa, tvvo ofthe boundaries of 
the omental foramen ean be seen: the inferior root of the hepatoduodenal ligament (eontaining the portal triad) and caudate lobe of the liver. B. The stom- 
aeh and most ofthe lesser omentum have been excised, and the peritoneum ofthe posterior wall ofthe omental bursa eoveringthe stomaeh bed is largely 
removed to reveal the organs in the bed. Although adhesions, such as those binding the spleen to the diaphragm here, are eommon postmortem fìndings, 
they are not normal anatomy. 
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FIGITRE 2.40. Arteries of stomaeh, duodenum, and spleen. The arterial supply of the abdominal part ofthe esophagus, stomaeh, upper (superior and 
upper deseending parts) duodenum, and spleen is from the eeliae artery. The direet branehes ofthe eeliae trunk appear in boldfaee. 


TABLE 2.7. ARTERIAL SUPPLY TO ABDOMINAL FOR£GUT DERIVATIVES: ESOPHAGUS, STOMAGH, LIVER, GALLBLADDER, 
PANGREAS, AND SPLEEN 


Artery 

Origin 

Course 

Distribution 

Geliae trunk 

Abdominal aorta 
(at level of aortie hiatus) 

After shortantero-inferiorcourse, bifurcates into 
splenie and eommon hepatie arteries 

Esophagus, stomaeh, proximal 
duoclenum, liver/biliary apparatus, 
panereas 

Left gastrie 

Geliae trunk 

Aseends retroperitoneally to esophageal hia- 
tus, giving rise to an esophageal braneh; then 
deseending along lesser curvature to anasto- 
mose with rightgastrie artery 

Distal (mostly abdominal) part of 
esophagus and lesser curvature 
of stomaeh 

Splenie 

Runs retroperitoneally along superior border 
of panereas; traverses splenorenal ligamentto 
hilum of spleen 

Body of panereas, spleen, and 
greater curvature and posterior 
stomaeh body 

Posterior gastrie 

Splenie artery posterior 
to stomaeh 

Aseends retroperitoneally along posterior wall 
of lesser omental bursa to enter gastrophrenie 
ligament 

Posterior wall and fundus of 
stomaeh 

Left gastro-omental 

(left gastroepiploie) 

Splenie artery in hilum 
of spleen 

Passes between layers of gastrosplenie liga- 
mentto stomaeh, then along greater curvature 
in greater omentum to anastomose with right 
gastro-omental artery 

Left portion of greater curvature 
of stomaeh 

Shortgastrie (n = 4-5) 

Passes between layers of gastrosplenie ligament 
to fundus of stomaeh 

Fundus of stomaeh 

Hepatie^ 

Geliae trunk 

Passes retroperitoneally to reaeh hepatoduode- 
nal ligament; passing between layers to porta 
hepatis; bifurcates into rightand lefthepatie 
arteries 

Liver, gallbladder and biliary ducts, 
stomaeh, duodenum, panereas, 
and respeetive lobes of liver 
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TABLE 2.7. ARTERIAL SUPPLY TO ABDOMINAL FOREGUT DERIVATIVES: ESOPHAGUS, STOMAGH, LIVER, GALLBLADDER, 
PANGREAS, AND SPLEEN (Contìnued) 


Artery 

Origin 

1 Course 

Distribution 

Gystie 

Right hepatie artery 

Arises vvithin hepatoduodenal ligament(in eysto- 
hepatie triangle of Calot) 

Gallbladder and eystie duct 

Right gastrie 

Hepatie artery 

Runs along lesser curvature of stomaeh to 
anastomose vvith leftgastrie artery 

Right portion of lesser curvature 
of stomaeh 

Gastroduodenal 

Deseends retroperitoneally, posteriorto gastro- 
duodenal junction 

Stomaeh, panereas, first part of 
duodenum, and distal partof bile 
duct 

Right gastro-omental 
(right gastroepiploie) 

Gastroduodenal artery 

Passes betvveen layers of greater omentum 
along greater curvature of stomaeh to anasto- 
mose vvith left gastro-omental artery 

Right portion of greater 
curvature of stomaeh 

Superior 

pancreaticoduodenal 

Divides into anteriorand posterior arteries 
thatdeseend on eaeh side of panereatie head, 
anastomosing vvith similar branehes of inferior 
pancreaticoduodenal artery 

Proximal portion of duodenum and 
superior part of head of panereas 

Inferior 

pancreaticoduodenal 

Superior mesenterie 
artery 

Divides into anteriorand posterior arteries 
that aseend on eaeh side of panereatie head, 
anastomosing vvith similar branehes ofsuperior 
pancreaticoduodenal artery 

Distal portion of duodenum and 
head of panereas 


^For deseriptive purposes, the hepatie artery is often divided into the eommon hepatie artery, from its origin to the origin ofthe gastroduodenal artery, and hepatie 
artery proper, made up of the remainder of the vessel. 
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FIGURE 2.41. Veins of stomaeh, duodenum, and spleen. Venous drainage from the abdominal part ofthe esophagus, stomaeh, upper (superior and 
upper deseending parts) duodenum, panereas, and spleen is into the portal vein, either direetly or indireetly via the splenie or superior mesenterie vein 
(SMV). The gastrie veins parallel the arteries in position and course. 
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FIGIJRE 2.42. Lymphatie drainage and innervation of stomaeh and small intestine. A. The arrovvs indieate the direetion of lymph fìow to the lymph 
nodes. B. Innervation of the stomaeh is both parasympathetie, from the vagus nerves (CN X) via the esophageal plexus, and sympathetie, via the greater 
(abdominopelvie) splanehnie, the eeliae plexus, and peri-arterial plexuses. 
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Small Intestine 

The small intestine, eonsisting of the dnodennm, jejnnnm, 
and ilenm (Fig. 2.43), is the primary site for absorption of 
nntrients from ingested materials. It extends from the pylo- 
rns to the ileoeeeal jnnetion where the ilenm joins the eeenm 
(the first part of the large intestine). The pylorie part of the 
stomaeh empties into the dnodennm, dnodenal admission 
being regnlated by the pylorns. 

DUODENUM 

The dnodennm (L. breadth of 12 fingers), the first and 
shortest (25 em) part of the small intestine, is also the widest 


and most fixed part. The dnodennm pnrsnes a C-shaped 
eonrse aronnd the head of the panereas (Figs. 2.43C and 
2.44A & e). It begins at the pylorns on the right side and 
ends at the dnodenojejnnal flexure (jnnetion) on the left 
side (Fig. 2.44B & C). This jnnetion oeenrs approximately at 
the level of the L2 vertebra, 2-3 em to the left of the midline. 
The jnnetion nsnally takes the form of an aente angle, the 
dnodenojejnnal flexure. Most of the dnodennm is fixed 
by peritonenm to strnetnres on the posterior abdominal wall 
and is eonsidered partially retroperitoneal. The dnodennm 
is divisible into fonr parts (Figs. 2.44C and 2.45; Table 2.8): 

• Snperior (first) part: short (approximately 5 em) and lies 
anterolateral to the body of the L1 vertebra. 
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FIGIJRE 2.43. Small and large ìntestìnes. A. Note the convolutions ofsmall intestine in situ, eneireled on three sides by the large intestine and revealed by 
elevatingthe greater omentum. B. The convolutions ofsmall intestine have been retraeted superiorly to demonstrate the mesentery. C. This orientation dravv- 
ing of the alimentary system indieates the general position and relationships of the intestines. D. The blood supply of the ileoeeeal region is shovvn. 
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FIGIJRE 2.44. Duodenum, panereas, and spleen. 

A. The duodenum, panereas, and spleen and their blood 
supply are revealed by removal of the stomaeh, trans- 
verse eolon, and peritoneum. B. The anterior aspeet 
of the duodenum, panereas, and related vasculature is 
shovvn. The duodenum is molded around the head of 
the panereas. C. The posterior aspeet ofthe duodenum 
and panereas is shovvn. The abdominal aorta and inferior 
vena eava occupy the vertieal eoneavity posterior to the 
head of the panereas and third part of the duodenum. 
The uncinate proeess is the extension of the head of the 
panereas that passes posterior to the superior mesenterie 


Dneinat© proeess vessels. The bile duct is deseending in a fissure (opened 

up) in the posterior part ofthe head ofthe panereas. 
SMV^ superior mesenterie vein. 


(C) Posterior view 
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• Deseending (seeond) part: longer (7-10 em) and deseends 
along the right sides of the L1-L3 vertebrae. 

• Inferior (third) pari: 6-8 em long and erosses the L3 
vertebra. 

• Aseending (fonrth) part: short (5 em) and begins at the 
left of the L3 vertebra and rises snperiorly as far as the 
snperior border of the L2 vertebra. 

The first 2 em of the snperior part of the dnodennm, imme- 
diately distal to the pylorns, has a mesentery and is mobile. 
This free part, ealled the ampalla (dnodenal eap), has an 
appearanee distinet from the remainder of the dnodennm 
when observed radiographieally nsing eontrast medinm 
(Fig. 2.37C & E). The distal 3 em of the snperior part and the 
other three parts of the dnodennm have no mesentery and 
are immobile beeanse they are retroperitoneal. The prineipal 
relationships of the dnodennm are illnstrated in Fignres 2.44 
and 2.45 and snmmarized in Table 2.8. 

The superior part of the duodenum aseends from the 
pylorns and is overlapped by the liver and gallbladder. Peri- 
tonenm eovers its anterior aspeet, bnt it is bare of perito- 
nenm posteriorly, exeept for the ampnlla. The proximal part 
has the hepatodnodenal ligament (part of the lesser omen- 
tnm) attaehed snperiorly and the greater omentnm attaehed 
inferiorly (see Fig. 2.26). 

The deseending part of the duodenum rnns inferiorly, 
enrving aronnd the head of the panereas (Figs. 2.44 and 2.45; 
Table 2.8). Initially, it lies to the right of and parallel to the 
IVe. The hile and main panereatie dnets enter its postero- 
medial wall. These dnets nsnally nnite to form the hepato- 
panereatie ampnlla, whieh opens on an eminenee, ealled 
the major dnodenal papilla, loeated posteromedially in the 
deseending dnodennm. The deseending part of the dnode- 
nnm is entirely retroperitoneal. The anterior snrfaee of its 
proximal and distal thirds is eovered with peritonenm; how- 
ever, the peritonenm refleets from its middle third to form 
the donble-layered mesentery of the transverse eolon, the 
transverse mesoeolon. 

The inferior (horizontal) part of the duodenum rnns 
transversely to the left, passing over the IVC, aorta, and L3 
vertebra. It is erossed by the snperior mesenterie artery and 
vein and the root of the mesentery of the jejnnnm and ilenm. 
Snperior to it is the head of the panereas and its nneinate 
proeess. The anterior snrfaee of the inferior part is eovered 
with peritonenm, exeept where it is erossed by the snperior 
mesenterie vessels and the root of the mesentery. Posteriorly 
it is separated from the vertebral eolnmn by the right psoas 
major, IVC, aorta, and the right testienlar or ovarian vessels. 

The aseending part of the duodenum rnns snperiorly 
and along the left side of the aorta to reaeh the inferior bor- 
der of the body of the panereas. Here it enrves anteriorly to 
join the jejnnnm at the dnodenojejnnal flexure, snpported 
by the attaehment of a suspensory mnsele of the duode- 
num (ligament of Treitz). This mnsele is eomposed of a slip 
of skeletal mnsele from the diaphragm and a flbromnsenlar 
band of smooth mnsele from the third and fonrth parts of the 


dnodennm. Contraetion of this mnsele widens the angle of the 
dnodenojejnnal flexure, faeilitating movement of the intesti- 
nal eontents. The snspensory mnsele passes posterior to the 
panereas and splenie vein and anterior to the left renal vein. 

The arteries ofthe dnodennm arise from the eeliae trnnk and 
the snperior mesenterie artery (Fig. 2.44). The eeliae trnnk, 
via the gastroduodenal artery and its braneh, the supe- 
rior pancreaticoduodenal artery, snpplies the dnodennm 
proximal to the entry of the bile dnet into the deseending part 
of the dnodennm. The snperior mesenterie artery, throngh 
its braneh, the inferior panereatieodnodenal artery, 
snpplies the dnodennm distal to the entry of the bile dnet. 
The panereatieodnodenal arteries lie in the enrve between 
the dnodennm and the head of the panereas and snpply both 
strnetnres. The anastomosis of the snperior and inferior pan- 
ereatieodnodenal arteries (i.e., between the eeliae and snpe- 
rior mesenterie arteries) oeenrs between the entry of the bile 
dnet and the jnnetion of the deseending and inferior parts of 
the dnodennm. An important transition in the blood snpply 
of the digestive traet oeenrs here: proximally, extending orad 
(toward the month) to and inelnding the abdominal part of 
the esophagns, the blood is snpplied to the digestive traet by 
the eeliae trnnk; distally, extending ahorad (away from the 
month) to the left eolie flexure, the blood is snpplied by the 
SMA. The basis of this transition in blood snpply is embryo- 
logieal; this is the jnnetion of the foregnt and midgnt. 

The veins of the dnodennm follow the arteries and drain into 
the hepatie portal vein, some direetly and others indireetly, 
throngh the snperior mesenterie and splenie veins (Fig. 2.41). 

The lymphatie vessels of the dnodennm follow the arter- 
ies. The anterior lymphatie vessels drain into the panere- 
atieodnodenal lymph nodes, loeated along the snperior and 
inferior panereatieodnodenal arteries, and into the pylorie 
lymph nodes, which lie along the gastrodnodenal artery (Fig. 
2.46). The posterior lymphatie vessels pass posterior to the 
head of the panereas and drain into the superior mesen- 
terie lymph nodes. Efferent lymphatie vessels from the 
dnodenal lymph nodes drain into the eeliae lymph nodes. 

The nerves of the dnodennm derive from the vagns and 
greater and lesser (ahdominopelvie) splanehnie nerves by way of 
the eeliae and snperior mesenterie plexuses. The nerves are next 
eonveyed to the dnodennm via peri-arterial plexuses extending 
to the panereatieodnodenal arteries (see also “Snmmary of the 
Innervation of the Abdominal Viseera,” p. 300). 

JEJUNUM AND ILEUM 

The seeond part of the small intestine, the jejunum, begins 
at the dnodenojejnnal flexure where the gastrointestinal 
traet resnmes an intraperitoneal eonrse. The third part 
of the small intestine, the ileum, ends at the ileoeeeal 
junction, the nnion of the terminal ilenm and the eeenm 

(Figs. 2.43C and 2.47). Together, the jejnnnm and ilenm 
are 6-7 m long, the jejnnnm eonstitnting approximately two 
flfths and the ilenm approximately three flfths of the intra- 
peritoneal seetion of the small intestine. 
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FIGIJRE 2.45. Relatìonshìps of duodenum. The duodenum pursues a C-shaped course around the head ofthe panereas 


TABLE2.8. RELATIONSHIPS OF DUODENUM 


Partof 

Duodenum 

Anterior 

Posterior 

Medial 

Superior 

Inferior 

Vertebral Level 

Superior 

(Ist part) 

(A&B) 

Peritoneum 

Gallbladder 

Quadrate lobe of liver 

Bile duct 

Gastroduodenal artery 
Hepatie portal vein 

ive 

Pylorus 

Neek of 
gallbladder 

Neek of 
panereas 

Anterolateral to 

L1 vertebra 

Deseending 

(2nd part) (C) 

Transverse eolon 

Transverse mesoeolon 

Goils of small intestine 

Hilum of rightkidney 

Renal vessels 

U rete r 

Psoas major 

Head of 
panereas 

Panereatie duct 

Bile duct 

Superior partof 
duodenum 

Inferior partof 
duodenum 

Rightof L2-L3 
vertebrae 

Inferior 

(horizontal) 

(3rd part) (D) 

SMA 

SMV 

Goils of small 
intestine 

Rightpsoas major 

ive 

Aorta 

Rightureter 


Head and uncinate 
Proeess of panereas 

Superior mesenterie 
vessels 

Goils of small 
intestine (ilium) 

Anterior to L3 
ve rte b ra 
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(4th part) (E) 
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mesentery 

Goils of]e]unum 

Leftpsoas major 
Leftmargin of aorta 

SMA, SMV, 
uncinate pro- 
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panereas 
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Leftof L3 
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ive, inferiorvena eava; SMA, superior mesenterie artery; SMV, superior mesenterie vein. 
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FIGIJRE 2.46. Lymphatie drainage and innervation of duodenum, panereas, and spleen. The elose positional relationship ofthese organs results in 
sharing of blood vessels, lymphatie vessels, and nerve pathvvays, in vvhole or in part. 



Duodenojejunal 
junction 

Duodenum 


lleoeeeal 
junction 

Cecum 
Appendix 


Parts of small intestine 


I Duodenum 
1 Jejunum 
1 Ileum 


Anterior view 


FIGIJRE 2.47. Jejunum and ileum. The jejunum begins at the duodeno- 
jejunal flexure and the ileum ends at the cecum. The eombined term jejuno- 
ileum is sometimes used as an expression of the faet that there is no elear 
external line of demareation betvveen the jejunum and the ileum. LUQ, left 
upper quadrant; R.LQ, right lovver quadrant. 


Most of the jejunum lies in the left upper quadrant (LUQ) 
of the infraeolie eompartment, vvhereas most of the ileum 
lies in the right lower quadrant (RLQ). The terminal ileum 
usually lies in the pelvis from which it aseends, ending in 
the medial aspeet of the cecum. Although no elear line of 
demareation between the jejunum and ileum exists, they 
have distinetive eharaeteristies that are snrgieally important 

(Fig. 2.48B-E; Table 2.9). 

The mesentery is a fan-shaped fold of peritonenm that 
attaehes the jejunum and ileum to the posterior abdominal 
wall (Fig. 2.43B and 2.48A). The origin or root of the mes- 
entery (approximately 15 em long) is direeted obliquely, 
inferiorly, and to the right (Fig. 2.49A). It extends from 
the duodenojejunal jnnetion on the left side of vertebra L2 
to the ileoeolie jnnetion and the right saero-iliae joint. The 
average length of the mesentery from its root to the intes- 
tinal border is 20 em. The root of the mesentery erosses 
(sneeessively) the aseending and inferior parts of the duo- 
denum, abdominal aorta, IVC, right ureter, right psoas 
major, and right testienlar or ovarian vessels. Between the 
two layers of the mesentery are the snperior mesenterie 
vessels, lymph nodes, a variable amount of fat, and auto- 
nomie nerves. 

The superior mesenterie artery (SMA) snpplies the 
jejunum and ileum via jejnnal and ileal arteries (Fig. 2.49B). 

The SMA usually arises from the abdominal aorta at the 
level of the L1 vertebra, approximately 1 em inferior to the 
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FIGURE 2.48. Structure of mesentery and small intestine: distinetive features of jejunum and ileum. A. The mesentery is a double-layered fold ofvis- 
eeral peritoneum that suspends the gut and conducts neurovasculature from the posterior body vvall. B-E. Distinetive features of the JeJunum and ileum, 
outlined in Table 2.9, are illustrated. 


TABLE 2.9. DISTINGUISHING CHARACTERISTICS OF JEJUNUM AND ILEUM IN LIVING BODY (FIG. 2.48) 


eharaeteristie 

J ejunum (B & D)* 

lieum(C,E &F)* 

Golor 

Deeper red 

Paler pink 

Galiber 

2-4 em 

2-3 em 

Wall 

Thiek and heavy 

Thin and light 

Vascularity 

Greater 

1 (B) 

Less 

1(C) 

Vasa reeta 

Long 

Short 

Areades 

A few large loops 

Many short loops 

Fat in mesentery 

Less 

More 

Circularfolds (L. plieae circulares) 

Large, tall, and elosely paeked (D) 

Low and sparse (E); absent in distal part (F) 

Lymphoid nodules (Peyer patehes) 

Few 

Many (F) 


*Letters in parentheses referto individual figures in Fig. 2.48. 
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FIGIJRE 2.49. Arterial supply and mesenteries of intestines. A. Arterial supply of the large intestine. The transverse and sigmoid mesoeolons and 
the mesentery ofthe jejunum and ileum have been cut at their roots. The ileoeolie and right eolie arteries on the right side and the left eolie and sigmoid 
arteries on the left side originally coursed within mesenteries (aseending and deseending mesoeolons) that later fused to the posterior wall; they ean be 
re-established surgically. B. Arterial supply and venous drainage of the small intestine. Except for the proximal duodenum, all of the intestine depieted 
in B is supplied by the SMA (as is most ofthe transverse eolon, not shown). The SMV drains blood from the same portions ofthe intestine into the 
hepatie portal vein. 
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eeliae tmnk, and rnns between the layers of the mesentery, 
sending 15-18 branehes to the jejnnnm and ilenm (see also 
Figs. 2.54 and 2.55). The arteries nnite to form loops or 
arehes, ealled arterial areades, which give rise to straight 
arteries, ealled vasa reeta (Figs. 2.48B and 2.49B). 

The snperior mesenterìe vein drains the jejnnnm and 
ilenm (Fig. 2.49B). It lies anterior and to the right of the 
SMA in the root of the mesentery (Fig. 2.49A). The SMV 
ends posterior to the neek of the panereas, where it nnites 
with the splenie vein to form the hepatie portal vein 

(Fig. 2.44C). 

Speeialized lymphatie vessels in the intestinal villi (tiny 
projeetions of the mneons membrane) that absorb fat are 
ealled laeteals. They empty their milk-like flnid into the 
lymphatie plexnses in the walls of the jejnnnm and ilenm. 
The laeteals drain in tnrn into lymphatie vessels between the 
layers of the mesentery. Within the mesentery, the lymph 
passes seqnentially throngh three gronps of lymph nodes 

(Fig. 2.50): 

• Juxta-intestinal lymph nodes; loeated elose to the 
intestinal wall. 

• Mesenterie lymph nodes: seattered among the arterial 
areades. 

• Snperior eentral nodes; loeated along the proximal part 
of the SMA. 

Efferent lymphatie vessels from the mesenterie lymph nodes 
drain to the snperior mesenterie lymph nodes. Lymphatie 


vessels from the terminal ilenm follow the ileal braneh of the 
ileoeolie artery to the ileoeolie lymph nodes. 

The SMA and its branehes are snrronnded by a peri- 
arterial nerve plexus throngh which the nerves are eon- 
dneted to the parts of the intestine snpplied by this artery 
(Fig. 2.51). The sympathetie flbers in the nerves to the jejn- 
nnm and ilenm originate in the T8-T10 segments of the spi- 
nal eord and reaeh the snperior mesenterie nerve plexus 
throngh the sympathetie tmnks and thoraeie ahdominopelvie 
{greater, lesser, and least) splanehnie nerves. The presynap- 
tie sympathetie flbers synapse on eell bodies of postsynaptie 
sympathetie nenrons in the eeliae and snperior mesenterie 
(prevertehral) ganglia. The parasympathetie flbers in the 
nerves to the jejnnnm and ilenm derive from the posterior 
vagal tmnks. The presynaptie parasympathetie flbers synapse 
with postsynaptie parasympathetie nenrons in the myenterie 
and suhmucosal plexuses in the intestinal wall (see also “Snm- 
mary of Innervation of Abdominal Viseera,” p. 301). 

Sympathetie stimnlation rednees peristaltie and seeretory 
aetivity of the intestine and aets as a vasoeonstrietor, redne- 
ing or stopping digestion and making blood (and energy) 
available for “fleeing or flghting.” Parasympathetie stimnla- 
tion inereases peristaltie and seeretory aetivity of the intes- 
tine, restoring the digestion proeess following a sympathetie 
reaetion. The small intestine also has sensory (viseeral affer- 
ent) flbers. The intestine is insensitive to most pain stimnli, 
inelnding entting and bnrning; however, it is sensitive to dis- 
tension that is pereeived as eolie (spasmodie abdominal pains 
or “intestinal eramps”)- 
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FIGIJRE 2.50. Mesenterie lymph nodes. The superior nodes form a 
system in vvhieh the eentral nodes, at the root of the superior mesenterie 
artery, reeeive lymph from the mesenterie, ileoeolie, right eolie, and middle 
eolie nodes, vvhieh in turn reeeive lymph from juxta-intestinal lymph nodes. 
The juxta-intestinal nodes adjaeent to the intestines are most abundant. 
Fev\/er occur along the arteries. 


Large Intestine 

The large intestine is where water is absorbed from the indi- 
gestible residnes of the liqmd ehyme, eonverting it into semi- 
solid stool or feees that is stored temporarily and allowed to 
aeenmnlate nntil defeeation oeenrs. The large intestine eon- 
sists of the cecum; appendix; aseending, transverse, deseend- 
ing, Sindsigmoid eolon; rectum; and anal eanal (Fig. 2.52). The 
large intestine ean be distingnished from the small intestine by: 

• Omental appendiees; small, fatty, omentnm-like pro- 
jeetions. 

• Teniae eoli; three distinet longitndinal bands: (1) meso- 
eolie tenia, to which the transverse and sigmoid meso- 
eolons attaeh; (2) omental tenia, to which the omental 
appendiees attaeh; and (3) free tenia (L. t. lihera), to which 
neither mesoeolons nor omental appendiees are attaehed. 

• Hanstra: saeenlations of the wall of the eolon between 
the teniae 

• A mneh greater ealiber (internal diameter). 

The teniae eoli (thiekened bands of smooth mnsele repre- 
senting most of the longitndinal eoat) begin at the base of 
the appendix as the thiek longitndinal layer of the appendix 
separates into three bands. The teniae rnn the length of the 
large intestine, abrnptly broadening and merging with eaeh 
other again at the reetosigmoid jnnetion into a eontinnons 
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FIGIJRE 2.51. Innervation of small intestine. Presynaptie sympathetie nerve fibers originate in theT8 orT9 throughT10 orT11 segments ofthe spinal 
eord and reaeh the eeliae plexus through the sympathetie trunks and greater and lesser (abdominopelvie) splanehnie nerves. After synapsing in the eeliae and 
superior mesenterie ganglia, postsynaptie nerve fibers aeeompany the arteries to the intestine. Afferent fibers are eoneerned v\/ith reflexes and pain. Presyn- 
aptie parasympathetie (vagus) nerves originate in the medulla (oblongata) and pass to the intestine via the posterior vagal trunk. They synapse vvith intrinsie 
postsynaptie neurons loeated in the intestinal vvall. SMA, superior mesenterie artery. 


longitudinal layer aronnd the reetnm. Beeanse their tonie 
eontraetion shortens the part of the wall with which they are 
assoeiated, the eolon beeomes saeenlated or “baggy” between 
the teniae, forming the hanstra. 

CECUM AND APPENDIX 

The cecum is the first part of the large intestine; it is eon- 
tinnons with the aseending eolon. The eeenm is a blind 
intestinal poneh, approximately 7.5 em in both length and 


breadth. It lies in the iliae fossa of the right lower quadrant 
of the abdomen, inferior to the jnnetion of the terminal ilenm 
and eeenm (Figs. 2.52 and 2.53). If distended with feees or 
gas, the eeenm may be palpable throngh the anterolateral 
abdominal wall. 

The eeenm nsnally lies within 2.5 em of the ingninal liga- 
ment; it is almost entirely enveloped by peritonenm and ean be 
lifted freely. However, the eeenm has no mesentery. Beeanse 
of its relative freedom, it may be displaeed from the iliae fossa, 
bnt it is eommonly bonnd to the lateral abdominal wall by one 
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FIGIJRE 2.52. Terminal ileum and large intestine (including appendix). A. Teniae, haustra, and fatty omental appendiees (eharaeteristie ofthe eolon) 
are not assoeiated with the rectum. B. To examine the eolon, a barium enema has been given after the bowel is eleared of feeal material by a eleansing 
enema. Single eontrast barium studies demonstrate the semilunar folds demareating the haustra. C. Following the single eontrast study, the patient has 
evacuated the barium and the eolon was distended with air for this double-contrast study. The luminal surface remains eoated with a thin layer of barium. 

A, aseending eolon; C, cecum; D, deseending eolon; G, sigmoid eolon; H, hepatie or right eolie fìexure; R, rectum; S, splenie or left eolie fìexure; T, transverse 
eolon; U, haustra. (B courtesy of Dr. C. S. Ho, Professor of Medieal Imaging, Llniversity ofToronto, Toronto, ON, Ganada; C courtesy of Dr. E. L. Lansdown, 
Professor of Medieal Imaging, Llniversity ofToronto, Toronto, ON, Ganada.) 
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FIGIJRE 2.53. Terminal ileum, cecum, and appendix. A. The cecum was filled with air until dry and then opened. Observe the ileoeeeal valve and ileal 
orifiee. The frenulum is a fold (more evident in eadavers) that runs from the ileoeeeal valve along the wall at the junction ofthe cecum and aseending eolon 
B.The interior ofthe cecum showingthe endoseopie (living) appearanee ofthe ileoeeeal valve. C. The approximate ineidenees ofvarious loeations ofthe 
appendix, based on an analysis of 10,000 eases, are shown. 


or more eeeal folds of peritoneom (Fig. 2.53B). The terminal 
ilenm enters the eeenm obliquely and partly invaginates into it. 

In disseetion, the ileal orifiee enters the eeenm betvveen 
ileoeolie lips (snperior and inferior), folds that meet laterally 
forming ridges ealled the frenula of the ileal orifiee (Fig. 
2.53A). It was believed that when the eeenm is distended or 
when it eontraets, the lips and frennla aetively tighten, elosing 
the valve to prevent reflux from the eeenm into the ilenm. How- 
ever, direet observation by endoseopy in living persons does not 
snpport this deseription. The eirenlar mnsele is poorly developed 
aronnd the oriflee; therefore, the valve is nnlikely to have any 
sphineterie aetion that eontrols passage of the intestinal eontents 
from the ilenm into the eeenm. The oriflee is nsnally elosed by 
tonie eontraetion, however, appearing as an ileal papìlla on the 
eeeal side (Fig. 2.53B). The papilla probably serves as a relatively 
passive flap valve, preventing reflux from the eeenm into the 
ilenm as eontraetions oeenr to propel eontents up the aseending 
eolon and into the transverse eolon (Magee and Dalley, 1986). 

The appendix (vermiform appendix; L. vermis, worm- 
like) is a blind intestinal diverticulum (6-10 em in length) 
that eontains masses of lymphoid tissne. It arises from the 
posteromedial aspeet of the cecum inferior to the ileoeeeal 
jnnetion. The appendix has a short triangnlar mesentery, the 
meso-appendix, which derives from the posterior side of 
the mesentery of the terminal ileum (Fig. 2.52A). The meso- 
appendix attaehes to the cecum and the proximal part of the 
appendix. The position of the appendix is variable, but it is 
usually retroeeeal (Fig. 2.53C). Glinieal eorrelations involv- 
ing the appendix are inelnded in the blue box on pp. 259-260. 

The arterìal snpply of the eeeum is from the ileoeolie 
artery, the terminal braneh of the SMA (Figs. 2.54 and 2.55; 
Table 2.10). The appendienlar artery, a braneh of the ileo- 
eolie artery, snpplies the appendix. Venons draìnage from the 


cecum and appendix flow throngh a tribntary of the SMV, the 

ileoeolie vein (Fig. 2.56A). 

Lymphatie drainage of the cecum and appendh passes to 
lymph nodes in the meso-appendix and to the ileoeolie lymph 
nodes that lie along the ileoeolie artery (Fig. 2.56B). Efferent 
lymphatie vessels pass to the snperior mesenterie lymph nodes. 

The nerve supply to the cecum and appendh derives from 
the sympathetie and parasympathetie nerves from the snperior 
mesentene plexus (Fig. 2.56C). The sympathetie nervefihers 
originate in the lower thoraeie part of the spinal eord, and the 
parasympathetie nerve fihers derive from the vagus nerves. 
Afferent nerve flbers from the appendix aeeompany the sym- 
pathetie nerves to the TIO segment of the spinal eord (see also 
“Snmmary of Innervation of Abdominal Viseera,” p. 300). 

eOLON 

The eolonhas four parts—aseending, transverse, deseending, 
and sigmoid—that sneeeed one another in an areh (Figs. 2.43C 
and 2.52). The eolon eneireles the small intestine, the 
aseending eolon lying to the right of the small intestine, the 
transverse eolon snperior and/or anterior to it, the deseend- 
ing eolon to the left if it, and the sigmoid eolon inferior to it. 

The aseending eolon is the seeond part of the large intes- 
tine. It passes snperiorly on the right side of the abdominal 
eavity from the cecum to the right lobe of the liver, where it 
turns to the left at the right eolie flexure (hepatie fiexure). 
This flexure lies deep to the 9th and lOth ribs and is over- 
lapped by the inferior part of the liver. 

The aseending eolon is narrower than the cecum and is 
seeondarily retroperitoneal along the right side of the pos- 
terior abdominal wall. The aseending eolon is usually eov- 
ered by peritoneum anteriorly and on its sides; however, in 
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FIGIJRE 2.54. Arterial supply to intestines. 


TABLE 2.10. ARTERIAL SUPPLY TO INTESTINES 


Artery 

Origin 

Course 

Distributìon 

Superior 

mesenterie 

Abdominal aorta 

Runs in rootof mesentery to ileoeeeal 
junction 

Part of gastrointestinal traet derived 
from midgut 

Intestinal (jejynal 
and ileal) (n =15-18) 

Superior mesentehe artery 

Passes betvveen tvvo layers of mesentery 

j ejunum and ileum 

Middle eolie 

Aseends retroperitoneally and passes 
betvveen layers of transverse mesoeolon 

Transverse eolon 

Righteolie 

Passes retroperitoneally to reaeh aseend- 
ing eolon 

Aseending eolon 

lleoeolie 

Terminal braneh of superior 
mesenterie artery 

Runs along rootof mesentery and divides 
into ileal and eolie branehes 

Ileum, cecum, and aseending eolon 

Appendicular 

lleoeolie artery 

Passes betvveen layers of meso-appendix 

Appendix 

Inferior mesenterie 

Abdominal aorta 

Deseends retroperitoneally to leftof 
abdominal aorta 

Supplies part of gastrointestinal traet 
derived from hindgut 

Lefteolie 

Inferior mesenterie artery 

Passes retroperitoneally tovvard leftto 
deseending eolon 

Deseending eolon 

Sigmoid (n = 3-4) 

Passes retroperitoneally tovvard leftto 
deseending eolon 

Deseending and sigmoid eolon 

Superior reetal 

Terminal braneh of inferior 
mesenterie artery 

Deseends retroperitoneally to rectum 

Proximal part of rectum 

Middle reetal 

Internal iliae artery 

Passes retroperitoneally to rectum 

Midpartof rectum 

Inferior reetal 

Internal pudendal artery 

Grosses isehioanal fossa to reaeh rectum 

Distal part of rectum and anal eanal 
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FIGIJRE 2.55. Superior mesenterie arteriogram. Radiopaque dye vvas injeeted into the bloodstream by means ofthe eatheter introduced into the femoral 
artery and advaneed through the iliae arteries and aortato the openingofthe superior mesenterie artery. (Courtesy of Dr. E. L. Lansdovvn, Professor of Medi- 
eal Imaging, Llniversity ofToronto, Toronto, ON, Canada.) 


approximately 25% of people, it has a short mesentery. The 
aseending eolon is separated from the anterolateral abdom- 
inal wall by the greater omentnm. A deep vertieal groove 
lined with parietal peritonenm, the right paraeolie gntter, 
lies between the lateral aspeet of the aseending eolon and the 
adjaeent abdominal wall (see Fig. 2.49A). 

The arterial supply to the aseending eolon and right eolie 
flexure is from branehes of the SMA, the ileoeolie and right 
eolie arteries (Figs. 2.54 and 2.55; Table 2.10). These arter- 
ies anastomose with eaeh other and with the right hraneh 
of the middle eolie artery, the first of a series of anastomotie 
areades that is eontinned by the left eolie and sigmoid arter- 
ies to form a eontinnons arterial ehannel, the marginal 
artery {juxtacolie artery). This artery parallels and extends 
the length of the eolon elose to its mesenterie border. 

Venous drainagefrom the aseending eolon flows throngh 
tribntaries of the SMV, the ileoeolie and right eolie veins 
(Fig. 2.56A). The lymphatie drainage passes flrst to the epie- 
olie and paraeolie lymph nodes, next to the ileoeolie and 
intermediate right eolie lymph nodes, and from them to 
the snpenor mesenterie lymph nodes (Fig. 2.56B). The nerve 
supply to the aseending eolon is derived from the snperior 
mesenterie nerve plexus (Fig. 2.56C). 

The transverse eolon is the third, longest, and most 
mobile part of the large intestine (Fig. 2.52). It erosses the 
abdomen from the right eolieflexure to the left eolie flexure, 
where it tnrns inferiorly to beeome the deseending eolon. The 
left eolie flexure (splenie flexure) is nsnally more snperior, 
more aente, and less mobile than the right eolie flexure. It lies 


anterior to the inferior part of the left kidney and attaehes to 
the diaphragm throngh the phrenieoeolie ligament (see Fig. 
2.26). The transverse eolon and its mesentery, the transverse 
mesoeolon, loops down, often inferior to the level of the iliae 
erests (Fig. 2.57B). The mesentery is adherent to or fnsed 
with the posterior wall of the omental bnrsa. The root of 
the transverse mesoeolon (see Fig. 2.49A) lies along the 
inferior border of the panereas and is eontinnons with the 
parietal peritonenm posteriorly. Being freely movable, the 
transverse eolon is variable in position, nsnally hanging to 
the level of the nmbiliens (L3 vertebral level) (Fig. 2.57A). 
However, in tall thin people, the transverse eolon may extend 
into the pelvis (Fig. 2.57B). 

The arterial supply of the transverse eolon is mainly from 
the middle eolie artery (Figs. 2.54 and 2.55; Table 2.10), a 
braneh of the SMA. However, the transverse eolon may also 
reeeive arterial blood from the right and left eolie arteries via 
anastomoses, part of the series of anastomotie areades that 
eolleetively form the marginal artery (juxtaeolic artery). 

Venous drainage of the transverse eolon is throngh the 
SMV (Fig. 2.56A). The lymphatie drainage of the transverse 
eolon is to the middle eolie lymph nodes, which in tnrn 
drain to the snperior mesenterie lymph nodes (Fig. 2.56B). 

The nerve supply of the transverse eolon is from the supe- 
rior mesenterie nerve plexus via the peri-arterial plexuses of 
the right and middle eolie arteries (Fig. 2.56C). These nerves 
transmit sympathetie, parasympathetie (vagal), and viseeral 
afferent nerve flbers (see also “Snmmary of Innervation of 
Abdominal Viseera,” p. 300). 
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FIGIJRE 2.56. Veins, lymph nodes, and nerves of large intestine. A. Venous drainage by the superior mesenterie vein and inferior mesenterie vein eor- 
responds to the pattern of the superior mesenterie artery and inferior mesenterie artery. B. Lymph from the large intestine fìows sequentially to epieolie nodes 
(on the gut), paraeolie nodes (along mesenterie border), intermediate eolie nodes (along the eolie arteries), and then to the superior or inferior mesenterie 
nodes and the intestinal trunks. C. Innervation ofthe eolon occurs by means of mixed peri-aterial plexuses extending from the superior and inferior mesen- 
terie ganglia along the respeetive arteries. D. Parasympathetie fìbers from S2-S4 spinal eord levels aseend independently from the inferior hypogastrie (pelvie) 
plexuses to reaeh the sigmoid eolon, deseending eolon, and distal transverse eolon. 
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(A) Anterior views (B) 

FIGIJRE 2.57. EfFeet of body type (body habitus) on dísposition of 
the transverse eolon. A. A heavily built hyperesthenie individual with a 
short thorax and a long abdomen is likely to have a transverse eolon that 
is plaeed high. B. Individuals with a slender asthenie physique are likely to 
have a transverse eolon that dips down toward or into the pelvis. 


The deseending eolon occupies a seeondarily retro- 
peritoneal position between the left eolie flexure and the 
left iliae fossa, where it is continuous with the sigmoid eolon 
(Fig. 2.52). Thus, peritoneum eovers the eolon anteriorly 
and laterally and binds it to the posterior abdominal wall. 
Althongh retroperitoneal, the deseending eolon, espeeially in 
the iliae fossa, has a short mesentery in approximately 33% of 
people; however, it is usually not long enongh to cause vol- 
vulus (twisting) of the eolon. As it deseends, the eolon passes 
anterior to the lateral border of the left kidney. As with the 
aseending eolon, the deseending eolon has a paraeolie gatter 
(the left one) on its lateral aspeet (see Fig. 2.49A). 

The sigmoid eolon, eharaeterized by its S-shaped loop of 
variable length, links the deseending eolon and the reetnm 
(Fig. 2.52). The sigmoid eolon extends from the iliae fossa to 
the third saeral (S3) vertebra, where it joins the reetnm. The 
termination of the teniae eoli, approximately 15 em from the 
anus, indieates the reetosigmoid jnnetion. 

The sigmoid eolon usually has a long mesentery—^the sig- 
moid mesoeolon —and therefore has eonsiderable freedom of 
movement, espeeially its middle part. (See the blue box 'Yolvu- 
lus of Sigmoid Golon,” p. 261.) The root of the sigmoid meso- 
eolon has an inverted V-shaped attaehment, extending flrst 
medially and snperiorly along the extemal iliae vessels and then 
medially and inferiorly from the bifnreation of the eommon iliae 
vessels to the anterior aspeet of the saemm. The left nreter and 
the division of the left eommon iliae artery lie retroperitoneally, 
posterior to the apex of the root of the sigmoid mesoeolon. The 
omental appendiees of the sigmoid eolon are long (Fig. 2.52A); 
they disappear when the sigmoid mesentery terminates. The 
teniae eoli also disappear as the longitndinal mnsele in the wall 
of the eolon broadens to form a eomplete layer in the reetnm. 

The artenal supply of the deseending and sigmoid eolon 
is from the left eolie and sigmoid arteries, branehes of the 


inferior mesenterie artery (Fig. 2.54; Table 2.10). Thus, at 
approximately the left eolie flexure, a seeond transition oeenrs 
in the blood snpply of the abdominal part of the alimentary 
eanal: the SMA snpplying blood to that part orad (proximal) 
to the flexure (derived from the embryonie midgnt), and the 
IMA snpplying blood to the part aborad (distal) to the flexure 
(derived from the embryonie hindgnt). The sigmoid arteries 
deseend obliquely to the left, where they divide into aseend- 
ing and deseending branehes. The snperior braneh of the 
most snperior sigmoid artery anastomoses with the deseend- 
ing braneh of the left eolie artery, thereby forming a part of the 
marginal artery. Venons drainage from the deseending eolon 
and sigmoid eolon is provided by the inferior mesentene vein, 
flowing usually into the splenie vein and then the hepatie por- 
tal vein on its way to the liver (see Figs. 2.56A and 2.75B). 

Lymphatie drainage from the deseending eolon and sig- 
moid eolon is eondneted throngh vessels passing to the epieo- 
lie and paraeolie nodes, and then throngh the intermediate 
eolie lymph nodes along the left eolie artery (Fig. 2.56B). 
Lymph from these nodes passes to the inferior mesenterie 
lymph nodes that lie aronnd the IMA. However, lymph 
from the left eolie flexure may also drain to the snperior mes- 
enterie lymph nodes. 

Orad (toward the mouth, or proximal) to the left eolie 
flexure, sympathetie and parasympathetie flbers travel 
together from the abdominal aortie plexus via peri-arterial 
plexuses to reaeh the abdominal part of the alimentary traet 
(Fig. 2.56C); however, aborad (away from the mouth, or dis- 
tal) to the flexure, they follow separate routes. 

The sympathetie nerve supply of the deseending and sig- 
moid eolon is from the lumbar part of the sympathetie trunk 
via Inmbar (abdominopelvie) splanehnie nerves, the snperior 
mesenterie plexus, and the peri-arterial plexuses following 
the inferior mesenterie artery and its branehes. 

The parasympathetie nerve supply is from the pelvie 
splanehnie nerves via the inferior hypogastrie (pelvie) plexus 
and nerves, which aseend retroperitoneally from the plexus, 
independent of the arterial snpply to this part of the gastro- 
intestinal traet (Fig. 2.56D). Orad to the middle of the sig- 
moid eolon, viseeral afferents eonveying pain sensation pass 
retrogradely with sympathetie flbers to thoraeolnmbar spinal 
sensory ganglia, whereas those earrying reflex information 
travel with the parasympathetie flbers to vagal sensory gan- 
glia. Aborad to the middle of the sigmoid eolon, all viseeral 
afferents follow the parasympathetie flbers retrogradely to 
the sensory ganglia of spinal nerves S2-S4 (see also “Sum- 
mary of Innervation of Abdominal Viseera,” p. 300). 

RECTUM AND ANAL GANAL 

The rectum is the flxed (primarily retroperitoneal and sub- 
peritoneal) terminal part of the large intestine. It is eontinn- 
ous with the sigmoid eolon at the level of S3 vertebra. The 
jnnetion is at the inferior end of the mesentery of the sig- 
moid eolon (Fig. 2.52). The reetnm is continuous inferiorly 
with the anal eanal. These parts of the large intestine are 
deseribed with the pelvis in Ghapter 3. 
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ESOPHAGUS AND STOMAGH 



Esophageal Variees 

Because the submucosal veins of the inferior 
esophagus drain to both the portal and systemie 
venons systems, they eonstitnte a portosystemie 
anastomosis. In portal hypertension (an abnormally 
inereased blood pressnre in the portal venons system), 
blood is nnable to pass throngh the liver via the hepatie 
portal vein, eansing a reversal of flow in the esophageal 
tribntary. The large volnme of blood eanses the submucosal 
veins to enlarge markedly, forming esophageal variees 
(Fig. B2.7). These distended eollateral ehannels may rup- 
ture and eanse severe hemorrhage that is life-threatening 
and diffienlt to eontrol snrgieally. Esophageal variees eom- 
monly develop in persons who have developed aleoholie 
eirrhosis (fibrons searring) of the liver (see the blue box 
“Girrhosis of the Liver,” p. 285). 



Pyrosis 

Pyrosis (G., burning), or “heartbnrn,” is the most 
eommon type of esophageal diseomfort or snbstemal 
pain. This bnming sensation in the abdominal part of 
the esophagns is usually the result of regurgitation of small 
amonnts of food or gastrie fluid into the lower esophagns {gas- 
troesophageal reflux disorder; GERD). Pyrosis may also be 
assoeiated with hiatal hernia (see “Hiatal Hernia”). As indi- 
eated by its eommon name, heartbnrn, pyrosis is eommonly 
pereeived as a “ehest” (vs. abdominal) sensation. 


Displaeement of Stomaeh 

Panereatie pseudo-cysts and abseesses in the omental 
bursa may push the stomaeh anteriorly. This dis- 
plaeement is usually visible in lateral radiographs 
of the stomaeh and other diagnostie images, such as computed 
tomography (CT). Fo\\owingpanereatitis (inflammation of the 
panereas), the posterior wall of the stomaeh may adhere to 
the part of the posterior wall of the omental bursa that eovers 





View through esophagoseope 
of esophageal variees 


FIGUREB2.7. 


the panereas. This adhesion oeenrs beeanse of the elose rela- 
tionship of the posterior wall of the stomaeh to the panereas. 


Hiatal Hernia 



A hiatal (hiatns) hernia is a protrnsion of part of the 
stomaeh into the mediastinnm throngh the esoph- 
ageal hiatns of the diaphragm. The hernias occur 
most often in people after middle age, possibly beeanse of 
weakening of the muscular part of the diaphragm and widen- 
ing of the esophageal hiatns. Althongh elinieally there are 
several types of hiatal hernia, the two main types are 
paraesophageal hiatal hernia and sliding hiatal hernia 
(Skandalakis et ak, 1996). 

In the less eommon para-esophageal hiatal hemia, the eardia 
remains in its normal position (Fig. B2.8A). However, aponeh of 
peritonenm, often eontaining part of the fundus of the stomaeh, 
extends throngh the esophageal hiatns anterior to the esopha- 
gus. In these eases, usually no regnrgitation of gastrie eontents 
oeenrs beeanse the eardial orifiee is in its normal position. 

In the eommon sliding hiatal hernia, the abdominal part 
of the esophagns, the eardia, and parts of the fundus of the 
stomaeh slide superiorly through the esophageal hiatus into 
the thorax, espeeially when the person lies down or bends over 
(Fig. B2.8B). Some regnrgitation of stomaeh eontents into the 
esophagns is possible beeanse the elamping aetion of the right ems 
of the diaphragm on the inferior end of the esophagns is weak. 


Pylorospasm 

Spasmodie eontraetion of the pylorns sometimes 
oeenrs in infants, usually between 2 and 12 weeks of 
age. Pylorospasm is eharaeterized by failnre of the 
smooth mnsele fibers eneireling the pylorie eanal to relax nor- 
mally. As a resnlt, food does not pass easily from the stomaeh 
into the duodenum and the stomaeh beeomes overly full, usu- 
ally resulting in diseomfort and vomiting. 



eongenìtal Hypertrophìe 
Pylorie Stenosis 



Gongenital hypertrophie pylorie stenosis is a marked 
thiekening of the smooth mnsele (hypertrophy) in 
the pyloms that affeets approximately 1 of every 150 
male infants and 1 of every 750 female infants (Moore, 
Persand, and Torehia, 2012). Normally, gastrie peristalsis 
pnshes ehyme throngh the pylorie eanal and orifiee into the 
small intestine at irregnlar intervals (Fig. B2.9A). In neonates 
with pylorie stenosis, the elongated overgrown pyloms is hard 
and the pylorie eanal is narrow (Fig. B2.9B), resisting gastrie 
emptying. Proximally, the stomaeh may beeome seeondarily 
dilated beeanse of the pylorie stenosis (narrowing). Althongh 
the cause of eongenital hypertrophie pylorie stenosis is 
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Anterior views 
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FIGURE B2.9. Gongenìtal hypertrophìe pylorìe stenosìs. A. Normal 
passage through the pylorie sphineter is shown. B. Stoppage of fìow owing 
to stenosis is demonstrated. 


unknown, genetie faetors appear to be involved beeanse of this 
eondition s high ineidenee in infants of monozygotie twins. 


Carcinoma of Stomaeh 



When the body or pylorie part of the stomaeh eontains 
a malignant tnmor, the mass may be palpable. Using 
a gastroseope, physieians ean inspeet the mneosa of 
the air-inflated stomaeh, enabling them to observe gastrie 
lesions and take biopsies (Fig. B2.10). The extensive lymphatie 
drainage of the stomaeh and the impossibility of removing all 
the lymph nodes ereate a snrgieal problem. The nodes along 
the splenie vessels ean be exeised by removing the spleen, gas- 
trosplenie and splenorenal ligaments, and the body and tail of 
the panereas. Involved nodes along the gastro-omental 
vessels ean be removed by reseeting the greater omentnm; 
however, removal of the aortie and eeliae nodes and those 
aronnd the head of the panereas is diffienlt. 
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Gastroseope is introduced nasally or orally and led slowly 
down the esophagus and gastrointestinal traet until desired 
level is reaehed. 

FIGURE B2.10. 



Gastreetomy and 
Lymph Node Reseetìon 

Total gastreetomy (removal of the entire stomaeh) is 
nneommon. Partial gastreetomy (removal of part of 
the stomaeh) may be performed to remove a region of 
the stomaeh involved by a eareinoma, for example. Beeanse the 
anastomoses of the arteries snpplying the stomaeh provide 
good eollateral eirenlation, one or more arteries may be ligated 
dnring this proeednre without serionsly affeeting the blood 
snpply to the part of the stomaeh remaining in plaee. When 
removing the pylorie antrnm, for example, the greater omen- 
tnm is ineised parallel and inferior to the right gastro-omental 
artery, reqmring ligation of all the omental branehes of this 
artery. The omentnm does not degenerate, hovvever, beeanse 
of anastomoses with other arteries, sneh as the omental 
branehes of the left gastro-omental artery, whieh are still intaet. 
Partial gastreetomy to remove a eareinoma nsnally also requires 
removal of all involved regional lymph nodes. Beeanse eaneer 
frequently oeenrs in the pylorie region, removal of the pylorie 
lymph nodes as well as the right gastro-omental lymph nodes 
also reeeiving lymph drainage from this region is espeeially 
important. As stomaeh eaneer beeomes more advaneed, the 
lymphogenons dissemination of malignant eells involves the 
eeliae lymph nodes, to which all gastrie nodes drain. 


Gastrie IJleers, Peptie IJleers, 
Helieobaeter pylori, and Vagotomy 

Gastrie nleers are open lesions of the mneosa of the 
stomaeh, whereas peptie nleers are lesions of the 



mneosa of the pylorie eanal or, more often, the dno- 
dennm. Most nleers of the stomaeh and dnodennm are assoei- 
ated with an infeetion of a speeifie baeterinm, Helieohaeter 
pylori {H. pylori). People experiencing severe ehronie anxiety 
are most prone to the development of peptie nleers. They often 
have gastrie aeid seeretion rates that are markedly higher than 
normal between meals. It is thonght that the high aeid in the 
stomaeh and dnodennm ovenvhelms the biearbonate normally 


prodneed by the dnodennm and rednees the effeetiveness of 
the mneons lining, leaving it vnlnerable to H. pylori. The bae- 
teria erode the proteetive mneons lining of the stomaeh, infiam- 
ing the mneosa and making it vnlnerable to the effeets of the 
gastrie aeid and digestive enzymes (pepsin) prodneed by the 
stomaeh. 

If the nleer erodes into the gastrie arteries, it ean eanse life- 
threatening bleeding. Beeanse the seeretion of aeid by parietal 
eells of the stomaeh is largely eontrolled by the vagns nerves, 
vagotomy (snrgieal seetion of the vagns nerves) is performed 
in some people with ehronie or reenrring nleers to rednee 
the prodnetion of aeid. Vagotomy may also be performed in 
eonjnnetion with reseetion of the nleerated area {antreetomy, 
or reseetion of the pylorie antrnm) to rednee aeid seeretion. 
A tmneal vagotomy (snrgieal seetion of the vagal trnnks) is 
rarely performed beeanse the innervation of other abdominal 
strnetnres is also saerifieed (Fig. B2.11A). In seleetive gastne 
vagotomy, the stomaeh is denervated bnt the vagal branehes 
to the pylorns, liver and biliary dnets, intestines, and eeliae 
plexus are preserved (Fig. B2.11B). A seleetive proximal 
vagotomy attempts to denervate even more speeifieally the 
area in which the parietal eells are loeated, hoping to affeet 
the aeid-prodneing eells while sparing other gastrie fnnetion 
(motility) stimnlated by the vagns nerve (Fig. B2.11C). 

A posterior gastrie nleer may erode throngh the stom- 
aeh wall into the panereas, resnlting in referred pain to the 
baek. In sneh eases, erosion of the splenie artery resnlts in 
severe hemorrhage into the peritoneal eavity. Pain impnlses 
from the stomaeh are earried by viseeral afferent fibers that 
aeeompany sympathetie nerves. This faet is evident beeanse 
the pain of a reenrrent peptie nleer may persist after eom- 
plete vagotomy, whereas patients who have had a bilateral 



Geliae ganglion 


Posterior 1 

>Vagal trunk 

Anterior J 


Anterior views 


FIGURE B2.11. Vagotomy. Tmneal (A), seleetive gastrie (B), and selee- 
tive proximal (C) vagotomy are shovvn. Red bars indieate site of surgical 
seetion of nerve. 
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sympatheetomy may have a perforated peptie ulcer and snperior part of the duodenum within 3 em of the pylorns. 
experience no pain. Oeeasionally, an nleer perforates the duodenal wall, per- 



Vìseeral Referred Paìn 

Pain is an nnpleasant sensation assoeiated with actual 
or potential tissue damage and mediated by speeifìe 
nerve fìbers to the brain, where its conscious appre- 
eiation may be modifìed. Organie pain arising from an organ 
sneh as the stomaeh varies from dull to severe; however, the 
pain is poorly loealized. It radiates to the dermatome level, 
which reeeives viseeral afferent fìbers from the organ eon- 
eemed. Viseeral referred pain from a gastrie nleer, for exam- 
ple, is referred to the epigastrie region because the stomaeh is 
snpplied by pain afferents that reaeh the T7 and T8 spinal sen- 
sory ganglia and spinal eord segments through the greater 


mitting the eontents to enter the peritoneal eavity and 
eansing peritonitis. Beeanse the superior part of the dno- 
dennm elosely relates to the liver, gallbladder, and pan- 
ereas, any of these structures may beeome adherent to the 
infìamed dnodennm. They may also beeome nleerated as 
the lesion eontinnes to erode the tissue that surrounds it. 
Althongh bleeding from dnodenal nleers eommonly 
oeenrs, erosion of the gastrodnodenal artery (a posterior 
relation of the snperior part of the dnodennm) by a duo- 
denal nleer resnlts in severe hemorrhage into the perito- 
neal eavity and subsequent peritonitis. 


Developmental Ghanges 


splanehnie nerve (Fig. B2.12). The brain interprets the pain as in ]V[eS0d.110deniim 


though the irritation oeenrred in the skin of the epigastrie 
region, which is also supplied by the same sensory ganglia and 
spinal eord segments. 

Pain arising from the parietal peritonenm is of the somatie 
type and is nsnally severe. The site of its origin ean be loeal- 
ized. The anatomieal basis for this loealization of pain is 
that the parietal peritonenm is snpplied by somatie sensory 
fìbers throngh thoraeie nerves, whereas a viscus sneh as the 
appendix is snpplied by viseeral afferent fìbers in the lesser 
splanehnie nerve. Infìamed parietal peritonenm is extremely 
sensitive to stretehing. When digital pressure is applied to 
the anterolateral abdominal wall over the site of infìamma- 
tion, the parietal peritonenm is stretehed. When the fìngers 
are suddenly removed, extreme loealized pain is nsnally felt, 
known as rehonnd tendemess. 



Dnring the early fetal period, the entire dnode- 
nnm has a mesentery; however, most of it fnses 
with the posterior abdominal wall beeanse of pres- 
snre from the overlying transverse eolon. Beeanse the 
attaehment of the mesodnodennm to the wall is seeondary 
(oeenrred throngh formation of sl fasion faseia; disenssed 
nnder “Embryology of Peritoneal Gavity,” p. 218), the dno- 
dennm and the elosely assoeiated panereas ean be sepa- 
rated (snrgieally mobilized) from the nnderlying 
retroperitoneal viseera dnring snrgieal operations involving 
the dnodennm without endangering the blood snpply to the 
kidney or the nreter. 


SMALL AND LARGE INTESTINE 


Duodenal IJleers 


Paraduodenal Hernias 

There are two or three ineonstant folds and fossae 
reeesses) around the dnodenojejnnal fìexure (Fig. 
B2.13). The paradnodenal fold andfossa are large 
and lie to the left of the aseending part of the duodenum. If 




Dnodenal nleers (peptie nleers) SiYe ìrAsimmSitory a loop of intestine enters this fossa, it may strangnlate. 
erosions of the dnodenal mneosa. Most (65%) During repair of a/lernm, earemnstbetaken 
dnodenal nleers oeenr in the posterior wall of the not to injnre the branehes of the inferior mesenterie artery 
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Liver 
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Cecunn and 
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FIGURE B2.12. 
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Navìgating Small Intestine 

When portions of the small intestine have been deliv- 
ered throngh a snrgieal wound, the proximal (orad— 
toward the month) and distal (aborad—away from 
the month) ends of a loop of intestine are not apparent. If yon 
try to follow the intestine in a partienlar direetion (e.g., 
attempting to follow the ilenm to the ileoeeeal jnnetion), it is 
important to know which end is which. Normal peristalsis may 
not be present to provide a elne. Plaee yonr hands on eaeh side 
of the intestine and its mesentery and then follow the mesen- 
tery with yonr fingers to its root (its attaehment to the posterior 
abdominal wall), untwisting the loop of intestine as neeessary. 
Onee the mesentery and intestine are straightened to mateh 
the direetion of the root, the eranial end mnst be the orad end, 
and the eandal end the aborad end. 


Anterior view 


FIGURE B2.13 


and vein or the aseending branehes of the left eolie artery, 
which are elosely related to the paradnodenal fold and 
fossa. 



Brief Review of Embryologieal 
Rotation of Midgnt 

An nnderstanding of the rotation of the midgnt elari- 
fies the adnlt arrangement of the intestines. The pri- 


isehemia of Intestine 

Oeelnsion of the vasa reeta (see Fig. 2.48B) by 
emboli (e.g., blood elots) resnlts in isehemia of the 
part of the intestine eoneerned. If the isehemia is 
severe, neerosis (tissne death) of the involved segment resnlts 
and ilens (obstrnetion of the intestine) of the paralytie type 
oeenrs. Ilens is aeeompanied by a severe eolieky pain, along 
with abdominal distension, vomiting, and often fever and 
dehydration. If the eondition is diagnosed early (e.g., nsing a 
snperior mesenterie arieriogram), the obstrneted part of the 
vessel may be eleared snrgieally. 



Ileal Diverticulum 



An ileal divertienlnm (or Meekel divertienlnm) is a eon- 
genital anomaly that oeenrs in 1-2% of the popnlation. 
A remnant of the proximal part of the embryonie 


mordial gnt eomprises the foregnt, midgnt, and 
hindgnt. Pain arising from foregnt derivatives—esophagns, 
stomaeh, panereas, dnodennm, liver, and biliary dnets—loeal- 
izes in the epigastrie region. Pain arising from midgnt deriva- 
tives—the small intestine distal to bile dnet, eeenm, appendix, omphaloenterie dnet (yolk stalk), the divertienlnm nsnally 

aseending eolon, and most of the transverse eolon—loealizes in appears as a finger-like poneh (Fig. B2.15A). It is always at the 

the peri-umhilical region. Pain arising from hindgnt deriva- site of attaehment of the omphaloenterie dnet on the anti- 

tives—the distal part of the transverse eolon, deseending eolon, mesenterie border (border opposite the mesenterie attaehment) 

sigmoid eolon, and reetnm—loealizes in the hypogastrie oftheilenm. Thedivertienlnmisnsnallyloeated 30-60 emfrom 


region (see Table 2.1). 


the ileoeeeal jnnetion in infants and 50 em in adnlts. It may be 


For 4 weeks, the rapidly growing midgnt, snpplied by free (74%) or attaehed to the nmbiliens (26%) (Fig. B2.15B). 

the SMA, is physiologieally herniated into the proximal part Althongh its mneosa is mostly ileal in type, it may also inelnde 

of the nmbilieal eord (Fig. B2.14A). It is attaehed to the areasofacid-producinggastrictissue,pancreatictissue,orjejunal 
nmbilieal vesiele (yolk sae) by the omphalo-enterie dnet or eolonie mneosa. An ileal divertienlnm may beeome infiamed 
(yolk stalk). As it retnrns to the abdominal eavity, the midgnt and prodnee pain mimieking that prodneed by appendieitis. 
rotates 270° aronnd the axis of the SMA (Fig. B2.14B & C). 


Positìon of Appendix 

A retroeeeal appendix extends snperiorly toward 


As the relative size of the liver and kidneys deereases, the 
midgnt retnrns to the abdominal eavity as inereased spaee 
beeomes available. As the parts of the intestine reaeh their 
definitive positions, their mesenterie attaehments nndergo 
modifieation (Fig. B2.14D & E). Some mesenteries shorten 


the right eolie fiexure and is nsnally free (see Fig. 
2.53C). It oeeasionally lies beneath the peritoneal 
and others disappear (e.g., most of dnodenal mesentery). eovering of the eeenm, where it is often fnsed to the eeenm 
Malrotation of the midgnt resnlts in several eongeni- or the posterior abdominal wall. The appendix may projeet 

tal anomalies sneh as volvnlns (twisting) of the intestine inferiorly toward or aeross the pelvie brim. The anatomieal 



(Moore et ak, 2012). 


position of the appendix determines the symptoms and the 
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FIGURE B2.14. 


site of muscular spasm and tenderness when the appendix is 
inflamed. The base of the appendix lies deep to a point that 
is one third of the way along the oblique line joining the right 
ASIS (anterior snperior iliae spine) to the umbilicus 
{MeBnrney point on spino-nmhilieal line). 


Appendieitis 



Acute inflammation of the appendix, appendieitis, is 
a eommon cause of an aente ahdomen (severe 
abdominal pain arising snddenly). Usually, digital 
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FIGURE B2.15. 


pressure over the MeBurney point registers maximum abdom- 
inal tenderness. Appendieitis in young people is usually caused 
by hyperplasia of lymphatie follieles in the appendix that 
oeelndes the lumen. In older people, the obstrnetion usually 
results from Sifeealith {eoprolith), a eoneretion that forms 
aronnd a eenter of feeal matter. When seeretions from the 
appendix eannot eseape, the appendix swells, stretehing the 
viseeral peritonenm. The pain of appendieitis usually eom- 
menees as a vague pain in the peri-umbilical region beeanse 
afferent pain fibers enter the spinal eord at the TIO level. 
Later, severe pain in the right lower quadrant resnlts from irri- 
tation of the parietal peritonenm lining the posterior abdomi- 
nal wall. Extending the thigh at the hip joint elieits pain. 

Acute infeetion of the appendix may resnlt in thromhosis 
(elotting of blood) in the appendienlar artery, which often 
resnlts in isehemia, gangrene (death of tissne), and perfo- 
ration of an infiamed appendix. Rupture of the appendix 
resnlts in infeetion of the peritonenm (peritonitis), inereased 
abdominal pain, nansea and/or vomiting, and ahdominal 
rigidity (stiffness of abdominal mnseles). Flexion of the right 
thigh ameliorates the pain beeanse it eanses relaxation of the 
right psoas mnsele, a fiexor of the thigh. 


made perpendienlar to the spino-umbilical line, but a trans- 
verse ineision is also eommonly used. The ehoiee of ineision site 
and type is at the snrgeon’s diseretion. While typieally the 
infiamed appendix is deep to the MeBnrney point, the site of 
maximal pain and tendemess indieates the aetnal loeation. 

Laparoseopie appendeetomy has beeome a standard pro- 
eednre seleetively ntilized for removing the appendix. The peri- 
toneal eavity is first infiated with earbon dioxide gas, distending 
the abdominal wall, to provide viewing and working spaee. The 
laparoseope is passed throngh a small ineision in the anterolat- 
eral abdominal wall (e.g., near or throngh the umbilicus). One 
or two other small ineisions C portals”) are required for surgical 
(instmment) aeeess to the appendix and related vessels. 

In unusual eases of malrotation of the intestine, or failure 
of deseent of the cecum, the appendix is not in the lower 
right quadrant (LRQ). When the cecum is high {snhhepatie 
cecum), the appendix is in the right hypoehondriae region 
(see Table 2.1) and the pain loealizes there, not in the LRQ. 


Mobile Aseending Colon 

When the inferior part of the aseending eolon has a 



mesentery, the cecum and proximal part of the eolon 
are abnormally mobile. This eondition, present in 
approximately 11% of individnals, may cause volvulus of the 
eolon (L. volvo, to roll), an obstmetion of the intestine resnlting 
from twisting. Cecopexy (fixation) may avoid volvulus and pos- 
sible obstmetion of the eolon. In this anehoring proeednre, a 
tenia eoli of the cecum and proximal aseending eolon is sutured 
to the abdominal wall. 


eolitis, Colectomy, Ileostomy, 
and Golostomy 




ehronie infiammation of the eolon {ulcer- 
ative eolitis, Crohn disease) is eharaeter- 
ized by severe infiammation and nleeration 
of the eolon and reetnm. In some eases, a eoleetomy is per- 
formed, dnring which the terminal ileum and eolon, as well 
as the reetnm and anal eanal, are removed. An ileostomy is 
then eonstmeted to establish a stoma, an artifieial opening of 
the ileum through the skin of the anterolateral abdominal 
wall (Fig. B2.16A). The terminating ileum is delivered 
through and sutured to the periphery of an opening in the 
anterolateral abdominal wall, allowing the egress of its eon- 
tents. Following a partial eoleetomy, a eolostomy or sig- 
moidostomy is performed to ereate an artifieial cutaneous 
opening for the terminal part of the eolon (Fig. B2.16B). 


Golonoseopy 

The interior of the eolon ean be observed and photo- 
graphed in a proeednre ealled eolonoseopy or eolos- 
eopy, using a long, fiexible fiberoptie endoseope 
eolonoseope) inserted into the eolon throngh the anus and 
Snrgieal Ineisions,” p. 198). Traditionally, a gridiron ineision is reetnm (Fig. B2.17A). Small instmments ean be passed throngh 


Appendeetomy 

Snrgieal removal of the appendix (appendeetomy 
may be performed throngh a transverse or gridiron 
(mnsele-splitting) ineision eentered at the MeBnrney 
point in the right lower quadrant (see the blue box “Abdominal 
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FIGITRE B2.16. A. Ileostomy. B. Golostomy. 



Deseending eolon 



FIGITRE B2.18. Volvulus of sìgmoìd eolon. 


the eolonoseope and nsed to faeilitate minor operative proee- mesenterie side of the two nonmesenterie teniae eoli, where 

dnres, sneh as biopsies or removal of polyps. Most tnmors of the nntrient arteries perforate the mnsele eoat to reaeh the snbmn- 

large intestine oeenr in the sigmoid eolon and reetnm; they eosa. Divertienla are snbjeet to infeetion and rnptnre, leading 

often appear near the reetosigmoid jnnetion. The interior of the to divertienlitis, which ean distort and erode the nntrient arter- 

sigmoid eolon is observed with a sigmoidoseope, a shorter ies, leading to hemorrhage. Diets high in fiber have proven 


endoseope, in a proeednre ealled sigmoidoseopy. 


benefieial in redneing the oeenrrenee of divertienlosis. 


Divertìculosìs 



Diverticulosis is a disorder in which mnltiple false 
divertienla (external evaginations or ont-poeketings 
of the mneosa of the eolon) develop along the intes- 


Volvulus of Sigmoid Colon 

Rotation and twisting of the mobile loop of the sig- 
moid eolon and mesoeolon— ^volvulus of the sig- 
moid eolon (Fig. B2.18)—resnlts in obstrnetion of 



tine. It primarily affeets middle-aged and elderly people. the Inmen of the deseending eolon and any part of the sigmoid 

Divertienlosis is eommonly fonnd in the sigmoid eolon (Fig. eolon proximal to the twisted segment. Constipation (inability 

B2.17C & D). Golonie divertienla are not trne divertienla ofthe stooltopass) andisc/i^mi <2 (absenceofbloodfiow) ofthe 

beeanse they are formed from protrnsions of mneons mem- looped part of the sigmoid eolon resnlt, which may progress to 

brane only, evaginated throngh weak points (separations) feeal impaetion (an immovable eolleetion of eompressed or 

developed between mnsele fibers rather than involving the hardened feees) of the eolon and possible neerosis (tissne 

whole wall of the eolon. They oeenr most eommonly on the death) of the involved segment if nntreated. 
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FIGIJRE B2.17. Examìnatìon of large ìntestìne. A. The eolonoseopie procedure. B. Diverticulosis ofthe eolon, as photographed through a eolonoseope 
e. The parts of a eolonoseope. Photographs ean be taken by a eamera attaehed to the eolonoseope. D. Diverticula in the sigmoid eolon are shovvn. 
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The Bottom Lìne 


ESOPHAGUS AND STOMAGH 

Esophagus: The esophagus is a tubular eonveyer of food, 
delivering it from the pharynx to the stomaeh. ♦ The esopha- 
gus penetrates the diaphragm at the T1 0 vertebral level, 
passing through its right crus, which decussates around it 
to form the physiologieal inferior esophageal sphineter. ♦ 

The trumpet-shaped abdominal part, eomposed entirely of 
smooth muscle innervated by the esophageal nerve plexus, 
enters the eardial part of the stomaeh. ♦ The abdominal 
part of the esophagus reeeives blood from esophageal 
branehes of the left gastrie artery (from the eeliae trunk). 

♦ Submucosal veins drain to both the systemie and portal 
venous systems and thus constitute portoeaval anastomoses 
that may beeome varieose in the presenee of portal hyperten- 
sion. ♦ Internally, in living people, the esophagus is demar- 
eated from the stomaeh by an abrupt mucosal transition, the 
Z-line. 

Stomaeh: The stomaeh is the dilated portion of the ali- 
mentary traet between the esophagus and the duodenum, 
speeialized to accumulate ingested food and prepare it ehemi- 
eally and meehanieally for digestion. ♦ The stomaeh lies asym- 
metrieally in the abdominal eavity, to the left of the midline 
and usually in the upper left quadrant. However, the position 
of the stomaeh ean vary markedly in persons of different body 
types. ♦ The abdominal portion of the esophagus enters its 
eardial portion, and its pylorie part leads to the exit to the 
duodenum. ♦ Gastrie emptying is eontrolled by the pylorus. 

♦ In life, the internal surface of the stomaeh is eovered with a 
proteetive layer of mucus, overlying gastrie folds that disap- 
pear with distension. ♦ The stomaeh is intraperitoneal, with 
the lesser omentum (enelosing the anastomoses between right 
and left gastrie vessels) attaehed to its lesser curvature, and 
the greater omentum (enelosing the anastomoses between 
right and left gastro-omental vessels) attaehed to its greater 
curvature. ♦ The vessels of its curvatures serve the body and 
pylorie antrum of the stomaeh. The upper body and fundus 
are served by short and posterior gastrie vessels. ♦ The trilam- 
inar smooth muscle of the stomaeh and gastrie glands reeeive 
parasympathetie innervation from the vagus; sympathetie 
innervation to the stomaeh is vasoeonstrietive and antiperi- 
staltie. 

SMALL AND LARGE INTESTINES 

Small ìntestìne: The duodenum is the first part of the small 
intestine, reeeiving ehyme mixed with gastrie aeid and pepsin 
direetly from the stomaeh via the pylorus. ♦ The duode- 
num follows a mostly seeondarily retroperitoneal, C-shaped 
course around the head of the panereas. ♦ The deseending 
part of the duodenum reeeives both the bile and the panere- 
atie ducts. ♦ At or just distal to this level, a transition occurs 
in the blood supply of the abdominal part of the digestive 
traet. Proximal to this point it is supplied by branehes of the 


eeliae trunk; distal to this point, it is supplied by branehes of 
the superior mesenterie artery. 

Thejejunum and ileum make up the convolutions ofthe 
small intestine occupying most of the infraeolie division of 
the greater sae ofthe peritoneal eavity. ♦ Thejejunum is 
mostly to the upper right, and the ileum to the lower left. 
Together they are 3-4 m in length (in the eadaver; less in 
living people owing to the structures’ tonieity). The orad 
(proximal relative to the mouth) two fifths isjejunum and 
the aborad (distal) three fifths is ileum, although there is 
no elear line of transition. The diameter of the small intes- 
tine beeomes inereasingly smaller as the semifluid ehyme 
progresses through it. ♦ Its blood vessels also beeome 
smaller, but the number of tiers of areades inereases while 
the length of the vasa reeta deereases. ♦ The fat in which 
the vessels are embedded within the mesentery inereases, 
making these features more difficult to see. ♦ The ileum 
is eharaeterized by an abundance of lymphoid tissue, 
aggregated into lymphoid nodules (Peyer patehes). ♦ The 
intraperitoneal portion of the small intestine (JeJunum and 
ileum) is suspended by the mesentery, the root of which 
extends from the duodenoJeJunal Junction to the left ofthe 
midline at the L2 level to the ileoeeeal Junction in the right 
iliae fossa. ♦ An ileal diverticulum is a eongenital anomaly 
present in 1-2% ofthe population. It is 3-6 em in length 
and is typieally loeated 50 em from the ileoeeeal Junction in 
adults. 

Large ìntestìne: The large intestine eonsists of the 
cecum; appendix; aseending, transverse, deseending, and 
sigmoid eolon; rectum; and anal eanal. ♦ The large intestine 
is eharaeterized by teniae eoli, haustra, omental appendi- 
ees, and a large ealiber. ♦ The large intestine begins at the 
ileoeeeal valve; but its first part, the cecum, is a poeket that 
hangs inferior to the valve. ♦ The pouch-like cecum, the wid- 
est part of the large intestine, is eompletely intraperitoneal 
and has no mesentery, so that it is mobile within the right 
iliae fossa. ♦ The ileoeeeal valve is a eombination valve and 
weak sphineter, aetively opening periodieally to allow entry 
of ileal eontents and forming a largely passive one-way valve 
between the ileum and the cecum, preventing reflux. ♦ The 
appendix is an intestinal diverticulum, rieh in lymphoid tis- 
sue, that enters the medial aspeet of the cecum, usually deep 
to theJunction ofthe lateral third and medial two thirds of 
the spino-umbilical line. Most eommonly, the appendix is 
retroeeeal in position, but 32% of the time it deseends into 
the lesser pelvis. ♦ The cecum and appendix are supplied by 
branehes of the ileoeeeal vessels. 

The eolon has four parts: aseending, transverse, 
deseending, and sigmoid. ♦ The aseending eolon is a supe- 
rior, seeondarily retroperitoneal continuation of the cecum, 
extending between the level of the ileoeeeal valve and the 
right eolie flexure. ♦ The transverse eolon, suspended by 
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the transverse mesoeolon between the right and left flex- 
ures, is the longest and most mobile part of the large intes- 
tine. The level to which it deseends depends largely on body 
type (habitus). ♦ The deseending eolon occupies a seeond- 
arily retroperitoneal position between the left eolie flexure 
and left iliae fossa, where it is continuous with the sigmoid 
eolon. ♦ The S-shaped sigmoid eolon, suspended by the 
sigmoid mesoeolon, is highly variable in length and disposi- 
tion, ending at the reetosigmoid junction. The teniae, haus- 
tra, and omental appendiees eease at theJunction, loeated 
anteriorto the third saeral segment. 

The part of large intestine orad (proximal) to the 
left eolie flexure (cecum, appendix, and aseending and 
transverse eolons) is served by branehes of the superior 
mesenterie vessels. Aborad (distal) to the flexure, most of 
the remainder of the large intestine (deseending and sig- 


moid eolons and superior rectum) is served by the inferior 
mesenterie vessels. ♦ The left eolie flexure also marks the 
divide between eranial (vagal) and saeral (pelvie splaneh- 
nie) parasympathetie innervation ofthe alimentary traet. 

♦ Sympathetie fibers are eonveyed to the large intestine 
via abdominopelvie (lesser and lumbar) splanehnie nerves 
via the prevertebral (superior and inferior mesenterie) 
ganglia and peri-arterial plexuses. ♦ The middle of the 
sigmoid eolon marks a divide in the sensory innervation 
ofthe abdominal alimentary traet: orad, viseeral affer- 
ents for pain travel retrogradely with sympathetie fibers 
to spinal sensory ganglia, whereas those eonveying reflex 
information travel with parasympathetie fibers to vagal 
sensory ganglia; aborad, both types ofviseeral afferent 
fibers travel with parasympathetie fibers to spinal sensory 
ganglia. 


Spleen 

The spleen is an ovoid, nsnally pnrplish, pnlpy mass abont 
the size and shape of one’s fist. It is relatively delieate and 
eonsidered the most vnlnerable abdominal organ. The spleen 
is loeated in the snperolateral part of the left npper quadrant 
(LUQ), or hypoehondrinm of the abdomen, where it enjoys 
proteetion of the inferior thoraeie eage (Fig. 2.58A & B). 
As the largest of the lymphatie organs, it partieipates in the 
body’s defense system as a site of lymphoeyte (white blood 
eell) proliferation and of immnne snrveillanee and response. 

Prenatally, the spleen is a hematopoietie (blood-forming) 
organ, bnt after birth it is involved primarily in identifying, 
removing, and destroying expended red blood eells (RBGs) 
and broken-down platelets, and in reeyeling iron and globin. 
The spleen serves as a blood reservoir, storing RBGs and plate- 
lets, and, to a limited degree, ean provide a sort of “self-trans- 
fnsion” as a response to the stress imposed by hemorrhage. In 
spite of its size and the many nsefnl and important fnnetions 
it provides, it is not a vital organ (not neeessary to snstain life). 

To aeeommodate these fnnetions, the spleen is a soft, vas- 
enlar (sinnsoidal) mass with a relatively delieate fibroelastie 
eapsnle (Fig. 2.58E). The thin eapsnle is eovered with a layer 
of viseeral peritonenm that entirely snrronnds the spleen 
except at the splenie hilnm, where the splenie branehes 
of the splenie artery and vein enter and leave (Fig. 2.58D). 
Consequently, it is eapable of marked expansion and some 
relatively rapid eontraetion. 

The spleen is a mobile organ althongh it normally does 
not deseend inferior to the eostal (rib) region; it rests on the 
left colìcflexure (Fig. 2.58A & B). It is assoeiated posteriorly 
with the left 9th-llth ribs (its long axis is ronghly parallel 
to the lOth rib) and separated from them by the diaphragm 
and the eostodiaphragmatie reeess —the eleft-like extension 


of the plenral eavity between the diaphragm and the lower 
part of the thoraeie eage. The relations of the spleen are: 

• Anteriorly, the stomaeh 

• Posteriorly, the left part of the diaphragm, which sepa- 

rates it from the plenra, Inng, and ribs 9-11 

• Inferiorly, the left eolie fiexure 

• Medially, the left kidney. 

The spleen varies eonsiderably in size, weight, and shape; how- 
ever, it is nsnally approximately 12 em long and 7 em wide. (A 
nonmetrie memory deviee exploits odd nnmbers: the spleen is 
1 ineh thiek, 3 inehes wide, 5 inehes long, and weighs 7 onnees.) 

The diaphragmatie snrfaee of the spleen is convexly 
enrved to fit the eoneavity of the diaphragm and enrved bod- 
ies of the adjaeent ribs (Fig. 2.58A-C). The elose relation- 
ship of the spleen to the ribs that normally proteet it ean 
be a detrimental one in the presenee of rib fraetnres (see 
the blne box “Rnptnre of Spleen,” p. 281). The anterior 
and snperior horders of the spleen are sharp and often 
notehed, whereas its posterior (medial) end and inferior 
horder are ronnded (Fig. 2.58D). Normally, the spleen does 
not extend inferior to the left eostal margin; thns it is seldom 
palpable throngh the anterolateral abdominal wall nnless it 
is enlarged. When it is hardened and enlarged to approxi- 
mately three times its normal size, it moves inferior to the 
left eostal margin, and its snperior (notehed) horder lies 
inferomedially (see the blne box “Spleneetomy and Spleno- 
megaly,” p. 281). The notehed border is helpfnl when palpat- 
ing an enlarged spleen beeanse when the person takes a deep 
breath, the notehes ean often be palpated. 

The spleen normally eontains a large quantity of blood 
that is expelled periodieally into the eirenlation by the aetion 
of the smooth mnsele in its eapsnle and trabeenlae. The large 
size of the splenie artery (or vein) indieates the volnme of 
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FIGITRE 2.58. The spleen. A and B. Surface anatomy of spleen relative to the rib eage, anterior abdominal organs, and thoraeie viseera and eostophrenie 
pleural reeess. C. Surface anatomy of the spleen and panereas relative to the diaphragm and posterior abdominal viseera. D, duodenum, LK, left kidney, LS, left 
suprarenal gland, P, panereas, S, stomaeh. D. The viseeral surface ofthe spleen. Notehes are eharaeteristie of the superior border. Goneavities on the viseeral 
surface are impressions formed by the structures in eontaet with the spleen. E. The internal structure ofthe spleen. 


blood that passes throogh the spleen s eapillaries and sinnses. 
The thin fibrous capsule of the spleen is eomposed of 
dense, irregnlar, fìbroelastie eonneetive tissne that is thiek- 
ened at the splenie hilnm (Fig. 2.58E). Internally the trabee- 
ulae (small fìbrons bands), arising from the deep aspeet of 
the eapsnle, earry blood vessels to and from the parenehyma 
or splenie pulp, the snbstanee of the spleen. 

The spleen eontaets the posterior wall of the stomaeh and 
is eonneeted to its greater enrvatnre by the gastrosplenie lig- 
ament, and to the left kidney by the splenorenal ligament. 
These ligaments, eontaining splenie vessels, are attaehed to 
the hilnm of the spleen on its medial aspeet (Fig. 2.58D). 
The splenie hilnm is often in eontaet with the tail of the pan- 
ereas and eonstitntes the left bonndary of the omental bnrsa. 

The arterial snpply of the spleen is from the splenie 
artery, the largest braneh of the eeliae trnnk (Fig. 2.59A). 
It follows a tortnons eonrse posterior to the omental bnrsa. 


anterior to the left kidney, and along the snperior border of 
the panereas. Between the layers of the splenorenal liga- 
ment, the splenie artery divides into fìve or more branehes 
that enter the hilnm. The laek of anastomosis of these arterial 
vessels within the spleen resnlts in the formation of vasenlar 
segments of the spleen: two in 84% of spleens and three in 
the others, with relatively avasenlar planes between them, 
enabling snbtotal spleneetomy (see the blne box, “Splenee- 
tomy and Splenomegaly,” p. 281). 

Venons drainagefrom the spleen fìows via the splenie vein, 
formed by several tribntaries that emerge from the hilnm 
(Figs. 2.59A and 2.60B). It is joined by the IMV and rnns pos- 
terior to the body and tail of the panereas thronghont most of 
its eonrse. The splenie vein nnites with the SMV posterior to 
the neek of the panereas to form the hepatie portal vein. 

The splenie lymphatie vessels leave the lymph nodes in 
the splenie hilnm and pass along the splenie vessels to the 
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FIGIJRE 2.59. Spleen, panereas, duodenum, and biliary ducts. A. Relationships of spleen, panereas, and extrahepatic biliary ducts to other retroperito- 
neal viseera. B. The entry of the bile duct and panereatie duct into the duodenum through the hepatopanereatie ampulla. C. The interior of the deseending 
part of the duodenum reveals the major and minor duodenal papillae. D. The structure of the aeinar (enzyme-producing) tissue is demonstrated. The photo- 
mierograph ofthe panereas displays seeretory aeini and a panereatie islet. 


panereatieosplenie lymph nodes en ronte to the eeliae 
nodes (Fig. 2.61A). The panereatieosplenie nodes relate to 
the posterior snrfaee and snperior border of the panereas. 

The nerves of the spleen, derived from the eeliae plexus 
(Fig. 2.61B), are distribnted mainly along branehes of the 
splenie artery, and are vasomotor in fnnetion. 

Panereas 

The panereas is an elongated, aeeessory digestive gland that 
lies retroperitoneally, overlying and transversely erossing the 
bodies of the L1 and L2 vertebra (the level of the transpy- 


lorie plane) on the posterior abdominal wall (Fig. 2.58C). It 
lies posterior to the stomaeh between the dnodennm on the 
right and the spleen on the left (Fig. 2.59A). The transverse 
mesoeolon attaehes to its anterior margin (see Fig. 2.39A). 
The panereas prodnees: 

• an exoerine seeretion {panereatie juiee from the aeinar 
eells) that enters the dnodennm throngh the main and 
aeeessory panereatie dnets. 

• endoerine seeretions {glueagon and insnlin from the 
panereatie islets [of Langerhans]) that enter the blood 

(Fig. 2.59D). 
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FIGIJRE 2.60. Arterial supply and venous drainage of panereas. Because ofthe elose relationship ofthe panereas and duodenum, their blood vessels are 
the same in vvhole or in part. A. Arteries. Except for the inferior part ofthe panereatie head (including uncinate proeess), the spleen and panereas reeeive blood 
from the eeliae artery. B. Venous drainage. C. Geliae arteriogram. Radiopaque dye was seleetively injeeted into the lumen ofthe eeliae artery. 


For deseriptive purposes, the panereas is divided into fonr 
parts: head, neek, hody, andtó/. 

The head of the panereas is the expanded part of the 
gland that is embraeed by the C-shaped enrve of the duo- 
dennm to the right of the superior mesenterie vessels just 
inferior to the transpylorie plane. It firmly attaehes to the 
medial aspeet of the deseending and horizontal parts of 
the dnodennm. The nneinate proeess, a projeetion from 
the inferior part of the panereatie head, extends medially 
to the left, posterior to the SMA (Fig. 2.60A). The panere- 
atie head rests posteriorly on the IVC, right renal artery 
and vein, and left renal vein. On its way to opening into 
the deseending part of the dnodennm, the hìle duet lies 
in a groove on the posterosnperior snrfaee of the head or 


is embedded in its snbstanee (Fig. 2.59A & B; see also 

Fig. 2.45). 

The neek of the panereas is short (1.5-2 em) and over- 
lies the snperior mesenterie vessels, whieh form a groove 
in its posterior aspeet (see Fig. 2.44B & C). The anterior 
snrfaee of the neek, eovered with peritonenm, is adjaeent 
to the pylorns of the stomaeh. The SMV joins the splenie 
vein posterior to the neek to form the hepatie portal vein 

(Fig. 2.60). 

The body of the panereas eontinnes from the neek and lies 
to the left of the snperior mesenterie vessels, passing over the 
aorta and L2 vertebra, eontinning jnst above the transpylorie 
plane posterior to the omental bnrsa. The anterior snrfaee of 
the body of the panereas is eovered with peritonenm and lies 
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FIGIJRE 2.61. Lymphatie drainage and innervation of panereas and 
spleen. A. The arrows indieate lymph fìow to the lymph nodes. B. The nerves 
of the panereas are autonomic nerves from the eeliae and superior mesenterie 
plexuses. A dense network of nerve fìbers passes from the eeliae plexus along 
the splenie artery to the spleen. Most are postsynaptie sympathetie fìbers to 
smooth muscle ofthe splenie capsule, trabeculae, and intrasplenie vessels. 


in the floor of the omental bnrsa and forms part of the stomaeh 
bed (see Fig. 2.39A & B). The posterior snrfaee of the body is 
devoid of peritonenm and is in eontaet with the aorta, SMA, 
left snprarenal gland, left kidney, and renal vessels (Fig. 2.59A). 


The tail of the panereas lies anterior to the left kidney, 
where it is elosely related to the splenie hilnm and the left eolie 
flemre. The tail is relatively mobile and passes between the layers 
of the splenorenal ligament with the splenie vessels (Fig. 2.58D). 

The main panereatie dnet begins in the tail of the pan- 
ereas and rnns throngh the parenehyma of the gland to the 
panereatie head: here it tnrns inferiorly and is elosely related 
to the bile dnet (Fig. 2.59A & B). The main panereatie dnet 
and bile dnet nsnally nnite to form the short, dilated hepa- 
topanereatie ampnlla (of Vater), which opens into the 
deseending part of the dnodennm at the snmmit of the major 

dnodenal papilla (Fig. 2.59B & C). At least 25% of the time, 
the dnets open into the dnodennm separately. 

The sphineter of the panereatie dnet (aronnd the 
terminal part of the panereatie dnet), the sphineter of the 
hile dnet (aronnd the termination of the bile dnet), and the 
hepatopanereatie sphineter (of Oddi)—aronnd the hepa- 
topanereatie ampnlla—are smooth mnsele sphineters that 
eontrol the flow of bile and panereatie jniee into the ampnlla 
and prevent reflux of dnodenal eontent into the ampnlla. 

The aeeessory panereatie dnet (Fig. 2.59A) opens into 
the dnodennm at the snmmit of the minor dnodenal papilla 
(Fig. 2.59C). IJsnally, the aeeessory dnet eommnnieates with 
the main panereatie dnet. In some eases, the main panereatie 
dnet is smaller than the aeeessory panereatie dnet and the 
two may not be eonneeted. In sneh eases, the aeeessory dnet 
earries most of the panereatie jniee. 

The arterial snpply of the panereas is derived mainly from 
the branehes of the markedly tortnons splenie artery. Mnl- 
tiple panereatie arteries form several areades with panere- 
atie branehes of the gastrodnodenal and snperior mesenterie 
arteries (Fig. 2.60A). As many as 10 branehes may pass from 
the splenie artery to the body and tail of the panereas. The 
anterior and posterior snperior panereatieodnodenal arter- 
ies, branehes of the gastrodnodenal artery, and the ante- 
rior and posterior inferior panereatieodnodenal arteries, 
branehes of the SMA, form anteriorly and posteriorly plaeed 
areades that snpply the head of the panereas. 

Venons drainagefrom the panereas oeenrs via eorrespond- 
ing panereatie veins, tribntaries of the splenie and snperior 
mesenterie parts of the hepatie portal vein; most empty into 
the splenie vein (Fig. 2.60B). 

The panereatie lymphatie vessels follow the blood ves- 
sels (Fig. 2.61A). Most vessels end in the panereatieosplenie 
lymph nodes, which lie along the splenie artery. Some vessels 
end in the pylorie lymph nodes. Efferent vessels from these 
nodes drain to the snperior mesenterie lymph nodes or to the 
eeliae lymph nodes via the hepatie lymph nodes. 

The nerves of the panereas are derived from the vagns and 
ahdominopelvie splanehnie nerves passing throngh the dia- 
phragm (Fig. 2.61B). The parasympathetie and sympathetie 
flbers reaeh the panereas by passing along the arteries from 
the eeliae plexus and superior mesenterie plexus (see also 
“Snmmary of Innervation of Abdominal Viseera,” p. 300). 
In addition to sympathetie flbers that pass to blood vessels, 
sympathetie and parasympathetie flbers are distribnted to 
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panereatie aeinar eells and islets. The parasympathetie fibers 
are seeretomotor, bnt panereatie seeretion is primarily medi- 
ated by seeretin and eholeeystokinin, hormones formed by 
the epithelial eells of the dnodennm and proximal intestinal 
mneosa nnder the stimnlns of aeid eontents from the stomaeh. 

Liver 

The liver is the largest gland in the body and, after the skin, 
the largest single organ. It weighs approximately 1500 g and 
aeeonnts for approximately 2.5% of adnlt body weight. In a 
matnre fetns—^when it serves as a hematopoietie organ—it is 
proportionately twice as large (5% of body weight). 

Except for fat, all nntrients absorbed from the gastroin- 
testinal traet are initially eonveyed to the liver by the portal 
venons system. In addition to its many metabolie aetivities, 
the liver stores glyeogen and seeretes bile, a yellow-brown or 
green finid that aids in the emnlsifieation of fat. 

Bile passes from the liver via the hìlìary dnets — ri^t and 
left hepatie dnets —that join to form the eommon hepatie duct, 
which nnites with the eystie duct to form the (eommon) hile 
duct. The liver prodnees bile eontinnonsly; however, between 
meals it aeenmnlates and is stored in the gallbladder, which 
also eoneentrates the bile by absorbing water and salts. When 
food arrives in the dnodennm, the gallbladder sends eoneen- 
trated bile throngh the biliary dnets to the dnodennm. 

SURFACE ANATOMY, SURFACES, PERITONEAL 
REFLEOTIONS, AND RELATIONSHIPS OF LIVER 

The liver lies mainly in the right npper quadrant of the abdomen, 
where it is proteeted by the thoraeie (rih) eage and the diaphragm 
(Fig. 2.62). The normal liver lies deep to ribs 7-11 on the right 
side and erosses the midline toward the left nipple. The liver oeen- 
pies most of the right hypoehondrinm and npper epigastrinm and 
extends into the left hypoehondrinm. The liver moves with the 
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FIGIJRE 2.62. Surface anatomy of the liver. The liver’s loeation, extent, 
relationship to the thoraeie eage, and range of movements with ehange of 
position and diaphragmatie excursion are demonstrated. 


excursions of the diaphragm and is loeated more inferiorly when 
one is ereet beeanse of gravity. This mobility faeilitates palpation 
(see the blne box “Palpation of liver” on p. 283). 

The liver has a convex diaphragmatie surface (anterior, 
snperior, and some posterior) and a relatively fiat or even 
eoneave viseeral suíface (postero-inferior), which are sepa- 
rated anteriorly by its sharp inferior horder that follows the 
right eostal margin. inferior to the diaphragm (Fig. 2.63A). 

The diaphragmatie surface of the liver is smooth 
and dome shaped, where it is related to the eoneavity of 
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FIGIJRE 2.63. Surfaces of the liver and related potential spaees. A. This sehematie sagittal seetion through the diaphragm, liver, and right kidney dem- 
onstrates the two surfaces of the liver and related peritoneal reeesses. B. Sagittal magnetie resonanee imaging seetion demonstrating the relationships 
featured in A in a living person. 
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the inferior snrfaee of the diaphragm, which separates it neal eavity immediately inferior to the liver is the subhe- 
from the plenrae, Inngs, perieardinm, and heart (Fig. 2.63A patie spaee. 


& B). Subphrenic reeesses —snperior extensions of the 


The hepatorenal reeess (hepatorenal poneh; Morison 


peritoneal eavity (greater sae)—exist between diaphragm poneh) is the posterosnperior extension ofthe snbhepatie spaee, 

and the anterior and snperior aspeets of the diaphragmatie lying between the right part of the viseeral snrfaee of the liver 

snrfaee of the liver. The snbphrenie reeesses are separated and the right kidney and snprarenal gland. The hepatorenal 

into right and left reeesses by the faleiform lìgament, which reeess is a gravity-dependent part of the peritoneal eavity in the 

extends between the liver and the anterior abdominal wall. snpine position; flnid draining from the omental bnrsa flows into 

The portion of the snpraeolie eompartment of the perito- thisrecess(Fig.2.64B&E).Thehepatorenalrecesscommunicates 
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FIGIJRE 2.64. Peritoneal and viseeral relationships of liver. A. The domed diaphragmatie surface ofthe liver eonforms to the inferior surface ofthe dia- 
phragm. This surface is divided into right and left lobes of the liver by the faleiform and eoronary ligaments (see also D). B. The peritoneal refìeetions 
(ligaments) and eavity related to the liver are shovvn diagrammatieally. The attaehments ofthe liver are cut through, and the liver is removed from its site, 
plaeed on the speeimen’s right, and turned posteriorly, as when turning the page of a book. C. In the anatomieal position, the viseeral surface ofthe liver is 
direeted inferiorly, posteriorly, and to the left. In embalmed speeimens, impressions remain where this surface is eontaeted by adjaeent structures. D. The two 
layers of peritoneum forming the faleiform ligament separate over the superior aspeet ofthe liver to form the anterior layer ofthe eoronary ligament, leaving the 
bare area ofthe liver without a peritoneal eovering. IVC, inferiorvena eava. E. Ofthe two gravity-dependent reeesses ofthe abdominopelvie eavity in the supine 
position, the hepatorenal reeess is the upper one, reeeiving drainage from the omental bursa and upper abdominal (supracolic) portions of the greater sae. 
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anteriorly with the right snbphrenie reeess (Fig. 2.63A 
& B). Reeall that normally all reeesses of the peritoneal eav- 
ity are potential spaees only, eontaining jnst enongh peritoneal 
flnid to Inbrieate the adjaeent peritoneal membranes. 

The diaphragmatie snrfaee of the liver is eovered with vis- 
eeral peritonenm, exeept posteriorly in the bare area of the 
liver (Fig. 2.64B-D), where it lies in direet eontaet with the 
diaphragm. The bare area is demareated by the refleetion of 
peritonenm from the diaphragm to it as the anterior (npper) 
and posterior (lower) layers of the eoronary ligament 
(Fig. 2.63A). These layers meet on the right to form the right 
triangnlar ligament and diverge toward the left to enelose 
the triangnlar bare area (Fig. 2.64A-D). The anterior layer 
of the eoronary ligament is eontinnons on the left with the 
right layer of the faleiform ligament, and the posterior layer is 
eontinnons with the right layer of the lesser omentnm. Near 
the apex (the left extremity) of the wedge-shaped liver, the 
anterior and posterior layers of the left part of the eoronary 
ligament meet to form the left triangnlar ligament. The 
IVe traverses a deep groove for the vena eava within the 
bare area of the liver (Fig. 2.64B-D). 

The viseeral snrfaee of the liver is also eovered with 
viseeral peritonenm (Fig. 2.64C), except in the fossa for the 
gallbladder (Fig. 2.65B) and the porta hepatis —a trans- 
verse flssnre where the vessels (hepatie portal vein, hepatie 
artery, and lymphatie vessels), the hepatie nerve plexus, and 
hepatie dnets that snpply and drain the liver enter and leave 
it. In eontrast to the smooth diaphragmatie snrfaee, the vis- 
eeral snrfaee bears mnltiple flssnres and impressions from 
eontaet with other organs. 

Two sagittally oriented flssnres, linked eentrally by the 
transverse poria hepatis, form the letter H on the viseeral 
snrfaee (Fig. 2.65A). The right sagittal fissnre is the eontin- 
nons groove formed anteriorly by the fossa for the gallbladder 
and posteriorly by the groove for the vena eava. The umbili- 
eal (left sagittal) fissare is the eontinnons groove formed 
anteriorly by the fissure for the round ligament and pos- 
teriorly by the fissnre for the ligamentnm venosnm. The 
round ligament of the liver (L. ligamentnm teres hepatis) 
is the flbrons remnant of the nmhilieal vein, which earried 
well-oxygenated and nntrient-rieh blood from the plaeenta 
to the fetns (Fig. 2.65B). The ronnd ligament and small 
para-umhilieal veins eonrse in the free edge of the faleiform 
ligament. The ligamentnm venosnm is the flbrons remnant 
of the fetal duetus venosus, which shnnted blood from the 
nmbilieal vein to the IVC, short-eireniting the liver. 

The lesser omentum, enelosing the portal triad (bile dnet, 
hepatie artery, and hepatie portal vein) passes from the liver 
to the lesser enrvatnre of the stomaeh and the first 2 em of 
the snperior part of the dnodennm (Fig. 2.66A). The thiek, 
free edge of the lesser omentnm extends between the porta 
hepatis and the dnodennm (the hepatodaodenal ligament) and 
eneloses the strnetnres that pass throngh the porta hepatis. 
The sheet-like remainder of the lesser omentnm, the hepato- 
gastrie ligament, extends between the groove for the ligamen- 
tnm venosnm and the lesser enrvatnre of the stomaeh. 
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FIGITRE 2.65. Viseeral surface of the liver. A. The four anatomieal lobes 
of the liver are defined by external features (peritoneal refìeetions and 
fissures). B. Structures forming and occupying the fissures of the viseeral 
surface are shown. 


In addition to the fissnres, impressions on (areas of) the vis- 

eeral snrfaee (Fig. 2.64C) refleet the liver’s relationship to the: 

• Right side of the anterior aspeet of the stomaeh {gastrie 
and pylorie areas). 

• Snperior part of the dnodennm {dnodenal area). 

• Lesser omentnm (extends into the fissnre for the ligamen- 
tnm venosnm). 

• Gallbladder (fossa for gallbladder). 

• Right eolie flexure and right transverse eolon {eolie area). 

• Right kidney and snprarenal gland {renal and snprarenal 
areas) (Fig. 2.66B). 

ANATOMIGAL LOBES OF LIVER 

Externally, the liver is divided into two anatomieal lobes and 

two aeeessory lobes by the refleetions of peritonenm from its 

snrfaee, the fissnres formed in relation to those refleetions 
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FIGIJRE 2.66. Relatìonshìps of liver to other abdominal viseera, lesser omentum, and portal triad. A. The anterior sagittal cut is made in the plane of 
the fossa for the gallbladder, and the posterior sagittal cut is in the plane of the fissure for the ligamentum venosum. These cuts have been joined by a nar- 
rovv eoronal cut in the plane of the porta hepatis. The relationship of the liver to anterior (intraperitoneal) abdominal viseera is demonstrated. The portal 
triad passes betvveen the layers of the hepatoduodenal ligament to enter the liver at the porta hepatis. The eommon hepatie artery passes betvveen the layers 
ofthe hepatogastrie ligament. B. Goronal magnetie resonanee imaging (M/?/) sean of lower thorax and abdomen demonstrating the liver's relationship to 
posterior (retroperitoneal) abdominal viseera (B courtesy of Dr. W. Kucharczyk, Professor of Medieal Imaging, Llniversity ofToronto, Toronto, ON Ganada.) 


and the vessels serving the liver and the gallbladder. These 
snperfieial “lobes” are not trne lobes as the term is generally 
nsed in relation to glands and are only seeondarily related 
to the liver’s internal arehiteetnre. The essentially midline 
plane defined by the attaehment of the faleiform ligament 


and the left sagittal fissnre separates a large right lobe from 
a mneh smaller left lobe (Figs. 2.64A, C, & D and 2.65). On 
the slanted viseeral snrfaee, the right and left sagittal fissnres 
eonrse on eaeh side of—and the transverse porta hepatis 
separates—two aeeessory lobes (parts of the anatomie right 
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lobe): the quadrate lobe anteriorly and inferiorly and the 
caudate lobe posteriorly and snperiorly. The eandate lobe 
was so-named not beeanse it is eandal in position (it is not) 
bnt beeanse it often gives rise to a “tail” in the form of an 
elongated papillary proeess (Fig. 2.64C). A caudate pro- 
eess extends to the right, between the IVC and the porta 
hepatis, eonneeting the eandate and right lobes (Fig. 2.65B). 

FUNCTIONAL SUBDIVISION OF LIVER 

Althongh not distinetly demareated internally, where the 
parenehyma appears eontinnons, the liver has fnnetionally 
independent rigbt and left livers (parts or portal lobes) that 
are mneh more equal in size than the anatomieal lobes; how- 
ever, the right liver is still somewhat larger (Figs. 2.67 and 
2.68; Table 2.11). Eaeh part reeeives its own primary hraneh 
of the hepatie artery and hepatie portal vein and is drained 
by its own hepatie dnet. The eandate lohe may in faet be eon- 
sidered a third liver; its vasenlarization is independent of the 
bifnreation of the portal triad (it reeeives vessels from both 
bnndles) and is drained by one or two small hepatie veins, 
whieh enter direetly into the IVC distal to the main hepatie 
veins. The liver ean be fnrther snbdivided into fonr divisions 
and then into eight snrgieally reseetable hepatie segments, 
eaeh served independently by a seeondary or tertiary hraneh 
of the portal triad, respeetively (Fig. 2.67). 

Hepatìe (Surgícal) Segments of Lìver. Exeept for the 
eandate lobe {segment Z), the liver is divided into right and left 
livers based on the primary (1°) division of the portal triad into 
right and left branehes, the plane between the right and the 
left livers being the maín portal fissure in whieh the middle 
hepatie vein lies (Fig. 2.67A-C). On the viseeral snrfaee, this 
plane is demareated by the right sagittal fissnre. The plane 
is demareated on the diaphragmatie snrfaee by extrapolating 
an imaginary line—the Cantlie line (Cantlie, 1898)—from 
the noteh for the fnndns of the gallbladder to the IVC (Figs. 
2.67B and 2.68A & C). The right and left livers are snbdivided 
vertieally into medial and lateral divisions by the right por- 
tal and nmhilieal fissnres, in whieh the right and left hepatie 
veins lie (Figs. 2.67A, D, & E and 2.68). The right portal fis- 
snre has no external demareation (Fig. 2.65A). Eaeh of the 
fonr divisions reeeives a seeondary (2°) braneh of the portal 
triad (Fig. 2.67A). (Note: the medial division of the left liver— 
left medial division —is part of the right anatomieal lobe; the 
left lateral division is the same as the left anatomieal lobe.) 
A transverse hepatie plane at the level of the horizontal parts 
of the right and left branehes of the portal triad snbdivides 
three of the fonr divisions (all bnt the left medial division), 
ereating six hepatie segments, eaeh reeeiving tertiary branehes 
of the triad. The left medial division is also eonnted as a hepatie 
segment, so that the main part of the liver has seven segments 
(segments II-VIII, nnmbered elockwise), which have also 
been given a deseriptive name (Figs. 2.67A, D, & E and 2.68). 
The eandate lobe (segment I, bringing the total nnmber of 
segments to eight) is snpplied by branehes of both divisions 
and is drained by its own minor hepatie veins. 


While the pattern of segmentation deseribed here is the 
most eommon pattern, the segments vary eonsiderably in size 
and shape as a resnlt of individnal variation in the branehing 
of the hepatie and portal vessels. The elinieal signifieanee 
of hepatie segments is explained in the blne box “Hepatie 
Lobeetomies and Segmenteetomy” on p. 283. 

BLOOD VESSELS OF LIVER 

The liver, like the Inngs, has a dnal blood snpply (afferent 
vessels): a dominant venons sonree and a lesser arterial one 
(Fig. 2.67A). The hepatie portal vein brings 75-80% of the 
blood to the liver. Portal blood, eontaining abont 40% more 
oxygen than blood retnrning to the heart from the systemie 
eirenit, snstains the liver parenehyma (liver eells or hepato- 
eytes) (Fig. 2.69). The hepatie portal vein earries virtnally all 
of the nntrients absorbed by the alimentary traet to the sinn- 
soids of the liver. The exception is lipids, which are absorbed 
into and bypass the liver via the lymphatie system. Arterial 
blood from the hepatie artery, aeeonnting for only 20-25% 
of blood reeeived by the liver, is distribnted initially to non- 
parenehymal strnetnres, partienlarly the intrahepatie bile 
dnets. 

The hepatie portal vein, a short, wide vein, is formed by 
the snperior mesenterie and splenie veins posterior to the 
neek of the panereas. It aseends anterior to the IVC as part of 
the portal triad in the hepatodnodenal ligament (Fig. 2.66A). 
The hepatie artery, a braneh of the eeliae trnnk, may be 
divided into the eommon hepatie artery, from the eeliae 
trnnk to the origin of the gastrodnodenal artery, and the 
hepatie artery proper, from the origin of the gastrodno- 
denal artery to the bifnreation of the hepatie artery (see Fig. 
2.60A & e). At or elose to the porta hepatis, the hepatie artery 
and hepatie portal vein terminate by dividing into right and 
left branehes; these primary branehes snpply the right and 
left livers, respeetively (Fig. 2.67). Within the right and left 
livers, the simnltaneons seeondary branehings of the hepatie 
portal vein and hepatie artery snpply the medial and lateral 
divisions of the right and left liver, with three of the fonr see- 
ondary branehes nndergoing fnrther (tertiary) branehings to 
snpply independently seven of the eight hepatie segments. 

Between the divisions are the right, intermediate (mid- 
dle), and left hepatie veins, which are intersegmental in 
their distribntion and fnnetion, draining parts of adjaeent 
segments. The hepatie veins, formed by the nnion of eolleet- 
ing veins that in tnrn drain the eentral veins of the hepatie 
parenehyma (Fig. 2.69), open into the IVC jnst inferior to the 
diaphragm. The attaehment of these veins to the IVC helps 
hold the liver in position. 

LYMPHATie DRAINAGE AND 
INNERVATION OF LIVER 

The liver is a major lymph-prodneing organ. Between one 
quarter and one half of the lymph entering the thoraeie dnet 
eomes from the liver. 
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FIGIJRE 2.67. Hepatìe segmentation. A. The right, intermediate, and left hepatie veins course within three planes or fissures [right portal (R), main portal 
(M), and umbilical {U)] that divide the liver into four vertieal divisions, eaeh served by a seeondary (2°) braneh ofthe portal triad. Three divisions are further 
subdivided at the transverse portal plane (T) into hepatie segments, eaeh supplied by tertiary (3°) branehes ofthe triad. The left medial division and caudate 
lobe are also eonsidered hepatie segments, bringing the total to eight surgically reseetable hepatie segments (segments l-VIII, eaeh also given a name as dem- 
onstrated in Fig. 2.67 and Table 2.11). Eaeh segment has its own intrasegmental blood supply and biliary drainage. The hepatie veins are intersegmental, 
draining the portions of multiple segments adjaeent to them. B and C. injeetion of latex into the right (red) and left (blue) portal veins demonstrates the 
right and left livers, and the Gantlie line that demareates them on the diaphragmatie surface. D and E. injeetion of different eolors of latex into the seeondary 
(segments IV, V, and VIII) and tertiary branehes ofthe portal vein demonstrates the divisions ofthe liver and hepatie segments l-VIII. 
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FIGITRE 2.68. Parts, divisions, and segments of liver. Eaeh part, division, and segment has an identifying name; segments are also identified by Roman 
numerals. 


TABLE 2.11. TERMINOLOGY FOR SUBDIVISIONS OF LIVER 


AnatomiealTerm 

Right Lobe 

Left Lobe 

Caudate Lobe 

Functional/ 

Surgical Term** 

Right (part of) liver [Right portal lobe*] 

Left (part of) liver [Left portal lobe+] 

Posterior (part of) liver 

Right lateral 
division 

Right medial 
division 

Left medial 
division 

Left lateral 
division 

[Rightcaudate [Leftcaudate 

lobe*] lobe+j 

Posterior lateral 
segment 

SegmentVII 

[Posterior 

superiorarea] 

Posterior lateral 
segment 

Segment VIII 

[Anterior superior 
area] 

[Medial superior 
area] 

Left medial 
segment 

Segment IV 

[Medial inferior 
area = quadrate 
lobe] 

Lateral segment 

Segment II 

[Lateral superior 
area] 

Posteriorsegment 

Segment 1 

Rightanterior 
lateral segment 

Segment VI 

[Posterior inferior 
area] 

Anterior medial 
segment 

Segment V 

[Anterior inferior 
area] 

Left lateral anterior 
segment 

Segment III 

[Lateral inferior 
area] 


**The labels in the table and figures above refleetthe new Terminologia Anatomiea: International Anatomieal Terminology (1998). Previous terminology is in braekets. 
Llnderthe sehema of the previous terminology, the caudate lobe was divided into right and left halves, and 
^he right half of the caudate lobe was eonsidered a subdivision ofthe rightportal lobe. 

+The lefthalf of the caudate lobe was eonsidered a subdivision ofthe leftportal lobe. 

++Cantlie line and the rightsagittal fissure are surface markings defining the main portal fissure. 
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FIGIJRE 2.69. Flow of blood and bile in liver. A. This view of a small part of a liver lobule illustrates the eomponents ofthe interlobular portal triad and 
the positioning ofthe sinusoids and bile canaliculi. The enlarged view ofthe surface ofa bloek of parenehyma removed from the liver in B shows the hexago- 
nal pattern of lobes and the plaee ofA within that pattern. B. Extrahepatic bile passages, gallbladder, and panereatie ducts are demonstrated. C. The bile 
duct and panereatie duct enter the hepatopanereatie ampulla, which opens into the deseending part of the duodenum. 
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The lymphatie vessels of the liver oceur as snperjìeial lym- 
phaties in the snbperitoneal fibrous capsule of the liver 
(Glisson eapsnle), which forms its onter snrfaee (Fig. 2.66A), 
and as deep lymphaties in the eonneetive tissne, which 
aeeompany the ramifieations of the portal triad and hepatie 
veins (Fig. 2.69A). Most lymph is formed in the perisinusoi- 
dal spaees (of Disse) and drains to the deep lymphaties in 
the snrronnding intralobular portal triads. 

Snperfieial lymphaties from the anterior aspeets of the dia- 
phragmatie and viseeral snrfaees of the liver, and deep lympha- 


tie vessels aeeompanying the portal triads, eonverge toward the 
porta hepatis. The snperfieial lymphaties drain to the hepatie 
lymph nodes seattered along the hepatie vessels and ducts in 
the lesser omentum (Fig. 2.70A). Efferent lymphatie vessels 
from the hepatie nodes drain into eeliae lymph nodes, which in 
turn drain into the eisterna ehyli (ehyle eistern), a dilated sae at 
the inferior end of the thoraeie dnet (see Fig. 2.100). 

Snperfieial lymphaties from the posterior aspeets of the 
diaphragmatie and viseeral snrfaees of the liver drain toward 
the bare area of the liver. Here they drain into phrenie 
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FIGIJRE 2.70. Lymphatie drainage and innervation of liver. A. The liver is a major lymph-producing organ. Lymph from the liver fìovvs in tvvo direetions 
that from the upper liver fìovvs to lymph nodes loeated superiorly in the thorax; that from the lovver liver fìovvs to nodes loeated inferiorly in the abdomen. 
B. The hepatie plexus, the largest derivative of the eeliae plexus, aeeompanies the branehes of the hepatie artery to the liver eonveying sympathetie and 
parasympathetie fìbers. 
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lymph nodes, or join deep lymphaties that have aeeompa- 
nied the hepatie veins eonverging on the IVC, and pass with 
this large vein throngh the diaphragm to drain into the pos- 
terior mediastìnal lymph nodes. Efferent lymphatie ves- 
sels from these nodes join the right lymphatie and thoraeie 
dnets. A few lymphatie vessels follow different rontes: 

• From the posterior snrfaee of the left lobe of the liver 
toward the esophageal hiatns of the diaphragm to end in 
the left gastrie lymph nodes. 

• F rom the anterior eentral diaphragmatie snrfaee along the 
faleiform ligament to the parasternal lymph nodes. 

• Along the ronnd ligament of the liver to the nmbiliens and 
lymphaties of the anterior abdominal wall. 

The nerves of the liver are derived from the hepatie plexus 
(Fig. 2.70B), the largest derivative of the eeliae plexus. The 
hepatie plexus aeeompanies the branehes of the hepatie artery 
and hepatie portal vein to the liver. This plexus eonsists of 
sympathetie fibers from the eeliae plexus and parasympathetie 
fibers from the anterior and posterior vagal trnnks. Nerve 
fibers aeeompany the vessels and biliary dnets of the portal 
triad. Other than vasoeonstrietion, their fnnetion is nnelear. 


Biliary Ducts and Gallbladder 

The biliary ducts eonvey bile from the liver to the dnode- 
nnm. Bile is prodneed eontinnonsly by the liver and stored 
and eoneentrated in the gallbladder, which releases it inter- 
mittently when fat enters the dnodennm. Bile emnlsifies the 
fat so that it ean be absorbed in the distal intestine. 

Normal hepatie tissne, when seetioned, is traditionally 
deseribed as demonstrating a pattern of hexagonal-shaped 
liver lohnles (Fig. 2.69A) when viewed nnder low magnifi- 
eation. Eaeh lobnle has a eentral vein rnnning throngh its 
eenter from which sìnnsoìds (large eapillaries) and plates 
of hepatoeytes (liver eells) radiate toward an imaginary 
perimeter extrapolated from snrronnding interlobnlar 
portal triads (terminal branehes of the hepatie portal vein 
and hepatie artery and initial branehes of the biliary dnets). 
Althongh eommonly said to be the anatomieal nnits of the 
liver, hepatie “lobnles” are not strnetnral entities; instead, the 
lobnlar pattern is a physiologieal consequence of pressnre 
gradients and is altered by disease. Beeanse the bile dnet is 
not eentral, the hepatie lobnle does not represent a fnnetional 
nnit like aeini of other glands. However, the hepatie lobnle 
is a firmly established eoneept and is nsefnl for deseriptive 
pnrposes. 

The hepatoeytes seerete bile into the bile canabcub formed 
between them. The eanalienli drain into the small interlohnlar 
hiliary dnets and then into large eolleeting hile dnets of the intra- 
hepatie portal triad, which merges to form the hepatie dnets 
(Fig. 2.69B). The rígbt and left bepatie ducts drain the right 
and left (parts of the) liver, respeetively. Shortly after leaving the 
porta hepatis, these hepatie dnets nnite to form the eommon 
bepatie duct, which is joined on the right side by the eystie 
duet to form the hile duet (part of the extrahepatic portal triad of 
the lesser omentnm), which eonveys the bile to the dnodennm. 


BILE DUCT 

The bile duct (formerly ealled the eommon bile dnet) forms 
in the free edge of the lesser omentnm by the nnion of the 
eystie duet and eommon hepatie duct (Figs. 2.65 and 2.69B). 
The length of the bile dnet varies from 5 to 15 em, depend- 
ing on where the eystie dnet joins the eommon hepatie dnet. 

The bile dnet deseends posterior to the snperior part of 
the dnodennm and lies in a groove on the posterior snrfaee 
of the head of the panereas. On the left side of the deseend- 
ing part of the dnodennm, the bile dnet eomes into eontaet 
with the main panereatie duet. These dnets rnn obliquely 
throngh the wall of this part of the dnodennm, where they 
nnite, forming a dilation, the hepatopanereatie ampnlla (Fig. 
2.69C). The distal end of the ampnlla opens into the dnode- 
nnm throngh the major dnodenal papilla (see Fig. 2.45C). 
The eirenlar mnsele aronnd the distal end of the bile dnet is 
thiekened to form the spbineter of tbe bile duct (L. duc- 
tus choledochus) (Fig. 2.69C). When this sphineter eontraets, 
bile eannot enter the ampnlla and the dnodennm; henee, bile 
baeks up and passes along the eystie dnet to the gallbladder 
for eoneentration and storage. 

The arterial supply of the hile duct is from the (Fig. 2.71): 

• Cystic artery: snpplying the proximal part of the dnet. 

• Right hepatie artery: snpplying the middle part of the dnet. 

• Posterior superior pancreaticoduodenal artery and gastro- 
dnodenal artery: snpplying the retrodnodenal part of 
the dnet. 
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FIGIJRE 2.71. Arterìes supplyìng the bìlìary duct and lymphatìe draìnage 
of gallbladder and bile duct. The lymphatie vessels of the gallbladder and 
biliary passages anastomose superiorly with those ofthe liver and inferiorly 
with those ofthe panereas; most drainage fìows to the eeliae lymph nodes. 
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The venons drainage from the proximal part of the hile 
duct and the hepatie ducts usually enter the liver direetly 
(Fig. 2.72). The posterior superior pancreaticoduodenal vein 
drains the distal part of the bile duct and empties into the 
hepatie portal vein or one of its tribntaries. 

The lymphatie vesselsfrom the hile duct pass to the eystie 
lymph nodes near the neek of the gallbladder, the lymph 
node of the omental foramen, and the hepatie lymph 
nodes (Figs. 2.70 and 2.71). Efferent lymphatie vessels from 
the bile dnet pass to the eeliae lymph nodes. 

GALLBLADDER 

The gallhladder (7-10 em long) lies in thefossaforthe gall- 
hladder on the viseeral snrfaee of the liver (Figs. 2.65B and 
2.72). This shallow fossa lies at the jnnetion of the right and 
left (parts of the) liver. 

The relationship of the gallbladder to the dnodennm is so 
intimate that the superior part of the dnodennm is nsnally 
stained with bile in the eadaver (Fig. 2.73B). Beeanse the 
liver and gallbladder mnst be retraeted snperiorly to expose 
the gallbladder (Fig. 2.69B) dnring an open anterior snrgieal 
approaeh (and atlases often depiet it in this position), it is 
easy to forget that, in its natnral position, the body of the gall- 
bladder lies anterior to the snperior part of the dnodennm, 
and its neek and eystie dnet are immediately snperior to the 

dnodennm (see Figs. 2.37A and 2.73B). 


The pear-shaped gallbladder ean hold up to 50 mL of bile. 
Peritonenm eompletely snrronnds the fnndns of the gallblad- 
der and binds its body and neek to the liver. The hepatie 
snrfaee of the gallbladder attaehes to the liver by eonneetive 
tissne of the fibrons eapsnle of the liver. 

The gallbladder has three parts (Figs. 2.69B, 2.72, and 
2.73), the: 

• Fundus; the wide blnnt end that nsnally projeets from the 
inferior border of the liver at the tip of the right 9th eostal 
eartilage in the MGL (see Figs. 2.30A and 2.31A). 

• Body; main portion that eontaets the viseeral snrfaee of 
the liver, transverse eolon, and snperior part of the dno- 
dennm. 

• Neek; narrow, tapering end, opposite the fnndns and 
direeted toward the porta hepatis; it typieally makes an 
S-shaped bend and joins the eystie dnet (Fig. 2.72). 

The eystie duct (3-4 em long) eonneets the neek of the gall- 
bladder to the eommon hepatie dnet (Fig. 2.73B & C). The 
mneosa of the neek spirals into the spiral fold (spiral valve) 
(Fig. 2.69B). The spiral fold helps keep the eystie dnet open; 
thns bile ean easily be diverted into the gallbladder when 
the distal end of the bile dnet is elosed by the sphineter of 
the hile duct and/or hepatopanereatie sphineter, or bile ean 
pass to the dnodennm as the gallbladder eontraets. The spi- 
ral fold also offers additional resistanee to sndden dnmping 
of bile when the sphineters are elosed, and intra-abdominal 
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FIGURE2.72. Nerves and veìns of lìver and biliary system. Nerves are prominent along the hepatie artery and bile duct and their branehes. The sympa- 
thetie nerve supply is vasomotor in the liver and biliary system. The veins of the gallbladder neek communicate vvith eystie veins along the eystie and biliary 
ducts. Small eystie veins pass from the adherent portion of the gallbladder into the sinusoids of the liver. 
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FIGITRE 2.73. Normal dìsposìtìon of gallbladder and extrahepatic biliary ducts. A. Gallbladder demonstrated by endoseopie retrograde eholangiogra- 
phy. B. Sehematie sagittal seetion showing relationships to superior part of duodenum. C. Endoseopie retrograde eholangiograph ofthe bile passages. Most 
often the eystie duct lies anterior to the eommon hepatie duct. (A and C courtesy of Dr. G. B. Haber, Llniversity ofToronto, Toronto, ON, Ganada.) 
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pressure is suddenly inereased, as dnring a sneeze or eongh. 
The eystie dnet passes betvveen the layers of the lesser omen- 
tnm, nsnally parallel to the eommon hepatie dnet, which it 
joins to form the bile dnet. 

The arterìal snpply of the gallhladder and eystie duct is 
from the eystie artery (Figs. 2.71, 2.72, and 2.74A). The 

eystie artery eommonly arises from the right hepatie artery in 
the triangle between the eommon hepatie dnet, eystie dnet, 
and viseeral snrfaee of the liver, the eystohepatie triangle 
(of Galot) (Fig. 2.72). Variations occur in the origin and 
eonrse of the eystie artery (Fig. 2.74B & C). 

The venons drainage from the neek of the gallhladder and 
eystie duet flows via the eystie veins. These small and usu- 
ally mnltiple veins enter the liver direetly or drain throngh 
the hepatie portal vein to the liver, after joining the veins 


draining the hepatie ducts and proximal bile duct (Fig. 2.72). 
The veins from the fundus and hody of the gallhladder pass 
direetly into the viseeral snrfaee of the liver and drain into the 
hepatie sinnsoids. Beeanse this is drainage from one eapil- 
lary (sinnsoidal) bed to another, it eonstitntes an additional 
(parallel) portal system. 

The lymphatie drainage of the gallhladder is to the hepatie 
lymph nodes (Fig. 2.71), often throngh eystie lymph nodes 
loeated near the neek of the gallbladder. Efferent lymphatie 
vessels from these nodes pass to the eeliae lymph nodes. 

The nerves to the gallhladder and eystie duet (Fig. 2.72) 
pass along the eystie artery from the eeliae (nerve) plexus 
(sympathetie and viseeral afferent [pain] flbers), the vagus 
nerve (parasympathetie), and the right phrenie nerve (actu- 
ally somatie afferent flbers). Parasympathetie stimnlation 
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FIGIJRE 2.74. Variation in origin and course of eystie artery. A. The eystie artery usually arises from the right hepatie artery in the eystohepatie triangle 
(ofGalot), bounded by the eystie duct, eommon hepatie duct, and viseeral surface ofthe right liver. B and C. Variations in the origin and course ofthe eystie 
artery occur in 24.5% of people (Daseler et al., 1947), which is of elinieal signifieanee during eholeeysteetomy—surgical removal ofthe gallbladder. 
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causes eontraetions of the gallbladder and relaxation of the 
sphineters at the hepatopanereatie ampnlla. However, these 
responses are generally stimnlated by the hormone eholeeys- 
tokinin (CCK), prodneed by the dnodenal walls (in response 
to the arrival of a fatty meal), and eirenlated throngh the 
bloodstream. 

HEPATie PORTAL VEIN AND 
PORTAL-SYSTEMie ANASTOMOSES 

The hepatie portal vein (HPV) is the main ehannel of the 
portal venons system (Fig. 2.75A & B). It is formed ante- 
rior to the IVC and posterior to the neek of the panereas 
(elose to the level of the L1 vertebra and the transpylorie 
plane) by the nnion of the snperior mesenterie and splenie 
veins. In approximately one third of individnals, the IMV 
joins the eonflnenee of the snperior mesenterie and splenie 
veins; henee, all three veins form the hepatie portal vein. In 


most people, the IMV enters the splenie vein (60%—see Fig. 

2.56A) or the SMV (40%). 

Althongh the HPV is a large vessel, it rnns a short eonrse 
(7-8 em), most of whieh is eontained within the hepato- 
dnodenal ligament. As it approaehes the porta hepatis, the 
hepatie portal vein divides into right and left branehes. The 
hepatie portal vein eolleets blood with redneed oxygenation 
bnt rieh in nntrients from the abdominal part of the alimen- 
tary system, inelnding the gallbladder and panereas, as well 
as the spleen, and earries it to the liver. Streaming of the 
blood flow is said to oeenr in which blood from the splenie 
vein, earrying the prodnets of RBC breakdown from the 
spleen, passes mostly to the left liver. Blood from the SMV, 
rieh in absorbed nntrients from the intestines, passes mostly 
to the right liver. Within the liver, its branehes are distribnted 
in a segmental pattern (see “Blood Vessels of Liver,” p. 272) 
and end in expanded eapillaries, the venons sinnsoids of the 
liver (see Fig. 2.69A). 
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FIGIJRE 2.75. Tributaries of hepatie portal vein and portal-systemie anastomoses. A. Anastomoses provide a eollateral circulation in eases of obstruc- 
tion in the liver or portal vein. Here, the portal tributaries are darker blue and systemie tributaries are lighter blue. A-D indieate sites of anastomoses. A is 
betvveen the submucosal esophageal veins draining into either the azygos vein (systemie) or the left gastrie vein (portal); vvhen dilated these are esophageal 
variees. B 'is betvveen the inferior and middle reetal veins draining into the inferior vena eava (systemie) and the superior reetal vein, continuing as the inferior 
mesenterie vein (portal). The submucosal veins involved are normally dilated (varieose in appearanee), even in nevvborns. When the mucosa eontaining 
them prolapses, they form hemorrhoids. (The varieose appearanee of the veins and the occurrence of hemorrhoids are not typieally related to portal hyperten- 
sion, as is eommonly stated.) C shows para-umbilical veins (portal) anastomosing with small epigastrie veins of the anterior abdominal wall (systemie); this 
may produce the “caput medusae” (Fig. B2.24). D is on the posterior aspeets (bare areas) of seeondarily retroperitoneal viseera, or the liver, where twigs 
ofviseeral veins—for example, the eolie vein, splenie veins, or the portal vein itself (portal system)—anastomose with retroperitoneal veins of the posterior 
abdominal wall or diaphragm (systemie system). B. Magnetie resonanee (MR) angiogram (portal venogram) demonstrating the tributaries and formation of 
the portal vein in a living person. 
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Portal-systemie anastomoses, in which the portal 
venons system eommnnieates with the systemie venons 
system, are formed in the snbmneosa of the inferior 
esophagns, in the snbmneosa of the anal eanal, in the 
peri-nmbilieal region, and on the posterior aspeets (bare 
areas) of seeondarily retroperitoneal viseera, or the liver 
(Fig. 2.75; see legend for details). When portal eirenlation 
throngh the liver is diminished or obstrneted beeanse of 
liver disease or physieal pressnre from a tnmor, for exam- 
ple, blood from the gastrointestinal traet ean still reaeh 


the right side of the heart throngh the IVC by way of these 
eollateral rontes. These alternate rontes are available 
beeanse the hepatie portal vein and its tribntaries have 
no valves; henee blood ean flow in a reverse direetion to 
the IVe. However, the volnme of blood foreed throngh 
the eollateral rontes may be exeessive, resnlting in poten- 
tially fatal variees (abnormally dilated veins) (see the blne 
box 'Tortal Hypertension” on p. 288) if the obstrnetion is 
not snrgieally bypassed (see the blne box 'Tortosystemie 
Shnnts” on p. 288). 


SPLEEN AND PANGREAS 


Aeeessory Spleen(s) 



Rnptnre of Spleen 

Althongh well proteeted by the 9th-12th ribs (Fig. 
2.30B), the spleen is the most frequently injnred 
organ in the abdomen. The elose relationship of the 
spleen to the ribs that normally proteet it ean be detrimental 
when there are rib fraetnres. Severe blows on the left side 
may fraetnre one or more of these ribs, resnlting in sharp 
bone fragments that may laeerate the spleen. In addition, 
blnnt tranma to other regions of the abdomen that eanse a 
sndden, marked inerease in intra-abdominal pressnre (e.g., 
by impalement on the handlebars of a motoreyele) ean eanse 
the thin fíbrons eapsnle and overlying peritonenm of the 
spleen to rnptnre, disrnpting its soft pnlp {mptnred spleen 
If rnptnred, there is profnse bleeding {intraperitoneal hem- 
orrhage) and shoek. 


Spleneetomy and Splenomegaly 

Repair of a rnptnred spleen is diffíenlt; eonsequently, 
spleneetomy (removal of the spleen) is often per- 



formed to prevent the person from bleeding to death. 
Suh-total {partial) spleneetomy, when possible, is followed by 
rapid regeneration. Even total spleneetomy nsnally does not 
prodnee serions effeets, espeeially in adnlts, beeanse most of its 
fnnetions are assnmed by other retienloendothelial organs (e.g., 
liver and bone marrow), bnt there is a greater snseeptibility to 
eertain baeterial infeetions. When the spleen is diseased, resnlt- 
ing from, for example, grannloeytie lenkemia (high lenkoeyte 
and white blood eell eonnt), it may enlarge to 10 or more times 
its normal size and weight {splenomegaly). Spleen engorge- 
ment sometimes aeeompanies hypertension (high blood pres- 
snre). The spleen is not nsnally palpable in the adnlt. Generally, 
if its lower edge ean be deteeted when palpating below the left 
eostal margin at the end of inspiration (Fig. B2.19A), it is 
enlarged abont three times its “normal” size. Splenomegaly also 
oeenrs in some forms of hemolytie or grannloeytie anemias, in 
which RBGs or white blood eells (WBCs), respeetively, are 
destroyed at abnormally high rates (Fig. B2.19B). In sneh eases, 
a spleneetomy may be life-saving. 



One or more small aeeessory spleens may develop 
prenatally near the splenie hilnm. They may be embed- 
ded partly or wholly in the tail of the panereas, between 
the layers of the gastrosplenie ligament, in the infraeolie eompart- 
ment, in the mesentery or in elose proximity to an ovary or testis 
(Fig. B2.20). In most affeeted individnals, only one aeeessory 
spleen is present. Aeeessory spleens are relatively eommon, are 
nsnally small (approximately 1 em in diameter, and range from 
0.2 to 10 em), and may resemble a lymph node. Awareness of the 
possible presenee of an aeeessory spleen is important beeanse if 
not removed dnring a spleneetomy the symptoms that indieated 
removal of the spleen (e.g., splenie anemia) may persist. 


Splenìe Needle Bìopsy 
and Splenoportography 



The relationship of the eostodiaphragmatie reeess of 
the plenral eavity to the spleen is elinieally important 
(see Fig. 2.31A). This potential spaee deseends to the 



FIGIJRE B2.19. Examìnatìon of spleen. A. Palpation ofthe spleen is 
demonstrated. B. This 4200-g spleen vvas seen at autopsy. 
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(Fig. B2.21). First, a fìberoptie endoseope is passed throngh the 
month, esophagns, and stomaeh. Then the dnodennm is 
entered and a eannnla is inserted into the major dnodenal 
papilla and advaneed nnder fìnoroseopie eontrol into the dnet 
of ehoiee (bile dnet or panereatie dnet) for injeetion of radio- 
graphie eontrast medinm. 


Aeeessory Panereatie Tissne 

It is not nnnsnal for eetopie aeeessory panereatie tissne 



to develop in the stomaeh, dnodennm, ilenm, or an ileal 
divertienlnm; hovvever, the stomaeh and dnodennm are 
the most eommon sites. The aeeessory panereatie tissne may eon- 
tain panereatie islet eells that prodnee glneagon and insnlin. 


FIGIJRE B2.20. Potential sites of aeeessory spleens. The dots indieate 
vvhere small aeeessory spleens may be loeated. 

level of the lOth rib in the midaxillary line. Its existence mnst 
be kept in mind when doing a splenie needle hiopsy, or when 
injeeting radiopaque material into the spleen for visnalization 
of the hepatie portal vein {splenoportography). If eare is not 
exercised, this material may enter the plenral eavity, eansing 
plenritis (infìammation of the plenra). 


Panereateetomy 

For the treatment of ehronie panereatitis, most of the 
panereas may be removed—a proeednre ealled pan- 
ereateetomy. The anatomieal relationships and blood 
snpply of the head of the panereas, bile dnet, and dnodennm 
make it impossible to remove the entire head of the panereas 
(Skandalakis et al., 1995). IJsnally a rim of the panereas is 
retained along the medial border of the dnodennm to preserve 
the dnodenal blood snpply. 



Bloekage of Hepatopanereatie 
Ampnlla and Panereatitis 



Beeanse the main panereatie dnet joins the bile dnet 
to form the hepatopanereatie ampnlla and pierees 
the dnodenal wall, a gallstone passing along the 
extrahepatic bile passages may lodge in the eonstrieted distal 
end of the ampnlla, where it opens at the snmmit of the 
major dnodenal papilla (see Fig. 2.59A & B). In this ease, 
both the biliary and panereatie dnet systems are bloeked and 
neither bile nor panereatie jniee ean enter the dnodennm. 
However, bile may baek up and enter the panereatie dnet, 
nsnally resnlting in panereatitis (infìammation of the pan- 
ereas). A similar refìux of bile sometimes resnlts from spasms 
of the hepatopanereatie sphineter. Normally, the sphineter of 
the panereatie dnet prevents refìux of bile into the panereatie 
dnet; however, if the hepatopanereatie ampnlla is obstrneted, 
the weak panereatie dnet sphineter may be nnable to with- 
stand the excessive pressnre of the bile in the hepatopanere- 
atie ampnlla. If an aeeessory panereatie dnet eonneets with 
the main panereatie dnet and opens into the dnodennm, it 
may eompensate for an obstrneted main panereatie dnet or 
spasm of the hepatopanereatie sphineter. 


Endoseopie Retrograde 
Gholangiopanereatography 

Endoseopie retrograde eholangiopanereatography 
(ERCP) has beeome a standard proeednre for the 
diagnosis of both panereatie and biliary disease 



Rnptnre of Panereas 

The panereas is eentrally loeated within the body. 
Consequently it is not palpable and is well proteeted 
from all bnt the most severe penetrating tranma. The 
panereas, like the liver, has a eonsiderable fnnetional reserve. 



Hepatie ducts 
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duct 


Gystie duct 
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Aeeessory 
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Duodenoscope 



Anterior view 


FIGIJRE B2.21. Endoseopie retrograde eholangiopanereatogram. 
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For all these reasons, the panereas, as an exocrine organ, is not 
eommonly a primary eanse of elinieal problems (diseonnting 
diahetes, an endoerine disorder of the islet eells). Most exo- 
erine panereatie problems are seeondary to biliary problems. 
Panereatie injnry ean resnlt from sndden, severe, foreefnl eom- 
pression of the abdomen, sneh as the foree of impalement on a 
steering wheel in an antomobile aeeident. Beeanse the pan- 
ereas lies transversely, the vertebral eolnmn aets as an anvil, and 
the tranmatie foree may mptnre the friable panereas. 

Rnptnre of the panereas frequently tears its dnet system, 
allowing panereatie jniee to enter the parenehyma of the 
gland and to invade adjaeent tissnes. Digestion of panereatie 
and other tissnes by panereatie jniee is very painfnl. 


Panereatìe Ganeer 



Ganeer involving the panereatie head aeeonnts for most 
eases of extrahepatic obstmetion of the biliary dnets. 
Beeanse of the posterior relationships of the panereas, 
eaneer of the head often eompresses and obstmets the bile dnet 
and/or the hepatopanereatie ampnlla. This eanses obstmetion, 
resnlting in the retention of bile pigments, enlargement of the 
gallbladder, and obstmetive janndiee. {Fr. janne, yel- 
low) is the yellow staining of most body tissnes, skin, mneons 
membranes, and eonjnnetiva by eirenlating bile pigments. 

Most people with panereatie eaneer have ductular ade- 
noeareìnoma. Severe pain in the baek is frequently present. 
Ganeer of the neek and body of the panereas may eanse 
hepatie portal or inferior vena eaval obstrnetion beeanse 
the panereas overlies these large veins (see Fig. 2.60B). The 
panereas’s extensive drainage to relatively inaeeessible lymph 
nodes, and the faet that panereatie eaneer typieally metasta- 
sizes to the liver early, via the hepatie portal vein, make snrgi- 
eal reseetion of the eaneerons panereas nearly fntile. 



Palpation of inferior margin of liver 

FIGIJRE B2.22. Palpatìon of ìnferìor margìn of lìver. 


for pns to eolleet is in the right or left snbphrenie reeess or 
spaee. Snhphrenie ahseesses are more eommon on the right 
side beeanse of the frequency of mptnred appendiees and per- 
forated dnodenal nleers. Beeanse the right and left snbphrenie 
reeesses are eontinnons with the hepatorenal reeess (the lowest 
[most gravity dependent] parts of the peritoneal eavity when 
snpine), pns from a snbphrenie abseess may drain into one of 
the hepatorenal reeesses (Fig. 2.64E), espeeially when patients 
are bedridden. 

A snbphrenie abseess is often drained by an ineision 
inferior to, or throngh, the bed of the 12th rib (Ellis, 2010), 
making it nnneeessary to ereate an opening in the plenra or 
peritonenm. An anterior snbphrenie abseess is often drained 
throngh a snbeostal ineision loeated inferior and parallel to 
the right eostal margin. 


LIVER, BILIARY DUCTS, 

AND GALLBLADDER 

Palpatìon of Lìver 

The liver may be palpated in a snpine person beeanse 
of the inferior movement of the diaphragm and liver 
that aeeompanies deep inspiration (see Fig. 2.62). 
One method of palpating the liver is to plaee the left hand pos- 
teriorly behind the loiver rih eage (Fig. B2.22). Then, pnt the 
right hand on the person’s right npper quadrant, lateral to the 
reetns ahdominis and inferior to the eostal margin. The person 
is asked to take a deep breath as the examiner presses postero- 
snperiorly with the right hand and pnlls anteriorly with the left 

hand (Biekley, 2009). 

Subphrenic Abseesses 

Peritonitis may resnlt in the formation of loealized 
ahseesses (eolleetions of pnrnlent exudate, or pns) in 
varions parts of the peritoneal eavity. A eommon site 


Hepatie Lobeetomies 
and Segmenteetomy 

When it was diseovered that the right and left 
hepatie arteries and dnets, as well as branehes of the 
right and left hepatie portal veins, do not eommnni- 
eate, it beeame possible to perform hepatie loheetomies, 
removal of the right or left (part of the) liver, without exces- 
sive bleeding. 

Most injnries to the liver involve the right liver. More 
reeently, espeeially sinee the advent of the eanterizing seal- 
pel and laser snrgery, it has beeome possible to perform 
hepatie segmenteetomies. This proeednre makes it possible 
to remove (reseet) only those segments that have snstained 
a severe injnry or are affeeted by a tnmor. The right, inter- 
mediate, and left hepatie veins serve as gnides to the planes 
(fìssnres) between the hepatie divisions (Fig. B2.23); how- 
ever, they also provide a major sonree of bleeding with which 
the snrgeon mnst eontend. While the pattern of braneh- 
ing demonstrated in Fignre 2.67A is the most eommon 
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FIGITRE B2.23. Ultrasonography (US) of hepatie veins. 


pattern, the segments vary eonsiderably in size and shape 
as a resnlt of individnal variation in the branehing of the 
hepatie and portal vessels. Eaeh hepatie reseetion is empiri- 
eal, requiring nltrasonography, injeetion of dye, or balloon 
eatheter oeelnsion to establish the patient s segmental pat- 
tern (Gheng et ah, 1997). A more extensive injnry that is 
likely to leave large areas of the liver devasenlarized may 
still require lobeetomy. 



Rupture of Lìver 

The liver is easily injnred beeanse it is large, fixed in 
position, and friable (easily ernmbled). Often a frae- 
tnred rib that perforates the diaphragm tears the 
liver. Beeanse of the liver s great vasenlarity and friability, 
liver laeerations often eanse eonsiderable hemorrhage and 
right npper quadrant pain. In sneh eases, the snrgeon mnst 
deeide vvhether to remove foreign material and the eontami- 
nated or devitalized tissne by disseetion or to perform a seg- 
menteetomy. 


Aberrant Hepatìe Arteries 

The more eommon variety of right or left hepatie 



artery that arises as a terminal braneh of the hepatie 
artery proper (Fig. B2.24A) may be replaeed in part 
or entirely by an aberrant (aeeessory or replaeed) artery arising 
from another sonree. The most eommon sonree of an aherrant 
right hepatie artery is the SMA (Fig. B2.24B). The most eom- 
mon sonree of an aherrant left hepatie artery is the left gastrie 
artery(Fig. B2.24C). 



Variations in Relationships 
of Hepatie Arteries 

In most people, the right hepatie artery erosses ante- 
rior to the hepatie portal vein (Fig. B2.24D); how- 
ever, in some people, the artery erosses posterior to 
the hepatie portal vein (Fig. B2.24F). In most people, the right 
hepatie artery rnns posterior to the eommon hepatie dnet 
(Fig. B2.24G). In some individnals, the right hepatie artery 
erosses anterior to the eommon hepatie dnet (Fig. B2.24F), or 
the right hepatie artery arises from the SMA and so does not 
eross the eommon hepatie dnet at all (Fig. B2.24H). 



Hepatomegaly 

The liver is a soft highly vasenlar organ that reeeives a 
large amonnt of blood immediately before it enters 
the heart. Both the IVC and hepatie veins laek valves. 
Any rise in eentral venons pressnre is direetly transmitted to the 
liver, whieh enlarges as it beeomes engorged with blood. 
Marked temporary engorgement stretehes the fibrons eapsnle 
of the liver, prodneing pain aronnd the lower ribs, partienlarly 
in the right hypoehondrinm. This engorgement, partienlarly in 
eonjnnetion with inereased or snstained diaphragmatie aetivity, 
may be an nnderlying eanse of “rnnner’s stiteh,” perhaps 
explaining why it is a right-sided phenomenon. 

In addition to diseases that prodnee hepatie engorgement 
sneh as eongestive heart failnre, baeterial and viral diseases sneh 
as hepatitis eanse hepatormgaly (liver enlargement). When the 
liver is massively enlarged, its inferior edge may be readily pal- 
pated below the right eostal margin and may even reaeh the 
pelvie brim in the right lower quadrant of the abdomen. 

Tnmors also enlarge the liver. The liver is a eommon site 
of metastatie eareinoma (seeondary eaneers spreading from 
organs drained by the portal system of veins, e.g., the large 
intestine). Ganeer eells may also pass to the liver from the 
thorax, espeeially from the right breast, beeanse of the eom- 
mnnieations between thoraeie lymph nodes and the lymphatie 
vessels draining the bare area of the liver. Metastatie tnmors 
form hard, ronnded nodnles within the hepatie parenehyma. 


eìrrhosìs of Lìver 


The liver is the primary site for detoxifieation 
of snbstanees absorbed by the gastrointestinal 
traet; thns it is vnlnerable to eellnlar damage and 
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FIGIJRE B2.24. Varìatìons of rìght and left hepatìe arterìes. 


consequent searring, aeeompanied by regenerative nodnles. 
There is progressive destrnetion of hepatoeytes (Fig. 2.69) 
in hepatie eirrhosis and replaeement of these eells by fat and 
fibrons tissne. Althongh many indnstrial solvents, sneh as 
earbon tetraehloride, prodnee eirrhosis, the eondition 
develops most frequently in persons snffering from ehronie 
aleoholism. 

Aleoholie eirrhosis, the most eommon of many eanses of 
portal hypertension, is eharaeterized by hepatomegaly and 
a “hobnail” appearanee of the liver snrfaee (see Fig. B2.30B 


the blne box 'Tortosystemie Shnnts” on p. 288) resnlting 
from fatty ehanges and fibrosis. The liver has great fnnetional 
reserve; therefore the metabolie evidenee of liver failnre 
is late to appear. Fibrons tissne snrronnds the intrahepatie 
blood vessels and biliary dnets, making the liver firm, and 
impeding the eirenlation of blood throngh it {portal hyper- 
tension). The treatment of advaneed hepatie eirrhosis may 
inelnde the snrgieal ereation of a portosystemie or portoeaval 
shnnt, anastomosing the portal and systemie venons systems 
(see the blne box “Portosystemie Shnnts,” p. 288). 
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Liver Biopsy 

Hepatie tissue may be obtained for diagnostie pur- 
poses by liver hiopsy. Because the liver is loeated in 
the right hypoehondriae region where it reeeives pro- 
teetion from the overlying thoraeie eage, the needle is eom- 
monly direeted throngh the right lOth intereostal spaee in the 
midaxillary line. Before the physieian takes the biopsy, the per- 
son is asked to hold his or her breath in full expiration to rednee 



bile duct formation is important for snrgeons when they 
ligate the eystie duct during eholeeysteetomy (snrgieal 
removal of the gallbladder). 


Aeeessory Hepatie Ducts 

Aeeessory (aberrant) hepatie dnets are eommon 


and are in positions of danger dnring eholeeystee- 

tomy. An aeeessory duct is a normal segmental duct 
the eostodiaphragmatie reeess and to lessen the possibility of that joins the biliary system ontside the liver instead of within 



'ar' 


damaging the lung and eontaminating the plenral eavity. 


Mobile Gallbladder 

In most people the gallbladder is elosely attaehed to 
the fossa for the gallbladder on the viseeral snrfaee of 
the liver (Fig. 2.72). In approximately 4% of people, 
however, the gallbladder is snspended from the liver by a short 
mesentery, inereasing its mobility. Mohile gallhladders are 
snbjeet to vasenlar torsion and infaretion (sndden insnffìeieney 
of arterial or venons blood snpply). 



it (Fig. B2.26). Beeanse it drains a normal segment of the 
liver, it leaks bile if inadvertently cut during snrgery 
(Skandalakis et al., 2009). Of 95 gallbladders and biliary ducts 
studied, 7 had aeeessory ducts: 4 joined the eommon hepatie 
duct near the eystie ducts, 2 joined the eystie duct, and 1 was 
an anastomosing duct eonneeting the eystie duct with the 
eommon hepatie duct (Grant, in Agur and Dalley, 2013). 


Gallstones 


Varìatìons ìn the Cystìc 
and Hepatìe Dnets 



A gallstone is a eoneretion in the gallbladder, eystie 
duct, or bile duct eomposed ehiefìy of eholesterol 
erystals (Fig. B2.27). Gallstones {eholelithiasis) are 
much more eommon in females and their ineidenee inereases 
with age. However, in approximately 50% of persons, gallstones 
Oeeasionally the eystie duct runs alongside the eom- are “silent” (asymptomatie). Over a 20-year period, two thirds 

mon hepatie duct and adheres elosely to it. The eystie of asymptomatie people with gallstones remain symptom free. 

duct may be short or even absent. In some people, The longer stones remain quiescent, the less likely symptoms 

there is low union of the eystie and eommon hepatie ducts are to develop. For gallstones to cause elinieal symptoms, they 

(Fig. B2.25A). As a resnlt, the bile duct is short and lies poste- must obtain a size snffìeient to prodnee meehanieal injnry to 

rior to the snperior part of the duodenum, or even inferior to it. the gallbladder or obstrnetion of the biliary traet (Townsend et 

When there is low union, the two ducts may be joined by al., 2012). 



fìbrons tissne, making snrgieal elamping of the eystie duct dif- 
fìcult without injuring the eommon hepatie duct. 


The distal end of the hepatopanereatie ampnlla is the nar- 
rowest part of the biliary passages and is the eommon site 


Oeeasionally, there is high union of the eystie and eom- for impaetion of gallstones. Gallstones may also lodge in the 
mon hepatie ducts near the porta hepatis (Fig. B2.25B). hepatie and eystie ducts. A stone lodged in the eystie duct 
In other eases, the eystie duct spirals anteriorly over the eanses Mmrí/eo/ie (intense, spasmodie pain). When the gall- 
eommon hepatie duct before joining it on the left side bladderrelaxes,thestonemaymovebackintothegallbladder. 
(Fig. B2.25G). Awareness of the variations in arteries and If the stone bloeks the eystie duct, (infìammation 
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FIGIJRE B2.25. Union of eystie and eommon hepatie ducts. A. Lovv union. B. High union. C. Svverving course. 
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FIGURE B2.26. 


of the gallbladder) oceurs because of bile accumulation, caus- 
ing enlargement of the gallbladder. 

Another eommon site for impaetion of gallstones is in 
an abnormal saeenlation (Hartmann pouch), that appears 
in diseased states at the jnnetion of the neek of the gall- 
bladder and the eystie duct. When this pouch is large, the 
eystie duct arises from its upper left aspeet, not from what 
appears to be the apex of the gallbladder. Gallstones eom- 
monly eolleet in the pouch. If a peptie duodenal ulcer rup- 
tures, a false passage may form between the pouch and the 
snperior part of the duodenum, allowing gallstones to enter 
the duodenum. (See the following blue box, “Gallstones in 
Duodenum.”) 

Pain from an impaetion of the gallhladder develops in the 
epigastrie region and later shifts to the right hypoehondriae 



eholelithiasis. The gallbladder has been opened to reveal 
nunnerous yellow eholesterol gallstones. 

FIGURE B2.27. Gallstones (eholelithiasis). The gallbladder has been 
opened to reveal numerous yellovv eholesterol gallstones. 


region at the jnnetion of the 9th eostal eartilage and the lat- 
eral border of the rectus sheath. Inflammation of the gall- 
hladder may cause pain in the posterior thoraeie wall, or right 
shonlder owing to irritation of the diaphragm. If bile eannot 
leave the gallbladder, it enters the blood and esaises janndiee 
(see the blue box 'Tanereatie Ganeer,” p. 283). Ultrasound 
and GT seans are eommon non-invasive techniques for loeat- 
ing stones. 

Gallstones in Dnodennm 



A gallbladder that is dilated and inflamed owing 
to an impaeted gallstone in its duct may develop 
adhesions with adjaeent viseera. Gontinned inflam- 
mation may break down (nleerate) the tissue boundaries 
between the gallbladder and a part of the gastrointestinal 
traet adherent to it, resnlting in a eholeeysto-enterie flstnla 
(Fig. B2.28). Beeanse of their proximity to the gallbladder, 
the snperior part of the duodenum and the transverse eolon 
are most likely to develop a flstnla of this type. The flstnla 
would enable a large gallstone, ineapable of passing though 
the eystie duct, to enter the gastrointestinal traet. A large 
gallstone entering the small intestine in this way may beeome 
trapped at the ileoeeeal valve, prodneing a bowel obstrnetion 
{gallstone ilens). A eholeeysto-enterie flstnla also permits gas 
from the gastrointestinal traet to enter the gallbladder, pro- 
viding a diagnostie radiographie sign. 


eholeeysteetomy 

People with severe hiliary eolie usually have their 
gallbladders removed. Laparoseopie eholeeystee- 



tomy often replaees the open-ineision snrgieal 
method. The eystie artery most eommonly arises from the 
right hepatie artery in the eystohepatie triangle (Galot tri- 
angle) (see Figs. 2.72 and 2.74A). In enrrent elinieal use, the 
eystohepatie triangle is deflned inferiorly by the eystie duct. 
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FIGURE B2.28. 
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medially by the eommon hepatie dnet, and snperiorly by the 
inferior snrfaee of the liver. Garefnl disseetion of the eystohe- 
patie triangle early dnring eholeeysteetomy safegnards these 
important strnetnres shonld there be anatomieal variations. 
Errors dnring gallbladder snrgery eommonly resnlt from fail- 
nre to appreeiate the eommon variations in the anatomy of 
the biliary system, espeeially its blood snpply. Before dividing 
any strnetnre and removing the gallbladder, snrgeons iden- 
tify all three biliary dnets, as well as the eystie and hepatie 
arteries. It is nsnally the right hepatie artery that is in danger 
dnring snrgery and mnst be loeated before ligating the eystie 
artery. 


Portal Hypertension 

When searring and fibrosis from eirrhosis obstmet the 
hepatie portal vein in the liver, pressnre rises in the 




vein and its tribntaries, prodneing portal hyperten- on the head of Mednsa, a eharaeter in Greek mythology 
sion. The large volnme of blood fiowing from the portal system (pig B2.29). 

to the systemie system at the sites of portal-systemie anastomo- 

ses may prodnee varieose veins, espeeially in the lower esoph- 

agns. The veins may beeome so dilated that their walls rnptnre, 

resnlting in hemorrhage (see Fig. B2.7). 

Bleeding from esophageal variees (abnormally dilated 

veins) at the distal end of the esophagns is often severe 


Portosystemìe Shnnts 

A eommon method for redneing portal hypertension 
is to divert blood from the portal venons system to the 
systemie venons system by ereating a eommnnieation 
and may be fatal. In severe eases of portal obstrnetion, between the hepatie portal vein and the IVC. This 
the veins of the anterior abdominal wall (normally eaval anastomosis orportosystemie shnnt msiyhe donew\ìeYet\ìese 

tribntaries) that anastomose with the para-nmbilieal veins vessels lie elose to eaeh other posterior to the liver 

normally portal tribntaries) may beeome varieose and (Fig. B2.30A-C). Anotherway of redneingportalpressnre is to 
look somewhat like small snakes radiating nnder the skin join the splenie vein to the left renal vein, after spleneetomy 
aronnd the nmbiliens. This eondition is referred to as {splenorenal anastomosis or shnnt) (Fig. B2.30B-D 

eapnt mednsae beeanse of its resemblanee to the serpents (Skandalakis et al., 2009). 
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The Bottom Lìne 


SPLEEN AND PANGREAS 

Spleen: The spleen is a highly vascular (sinusoidal), pulpy mass 
surrounded by a delieate fibroelastie capsule. ♦ The spleen is 
eompletely eovered by peritoneum, except at the splenie hilum, 
where the splenorenal ligament (eonveying splenie vessels to the 
spleen) and gastrosplenie ligament (eonveying the short gastrie 
and left gastro-omental vessels to the stomaeh) attaeh. ♦ The 
average spleen is about the size of one’s fist, within a eonsider- 
able range of normal variation. ♦ The spleen is the largest of 
the lymphoid organs, but it is not vital. ♦ As a blood reservoir, 
it is normally eapable of eonsiderable temporary expansion and 
eontraetion, but it may undergo much more marked, ehronie 
enlargement when diseased. ♦ Although it reeeives proteetion 
from the overlying left 9th-11 th ribs, the relatively delieate 
spleen is the abdominal organ most vulnerable to indireet 
trauma. ♦ Strong blows to the abdomen ean cause a sudden 
inerease in intra-abdominal pressure that may rupture the 
spleen, resulting in proftjse intraperitoneal hemorrhage. 

Panereas: The panereas is both an exocrine gland, produc- 
ing panereatie juice that is seereted into the duodenum for diges- 
tion, and an endoerine gland, producing insulin and glucagon 
that are released as hormones into the blood. ♦ The seeondarily 
retroperitoneal panereas eonsists of a head, an uncinate pro- 
eess, neek, body, and tail. ♦ The head, to the right of the SMA, 
is embraeed by the C-shaped duodenum and penetrated by the 
termination of the bile duct, whereas its extension, the uncinate 
proeess, passes posteriorto the SMA. ♦ The neek passes anterior 
to the SMA and SMV, the latter merging there with the splenie 
vein to form the hepatie portal vein. ♦ The body lies to the left 
ofthe SMA, running transversely aeross the posterior wall ofthe 
omental bursa and erossing anteriorly over the L2 vertebral body 
and abdominal aorta. ♦ The tail enters the splenorenal ligament 
as it approaehes the splenie hilum. ♦ The splenie vein runs paral- 
lel and posterior to the tail and body of the panereas as it runs 
from the spleen to the hepatie portal vein. ♦ The main panereatie 
duct runs a similar course within the panereas, continuing trans- 
versely through the head to merge with the bile duct to form the 
hepatopanereatie ampulla, which enters the deseending part of 
the duodenum. ♦ As an endoerine gland, the panereas reeeives 
an abundant blood supply from the pancreaticoduodenal and 
splenie arteries. ♦ Although it reeeives vasomotorsympathetie 
and seeretomotor parasympathetie nerve fibers, regulation of 
panereatie seeretion is primarily hormonal. ♦ The panereas is well 
proteeted by its eentral loeation in the abdomen. The exocrine 
panereas is seldom the cause of elinieal problems, although dia- 
betes, involving the endoerine panereas, has beeome inereasingly 
eommon. 

LIVER, BILIARYDUCTS, GALLBLADDER, 

AND PORTAL VEIN 

Lìver: The liver has multiple functions. ♦ It is our major meta- 
bolie organ, initially reeeiving all absorbed foodstuffs, except 


fats. ♦ It is also our largest gland, functioning as an extrinsic 
intestinal gland in producing bile. ♦ The liver occupies essen- 
tially all of the right dome of the diaphragm and extends to the 
apex of the left dome. Consequently, it enjoys proteetion from 
the lower thoraeie eage and moves with respiratory excursions. 

♦ Thel iver is divided superficially by the faleiform ligament 
and a groove for the ligamentum venosum into a large anatomi- 
eal right lobe and a much smaller left one; formations on its 
viseeral surface demareate caudate and quadrate lobes. 

♦ Thel iver is eovered with peritoneum except for the bare area, 
demareated by peritoneal refìeetions eomprising the eoronary 
ligaments. ♦ Based on interdigitated branehings of the portal 
triad (hepatie portal vein, hepatie artery, and intrahepatie bile 
ducts) and hepatie veins, the continuous parenehyma of the 
liver ean be divided into right and left livers (plus the caudate 
lobe). ♦ The liverean be further subdivided into four divisions 
and then eight surgically reseetable hepatie segments. ♦ The 
liver, like the lungs, reeeives a dual blood supply, with 75-80% 
ofthe blood arriving via the hepatie portal vein, meeting the 
nutritional needs of the hepatie parenehyma; 20-25% arrives via 
the hepatie artery, delivered primarily to the non-parenehymal 
elements. The hepatie portal vein and hepatie artery enter the 
liver via the porta hepatis, where the hepatie ducts exit. ♦ Three 
large hepatie veins drain direetly to the IVC as it is embedded in 
the liver’s bare area. ♦ The liver is also the body’s largest lymph- 
producing organ. The liver’s viseeral aspeet drains via an abdomi- 
nal route, and its diaphragmatie aspeet drains via a thoraeie route. 

Bìlìary ducts and gallbladder: Right and left hepatie 
ducts drain the bile produced by the right and left livers into 
the eommon hepatie duct, which thus earries all bile from the 
liver. ♦ The eommon hepatie duct merges with the eystie duct 
to form the bile duct, which eonveys the bile to the deseending 
part of the duodenum. ♦ When the sphineter of the bile duct 
is elosed, bile baeks up in the bile and eystie ducts, filling the 
gallbladder, where bile is stored and eoneentrated between 
meals. ♦ Although parasympathetie innervation ean open the 
sphineter of the bile duct (and the weaker sphineter of the 
hepatopanereatie ampulla) and eontraet the gallbladder, typi- 
eally these are hormonally regulated responses to fat enter- 
ing the duodenum, emptying the accumulated bile into the 
duodenum. ♦ The pear-shaped gallbladder is attaehed to the 
viseeral surface of the liver, with its fundus projeeting from the 
liver’s inferior border against the anterior abdominal wall at 
the interseetion of the transpylorie plane and the right MCL. 

♦ The gallbladder, eystie duct, and uppermost bile duct are 
supplied by the eystie artery, a braneh arising from the right 
hepatie artery within the eystohepatie triangle. ♦ In addition 
to drainage via eystie veins that aeeompany the eystie artery 
and enter the hepatie portal vein, veins from the fundus and 
body make up a mini-portal system that drains direetly into 
the hepatie sinusoids deep to the viseeral surface of the liver. 
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Hepatìe portal veín: The large but short hepatie por- 
tal vein, formed posterior to the neek of the panereas by the 
merger of the SMV and splenie vein, eonveys all venous blood 
and bloodborne nutrients from the gastrointestinal traet to the 
liver. ♦ The hepatie portal vein terminates atthe porta hepatis, 
bifurcating into the right and left portal veins, distributed in 
a segmental pattern to the right and left livers. ♦ The hepatie 
portal vein traverses the hepatoduodenal ligament (free edge 


of lesser omentum and anterior boundary of omental foramen) 
as part of an extrahepatic portal triad (hepatie portal vein, 
hepatie artery, bile duct). ♦ Portal-systemie anastomoses pro- 
vide a potential eollateral pathway by which blood ean return 
to the heart when there is an obstruction ofthe hepatie portal 
vein or disease of the liver. However, when the eollateral path- 
ways must eonvey large volumes, potentially lethal esophageal 
variees may develop. 


Kìdneys, IJreters, 
and Snprarenal Glands 

The kidneys produce urine that is eonveyed by the nreters to 
the nrinary hladder in the pelvis. The snperomedial aspeet 
of eaeh kidney normally eontaets a snprarenal gland. A weak 


faseial septnm separates the glands from the kidneys; thus 
they are not aetnally attaehed to eaeh other (Fig. 2.76). The 
snprarenal glands fnnetion as part of the endoerine system, 
eompletely separate in hmetion from the kidneys. The supe- 
rior nrinary organs (kidneys and nreters), their vessels, and 
the snprarenal glands are primary retroperitoneal structures 
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FIGIJRE 2.76. Posterior abdominal wall showing great vessels, kidneys, and suprarenal glands. Most of the faseia has been removed in this view. The 
ureter erosses the external iliae arteryjust beyond the eommon iliae bifijreation. The gonadal arteries (testicular arteries, as in this male, or ovarian arteries in 
females) eross anterior to the ureters and provide ureteric branehes to them. The renal arteries are not seen here because they lie posterior to the renal veins. 
The superior mesenterie artery arises superior to and runs anteriorly aeross the left renal vein, eompressing the vein against the abdominal aorta posteriorly. 
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on the posterior abdominal wall (Fig. 2.76)—that is, they 
were originally formed as and remain retroperitoneal viseera. 

Perinephrie fat (perirenal fat eapsnle) snrronnds the kid- 
neys and their vessels as it extends into their hollow eenters, the 
renal sinnses (Fig. 2.77). The kidneys, snprarenal glands, and 
the fat snrronnding them are enelosed (exeept inferiorly) by a 
eondensed, membranons layer of renal faseia, which eontin- 
nes medially to ensheath the renal vessels, blending with the 
vasenlar sheaths of the latter. Inferomedially, a delieate exten- 
sion of the renal faseia is prolonged along the nreter as the peri- 


nreterie faseia. External to the renal faseia is paranephrie 
fat (pararenal fat body), the extraperitoneal fat of the Inmbar 
region that is most obvions posterior to the kidney. The renal 
faseia sends eollagen bnndles throngh the paranephrie fat. 

The eollagen bnndles, renal faseia, and perinephrie and 
paranephrie fat, along with the tethering provided by the 
renal vessels and nreter, hold the kidneys in a relatively 
fixed position. However, movement of the kidneys oeenrs 
dnring respiration and when ehanging from the snpine to 
the ereet position, and viee versa. Normal renal mobility is 
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FIGIJRE 2.77. Lumbar approaeh to kidney and musculofascial relationships of kidney. A. The external aspeet ofthe right posterior abdominal wall is 
shown. The posterolateral abdominal wall has been ineised between the muscles of the anterolateral abdominal wall and the muscles of the baek. The kid- 
ney and perinephrie fat surrounding it inside the renal faseia are exposed. See Figure. 2.95A for an earlier stage of this disseetion. B. This transverse seetion 
of the kidney shows the relationships of the muscles and faseia. Because the renal faseia surrounds the kidney as a separate sheath, it must be ineised in any 
surgical operation on the kidney, whether from an anterior or a posterior approaeh. 
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approximately 3 em, approximately the height of one vertebral 
body. Snperiorly, the renal faseia is eontinnons with the faseia 
on the inferior snrfaee of the diaphragm (diaphragmatie faseia); 
thns the primary attaehment of the snprarenal glands is to the 
diaphragm. Inferiorly, the anterior and posterior layers of renal 
faseia are only loosely nnited, if attaehed at all. (See the blne 
boxes “Perinephrie Abseess” and ''Nephroptosis” on p. 298.) 

KIDNEYS 

The ovoid kidneys remove excess water, salts, and wastes of 
protein metabolism from the blood while retnrning nntrients 
and ehemieals to the blood. They lie retroperitoneally on the 
posterior abdominal wall, one on eaeh side of the vertebral 
eolnmn at the level of the T12-L3 vertebrae (Fig. 2.76). 

At the eoneave medial margin of eaeh kidney is a vertieal 
eleft, the renal hilnm (Figs. 2.76 and 2.77B). The renal hilnm 
is the entranee to a spaee within the kidney, the renal sinns. 
Stmetnres that serve the kidneys (vessels, nerves, and stmetnres 
that drain nrine from the kidney) enter and exit the renal sinns 
throngh the renal hilnm. The hilnm of the left kidney lies near 
the transpylorie plane, approximately 5 em from the median 
plane (Fig. 2.78). The transpylorie plane passes throngh the 
snperior pole of the right kidney, which is approximately 2.5 em 
lower than the left pole, probably dne to the presenee of the 
liver. Posteriorly, the snperior parts of the kidneys lie deep to 
the llth and 12th ribs. The levels of the kidneys ehange dnr- 
ing respiration and with ehanges in postnre. Eaeh kidney moves 
2-3 em in a vertieal direetion dnring the movement of the dia- 
phragm that oeenrs with deep breathing. Beeanse the nsnal snr- 
gieal approaeh to the kidneys is throngh the posterior abdominal 
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FIGIJRE 2.78. Surface anatomy of the kìdneys and abdomìnal part of 
ureters. 


wall, it is helpfnl to know that the inferior pole of the right kid- 
ney is approximately a finger s breadth snperior to the iliae erest. 

Dnring life, the kidneys are reddish brown and measnre 
approximately 10 em in length, 5 em in width, and 2.5 em in 
thiekness. Snperiorly, the posterior aspeets of the kidneys are 
assoeiated with the diaphragm, which separates them from 
the plenral eavities and the 12th pair of ribs (Fig. 2.76). More 
inferiorly, the posterior snrfaees of the kidney are related to 
the psoas major mnseles medially and the quadratus Inmbo- 
rnm mnsele (Figs. 2.76 and 2.77). See the blne box 'Tain in 
Pararenal Begion,” p. 298. The snbeostal nerve and vessels and 
the iliohypogastrie and ilio-ingninal nerves deseend diagonally 
aeross the posterior snrfaees of the kidneys. The liver, dno- 
dennm, and aseending eolon are anterior to the right kidney 

(Figs. 2.75B and 2.79). This kidney is separated from the liver 
by the hepatorenal reeess. The left kidney is related to the 
stomaeh, spleen, panereas, jejnnnm, and deseending eolon. 

At the hilnm, the renal vein is anterior to the renal artery, 
which is anterior to the renal pelvis (Figs. 2.76 and 2.80A). 
Within the kidney, the renal sinns is oeenpied by the renal 
pelvis, ealiees, vessels, and nerves, and a variable amonnt of 
fat (Fig. 2.80C & D). Eaeh kidney has anterior and posterior 
snrfaees, medial and lateral margins, and snperior and infe- 
rior poles. However, beeanse of the protrnsion of the Inmbar 
vertebral eolnmn into the abdominal eavity, the kidneys are 
obliquely plaeed, lying at an angle to eaeh other (Fig. 2.77B). 
Consequently, the transverse diameter of the kidneys is fore- 
shortened in anterior views (Fig. 2.76A) and anteroposterior 
(AP) radiographs (Fig. 2.81). The lateral margin of eaeh kid- 
ney is convex, and the medial margin is eoneave where the 
renal sinns and renal pelvis are loeated. The indented medial 
margin gives the kidney a somewhat bean-shaped appearanee. 

The renal pelvis is the fiattened, fnnnel-shaped expan- 
sion of the snperior end of the nreter (Figs. 2.80B-D, 2.81, 
and 2.82). The apex of the renal pelvis is eontinnons with 
the nreter. The renal pelvis reeeives two or three major eali- 
ees (ealyees), eaeh of which divides into two or three minor 
ealiees. Eaeh minor calyx is indented by a renal papilla, the 
apex of the renal pyramid, from which the nrine is excreted. 
In living persons, the renal pelvis and its ealiees are nsnally 
eollapsed (empty). The pyramids and their assoeiated cortex 
form the lobes of the kidney. The lobes are visible on the 
external snrfaees of the kidneys in fetnses, and evidenee of 
the lobes may persist for some time after birth. 

URETERS 

The nreters are mnsenlar dnets (25-30 em long) with nar- 
row Inmina that earry nrine from the kidneys to the nrinary 
bladder (Figs. 2.76 and 2.82). They rnn inferiorly from the 
apiees of the renal pelves at the hila of the kidneys, passing 
over the pelvie brim at the bifnreation of the eommon iliae 
arteries. They then rnn along the lateral wall of the pelvis and 
enter the nrinary bladder. 

The abdominal parts of the nreters adhere elosely to the 
parietal peritonenm and are retroperitoneal thronghont their 
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FIGIJRE 2.79. Relationships of kidneys, suprarenal glands, panereas, and duodenum. The right suprarenal gland is at the level ofthe omental foramen 
(blaek arrow). 


Lateral 

margin 


Anterior 

surface 



(A) Anterior view 
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(B) Anteromedial view 
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(C) Anterior view exposing ealiees 
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FIGIJRE 2.80. Extemal and internal appearanee of kidneys. A. The right kidney. B. Renal sinus, as seen through the renal hilum. C. The anterior lip ofthe 
renal hilum has been cut avvay to expose the renal pelvis and ealiees vvithin the renal sinus. D. This eoronal seetion of the kidney shovvs the organ’s internal 
structure. The renal pyramids eontain the eolleeting tubules and form the medulla of the kidney. The renal cortex eontains the renal corpuscles. 
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FIGIJRE 2.81. lntravenous urogram (pyelogram). The eontrast medium 
vvas injeeted intravenously and vvas eoneentrated and excreted by the kid- 
neys. This AP projeetion sho\A/s the ealiees, renal pelvis, and ureter outlined 
by the eontrast medium fillingtheir lumina. (Courtesy of Dr. john Camp- 
bell, Department of Medieal Imaging, Sunnybrook Medieal Centre, Llniver- 
sity ofToronto, Toronto, ON, Canada.) 


course. From the baek, the surfaee marking of the ureter is 
a line joining a point 5 em lateral to the L1 spinons proeess 
and the posterior snperior iliae spine (Fig. 2.78). The nreters 
oeenpy a sagittal plane that interseets the tips of the trans- 
verse proeesses of the Inmbar vertebrae. When examining 
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FIGIJRE 2.82. Normal eonstrietions of ureters demonstrated by retro- 
grade pyelogram. A. Contrast medium was injeeted into the ureters from 
a fìexible endoseope (urethroscope) in the bladder. The arrows represent 
papillae bulging into the minor ealiees. B. Sites at vvhieh relative eonstrie- 
tions in the ureters normally appear: (1) at the ureteropelvic Junction, 

(2) erossing the external iliae artery and/or pelvie brim, and (3) as the ure- 
ter traverses the bladder vvall. 


the ureters radiographieally using eontrast medinm (Figs. 
2.81 and 2.82), the nreters normally demonstrate relative 
eonstrietions in three plaees: (1) at the jnnetion of the nreters 
and renal pelves, (2) where the nreters eross the brim of the 
pelvie inlet, and (3) dnring their passage throngh the wall of 
the nrinary bladder (Fig. 2.82). These eonstrieted areas are 
potential sites of obstrnetion by nreterie stones (ealenli). 

Gongenital anomalies of the kidneys and nreters are fairly 
eommon. (See the blne box “Gongenital Anomalies of Kid- 
neys and IJreters” on p. 299.) 

SUPRARENAL GLANDS 

The suprarenal (adrenal) glands, yellowish in living per- 
sons, are loeated between the snperomedial aspeets of the 
kidneys and the diaphragm (Fig. 2.83), where they are snr- 
ronnded by eonneetive tissne eontaining eonsiderable peri- 
nephrie fat. The snprarenal glands are enelosed by renal 
faseia by whieh they are attaehed to the crura of the dia- 
phragm. Althongh the name “snprarenal” implies that the 
kidneys are their primary relationship, their major attaeh- 
ment is to the diaphragmatie ernra. They are separated from 
the kidneys by a thin septnm (part of the renal faseia—see 
the blne box “Renal Transplantation,” p. 298). 

The shape and relations of the snprarenal glands differ 
on the two sides. The pyramìdal right gland is more apieal 
(sitnated over the snperior pole) relative to the left kidney, lies 
anterolateral to the right erns of the diaphragm, and makes 
eontaet with the IVC anteromedially (Fig. 2.79) and the liver 
anterolaterally. The ereseent-shaped left gland is medial to the 
snperior half of the left kidney and is related to the spleen, 
stomaeh, panereas, and the left erns of the diaphragm. 

Eaeh gland has a hilum, where the veins and lymphatie 
vessels exit the gland, whereas, the arteries and nerves enter 
the glands at mnltiple sites. The medial borders of the snpra- 
renal glands are 4-5 em apart. In this area, from right to left, 
are the IVC, right erns of the diaphragm, eeliae ganglion, 
eeliae trnnk, SMA, and the left erns of the diaphragm. 

Eaeh snprarenal gland has two parts: the suprarenal eor- 
tex Sirìdsnprarenal mednlla (Fig. 2.83, inset); these parts have 
different embryologieal origins and different fnnetions. 

The suprarenal cortex derives from mesoderm and 
seeretes eortieosteroids and androgens. These hormones 
eanse the kidneys to retain sodinm and water in response to 
stress, inereasing the blood volnme and blood pressnre. They 
also affeet mnseles and organs such as the heart and Inngs. 

The suprarenal mednlla is a mass of nervons tissne per- 
meated with eapillaries and sinnsoids that derives from neu- 
ral erest eells assoeiated with the sympathetie nervons system 
(see Fig. 2.87). The ehromaffin eells of the mednlla are related 
to sympathetie ganglion (postsynaptie) nenrons in both deri- 
vation (nenral erest eells) and fnnetion. These eells seerete 
eateeholamines (mostly epinephrine) into the bloodstream 
in response to signals from presynaptie nenrons. Powerful 
mednllary hormones, epinephrine (adrenaline) and norepi- 
nephrine (noradrenaline), aetivate the body to a flight-or-fight 
statns in response to tranmatie stress. They also inerease heart 
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FIGITRE 2.83. Blood vessels of suprarenal glands, kidneys, and superior parts of ureters. The eeliae plexus of nerves and ganglia that surrounds the 
eeliae trunk has been removed. The inferior vena eava has been transeeted, and its superior part has been elevated from its normal position to reveal the 
arteries that pass posteriorto it. The renal veins have been cut so that the kidneys could be moved laterally. For the normal relationships ofthe kidneys and 
suprarenal glands vvith the great vessels, see Figure 2.76. A eross seetion ofthe suprarenal gland (inset) shovvs that it is eomposed oftvvo distinet parts: the 
cortex and medulla, vvhieh are t\A/o separate endoerine glands that beeame elosely related during embryonie development. 


rate and blood pressnre, dilate the bronehioles, and ehange 
blood flow patterns, preparing for physieal exertion. 

VESSELS AND NERVES OF KIDNEYS, URETERS, 

AND SUPRARENAL GLANDS 

Renal Arteríes and Veíns. The renal arteries arise at the 
level of the IV dise between the L1 and L2 vertebrae (Figs. 
2.83 and 2.84). The longer right renal artery passes posterior 
to the IVe. Typieally, eaeh artery divides elose to the hilnm into 
flve segmental arteries that are end arteries (i.e., they do not 
anastomose signifleantly with other segmental arteries, so that 
the area snpplied by eaeh segmental artery is an independent, 
snrgieally reseetable nnit or renal segment). Segmental arter- 
ies are distribnted to the renal segments as follows (Fig. 2.85): 

• The snperior (apieal) segment is snpplied by the snpe- 
rior (apieal) segmental artery; the anterosnperior and 
anteroinferior segments are snpplied by the anterosnpe- 
rior segmental and antero-inferior segmental arter- 


ies; and the inferior segment is snpplied by the inferior 
segmental artery. These arteries originate from the 
anterior braneh of the renal artery. 

• The posterior segmental artery, whieh originates from 
a eontinnation of the posterior braneh of the renal artery, 
snpplies the posterior segment of the kidney. 

Mnltiple renal arteries are eommon and nsnally enter the 
hilnm of the kidney (Fig. 2.84). Extrahilar renal arteries from 
the renal artery or aorta may enter the external snrfaee of the 
kidney, eommonly at their poles (“polar arteries”—see the 
blne box “Aeeessory Renal Vessels” on p. 298). 

Several renal veins drain eaeh kidney and nnite in a variable 
fashion to form the right and left renal veins; these veins lie 
anterior to the right and left renal arteries. The longer left renal 
vein reeeives the left snprarenal vein, the left gonadal {testienlar 
or ovarian) vein, and a eommnnieation with the aseending Inmhar 
vein; it then traverses the aente angle between the S M A anteriorly 
and the aorta posteriorly (see the blne box “Renal Vein Entrap- 
ment Syndrome” on p. 298). Eaeh renal vein drains into the IVC. 
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FIGIJRE 2.84. Arterial supply of kidneys and ureters. The abdominal 
aorta lies anterior to the L1 -L4 vertebral bodies, usually immediately to 
the left of the midline. An aeeessory left renal artery is present. 


Arteríal Supply and Venous Draínage of IJre- 
ters. Arterial hranehes to the ahdominal portion of the nreter 
arise eonsistently from the renal artenes, with less eonstant 
branehes arising from the testienlar or ovarian arteries, the 
ahdominal aorta, and the eommon iliae arteries (Fig. 2.84). The 
branehes approaeh the nreters medially and divide into aseend- 
ing and deseending branehes, forming a longitndinal anasto- 
mosis on the nreterie wall. However, nreterie branehes are 
small and relatively delieate, and disrnption may lead to iseh- 
emia in spite of the eontinnons anastomotie ehannel formed. 
In operations in the posterior abdominal region, snrgeons pay 
speeial attention to the loeation of nreters and are earefnl not 
to retraet them laterally or nnneeessarily. The arteries snpply- 
ing the pelvie portion of the nreter are disenssed in Ghapter 3. 

Yeins draining the ahdominal part of the nreters drain into 
the renal and gonadal (testienlar or ovarian) veins (see Fig. 2.83). 

Suprarenal Arteríes and Veíns. The endoerine fnne- 
tion of the snprarenal glands makes their abnndant blood 
snpply neeessary. The snprarenal arteries braneh freely 
before entering eaeh gland so that 50-60 branehes penetrate 
the eapsnle eovering the entire snrfaee of the glands. Snpra- 
renal arteries arise from three sonrees (Fig. 2.83): 

• Superior suprarenal arteries (6-8) from the inferior 
phrenie arteries. 

• Middle suprarenal arteries (£ 1) from the ahdominal 
aorta near the level of origin of the SMA. 

• Inferior snprarenal arteries (£ 1) from the renal arteries. 
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FIGIJRE 2.85. Renal segments and segmental arteries. A. The five 
renal segments and segmental renal arteries. (Numbers in parentheses 
identify arteries in B.) B. Renal arteriogram {1-5, segmental renal arteries). 
Although the veins of the kidney anastomose freely, segmental arteries 
are end arteries. (B courtesy of Dr. E. L. Lansdovvn, Professor of Medieal 
Imaging, Llniversity ofToronto, Toronto, ON, Ganada.) 


The venons drainage ofthe snprarenal glands occurs via large 
snprarenal veins. The short right suprarenal vein drains into 
the rve, whereas the longer left snprarenal vein, often joined 
by the inferior phrenie vein, empties into the left renal vein. 

Lymphaties of Kidneys^ IJreters^ and Suprarenal 
Glands. The renal lymphatie vessels follow the renal veins 
and drain into the right and left Inmhar {eaval and aortie) 
lymph nodes (Fig. 2.86). Lymphatie vessels from the snpe- 
rior part of the nreter may join those from the kidney or pass 
direetly to the Inmbar nodes. Lymphatie vessels from the 
middle part of the nreter nsnally drain into the eommon iliae 
lymph nodes, whereas vessels from its inferior part drain into 
the eommon, external, or internal iliae lymph nodes. 
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FIGIJRE 2.86. Lymphaties of kidneys and suprarenal glands. The lym- 
phatie vessels of the kidneys form three plexuses: one in the substance of 
the kidney, one underthe fibrous capsule, and one in the perirenal fat. 
Four or five lymphatie trunks leave the renal hilum and are joined by ves- 
sels from the capsule {arrovvs). The lymphatie vessels follovv the renal vein 
to the lumbar (eaval and aortie) lymph nodes. Lymph from the suprarenal 
glands also drains to the lumbar nodes. Lymphatie drainage of the ureters 
is also illustrated. The lumbar lymph nodes drain through the lumbar lym- 
phatie trunks to the eisterna ehyli. 


The snprarenal lymphatie vessels arise from a plexus deep 
to the eapsule of the gland and from one in its mednlla. The 
lymph passes to the Inmhar lymph nodes. Many lymphatie 
vessels leave the snprarenal glands. 

Nerves of Kídneys^ Lfreters^ and Snprarenal 
Glands. The nerves to the kidneys arise from the renal 
nerve plexus and eonsist of sympathetie and parasympa- 
thetie fibers (Fig. 2.87B). The renal nerve plexus is snp- 
plied by fibers from the abdominopelvie (espeeially the least) 
splanehnie nerves. The nerves of the ahdominal part of the 
nreters derive from the renal, abdominal aortie, and snperior 
hypogastrie plexuses (Fig. 2.87A). Viseeral afferent fibers 
eonveying pain sensation (e.g., resnlting from obstrnetion 
and eonsequent distension) follow the sympathetie fibers 
retrograde to spinal ganglia and eord segments T11-L2. Ure- 
terie pain is nsnally referred to the ipsilateral lower quadrant 
of the anterior abdominal wall and espeeially to the groin (see 
the blne box “Renal and Ureterie Galenli,” p. 300). 

The rieh nerve snpply of the snprarenal glands is from the 
eeliae plexus and abdominopelvie (greater, lesser, and least) 
splanehnie nerves. Myelinated presynaptie sympathetie 
fibers—mainly derived from the intermediolateral eell eol- 
nmn (IML), or lateral horn, of gray matter of the spinal eord 
segments TlO-Ll—traverse both the paravertebral and the 
prevertebral ganglia, without synapse, to be distribnted to 
the ehromaffin eells in the snprarenal mednlla (Fig. 2.87B). 
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FIGIJRE 2.87. Nerves of the kìdneys and suprarenal glands. A. The 

nerves ofthe kidneys and suprarenal glands are derived from the eeliae 
plexus, abdominopelvie (lesser and least) splanehnie nerves, and the 
aortieorenal ganglion. The main efferent innervation of the kidney is vaso- 
motor, autonomic nerves supplyingthe afferent and efferent arterioles. 

B. Exclusively in the ease ofthe suprarenal medulla, the presynaptie 
sympathetie fibers pass through both the paravertebral and prevertebral 
ganglia without synapsing to end direetly on the seeretory eells of the supra- 
renal medulla. IMg intermediolateral eell column. 
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KIDNEYS, URETERS, 

AND SUPRARENAL GLANDS 


faseia that separates the kidney from this gland. The site for 
transplanting a kidney is in the iliae fossa of the greater pel- 
vis. This site snpports the transplanted kidney, so that trae- 

Qf Kidnsys plaeed on the snrgieally anastomosed vessels. The 

renal artery and vein are joined to the external iliae artery and 
The kidneys are often impalpable. In lean adnlts, the inferior vein, respeetively, and the nreter is sntnred into the nrinary 
pole of the right kidney is palpable by bimannal examination as bladder. 
a firm, smooth, somewhat ronnded mass that deseends dnring 


inspiration. Palpation of the right kidney is possible beeanse it 
is 1-2 em inferior to the left one. To palpate the kidneys, press 
theflank (side of the tmnk between the llth and 12th ribs and 
the iliae erest) anteriorly with one hand while palpating deeply 
at the eostal margin with the other. The left kidney is nsnally 


Renal Cysts 



Gysts in the kidney, mnltiple or solitary, are eommon 
findings dnring nltrasonnd examinations and dissee- 
tion of eadavers. AA\Atpolycystic disease of the kid- 


not palpable nnless it is enlarged or a retroperitoneal mass has neys is an important eanse of renal failnre; it is inherited as an 


displaeed it inferiorly. 


antosomal dominant trait. The kidneys are markedly enlarged 
and distorted by eysts as large as 5 em. 



Perìnephrìe Abseess 

The attaehments of the renal faseia determine the 
path of extension of a perinephrie ahseess (pns 
aronnd the kidney). For example, faseia at the renal 
hilnm attaehes to the renal vessels and nreter, nsnally prevent- 
ing the spread of pns to the eontralateral side. However, pns pararenal areas. These mnseles fiex the thighs at the hip joints. 

from an abseess (or blood from an injnred kidney) may foree its 
way into the pelvis between the loosely attaehed anterior and 
posterior layers of the renal faseia. 


Pain in Pararenal Region 

The elose relationship of the kidneys to the psoas 
major mnseles explains why extension of the hip joints 
may inerease pain resnlting from infiammation in the 



Aeeessory Renal Vessels 

Dnring their “aseent” to their final site, the embryonie 


Nephroptosis 




kidneys reeeive their blood snpply and venons drain- 
age from sneeessively more snperior vessels. IJsnally 
Beeanse the layers of renal faseia do not fnse firmly the inferior vessels degenerate as snperior ones take over. 

inferiorly to offer resistanee, abnormally mobile Failnre ofthese vessels to degenerate resnlts in reriíz/ 

kidneys may deseend more than the normal 3 em arteries (Fig. 2.84) and veins. Some aeeessory arteries (“polar 

when the body is ereet. When kidneys deseend, the snpra- arteries”) enter/exit the poles of the kidneys. An inferior polar 

renal glands remain in plaee beeanse they lie in a separate artery erosses the nreter and may obstmet it. Variations in the 

faseial eompartment and are firmly attaehed to the dia- nnmber and position of these vessels oeenr in approximately 
phragm. Nephroptosis (dropped kidney) is distingnished 30%ofpeople. 
from an eetopie kidney (eongenital misplaeed kidney) by a 


nreter of normal length that has loose eoiling or kinks 
beeanse the distanee to the bladder has been redneed. The 
kinks do not seem to be of signifieanee. Symptoms of inter- 
mittent pain in the renal region, relieved by lying down, 
appear to resnlt from traetion on the renal vessels. The laek 
of inferior snpport for the kidneys in the Inmbar region is 
one of the reasons transplanted kidneys are plaeed in the 
iliae fossa of the greater pelvis. Other reasons for this plaee- 
ment are the availability of major blood vessels and eonve- 
nient aeeess to the nearby bladder. 



Renal Transplantation 


Renal Vein Entrapment Syndrome 

In erossing the midline to reaeh the IVC, the longer 
left renal vein traverses an aente angle between the 
SMA anteriorly and the abdominal aorta posteriorly 
(Fig. B2.31). Downward traetion on the SMA may eompress 
the left renal vein (and perhaps the third part of the dnodennm) 
resnlting in a renal vein entrapment syndrome (mesoaortie 
eompression of the left renal vein), also known as “nnteraeker 
syndrome” based on the appearanee of the vein in the aente 
arterial angle in a sagittal view. The syndrome may inelnde 
hematnria or proteinnria (blood or protein in the nrine), 
abdominal (left fiank) pain, nansea and vomiting (indieating 


Renal transplantation is the preferred treatment for eompression of the dnodennm), and left testienlar pain in men 

seleeted eases of ehronie renal failnre. The kidney (related to the left testienlar vein draining into the left renal 

ean be removed from the donor without damaging vein proximal to the eompression). IJneommonly, a left-sided 

the snprarenal gland beeanse of the weak septnm of renal varieoeele may oeenr. 
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FIGURE B2.31 


eongenital Anomalies of Kidneys 
and ITreters 



Bifid renal pelvis and nreter are fairly eommon 
(Fig. B2.32A & B). These anomalies resnlt from divi- 
sion of Bienreterie hud (metanephrie divertienlnm), 
the primordinm of the renal pelvis and nreter. The extent of 
nreteral dnplieation depends on the eompleteness of embryonie 
division of the nreterie bud. The bifìd renal pelvis and/or ureter 
may be unilateral or bilateral; however, separate openings into 
the bladder are nneommon. ineomplete division of the nreterie 
bud results in a bifìd ureter; eomplete division resnlts in a super- 
numerary kidney (Moore, Persand and Torehia, 2012). 

An nneommon anomaly is a retroeaval ureter 
(Fig. B2.32C), which leaves the kidney and passes posterior 
to the IVe. 



(A) Bifid renal pelvis 



ureter 



Dnilateral 


duplicated 

ureter 



Bladder 


(B) Bifid ureter and unilateral 
duplicated ureter 



Dreter 


Dreter 


Junction of 
bifid ureter 


Right 
kidney 


Right ureter 



Inferior vena eava 



Inferior 

mesenterie 


Inferior 


vena eava 


Right ureter 



Aorta 


Anomalous 

renal 

vessels 


Eetopie 

kidney 


Left ureter 


(C) Retroeaval ureter 


(D) Horseshoe kidney 


(E) Eetopie pelvie kidney 


FIGURE B2.32 
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The kidneys are elose together in the embryonie pelvis. 
In approximately 1 in 600 fetnses, the inferior poles (rarely, 
the snperior poles) of the kidneys fnse to form a horseshoe 
kidney (Fig. B2.32D). This U-shaped kidney nsnally lies at 
the level of L3-L5 vertebrae beeanse the root of the infe- 
rior mesenterie artery prevented normal reloeation of the 
kidneys. Horseshoe kidney nsnally prodnees no symptoms; 
however, assoeiated abnormalities of the kidney and renal 
pelvis may be present, obstrneting the nreter. 

Sometimes the embryonie kidney on one or both sides 
fails to enter the abdomen and lies anterior to the saernm. 
Althongh nneommon, awareness of the possibility of an eeto- 
pie pelvie kidney (Fig. B2.32E) shonld prevent it from being 
mistaken for a pelvie tnmor and removed. A pelvie kidney in 
a woman also ean be injnred by or eanse obstrnetion dnring 
ehildbirth. Pelvie kidneys nsnally reeeive their blood snpply 
from the aortie bifnreation or a eommon iliae artery. 

Renal and IJreterie Galenli 

® Calculi (L. pebbles) are eomposed of salts of inor- 

ganie or organie aeids or of other materials. They may 
form and beeome loeated in the ealiees of the kidneys, 
nreters, or nrinary bladder (Fig. B2.33). A renal calculus (kid- 
ney stone) may pass from the kidney into the renal pelvis and 
then into the nreter. If the stone is sharp or larger than the 
normal Inmen of the nreter (approximately 3 mm), it eanses 
excessive distension of this mnsenlar tnbe, the ureteric calculus 
will eanse severe intermittent pain {ureteric eolie) as it is grad- 
nally foreed down the nreter by waves of eontraetion. The eal- 
enlns may eanse eomplete or intermittent obstrnetion of nrinary 
flow. Depending on the level of obstrnetion, which ehanges, 
the pain may be referred to the Inmbar or ingninal regions, or 
to the external genitalia and/or testis. 

The pain is referred to the entaneons areas innervated by 
spinal eord segments and sensory ganglia, which also reeeive 
viseeral afferents from the nreter, mainly T11-L2. The pain 
passes inferoanteriorly “from the loin to the groin” as the 
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FIGURE B2.33. 


stone progresses throngh the nreter. (The loin is the Inmbar 
region, and the groin is the ingninal region.) The pain may 
extend into the proximal anterior aspeet of the thigh by pro- 
jeetion throngh the genitofemoral nerve (Ll, L2), the sero- 
tnm in males and the labia majora in females. The extreme 
pain may be aeeompanied by marked digestive npset (nan- 
sea, vomiting, eramping, and diarrhea) and a generalized 
sympathetie response that may to varions degrees mask the 
more speeifle symptoms. 

Ureteric ealenli ean be observed and removed with a 
nephroseope, an instrnment that is inserted throngh a small 
ineision. Another technique, lithotripsy, foenses a shockwave 
throngh the body that breaks the ealenlns into small frag- 
ments that pass with the nrine. 


The Bottom Lìne 

RETROPERITONEAL VISGERA AND THEIR NEUROVASCULATURE 


Kìdneys: The abdominal urinary organs and the suprarenal 
glands are primary retroperitoneal structures, embedded 
within perinephrie fat that is separated from the surrounding 
extraperitoneal paranephrie fat by a membranous eondensa- 
tion, the renal faseia. ♦ The kidneys are bean-shaped struc- 
tures loeated between theT12 and the L3 vertebral levels, deep 
(anterior) to the 12th ribs. ♦ Glosely related to the diaphragm, 
the kidneys move with its excursions. ♦ The suprarenal glands 
are loeated superomedially to the kidneys but are not attaehed 
to them. ♦ The kidneys are hollow. The eentral renal sinus 


is occupied by the renal ealiees and renal pelvis, segmental 
arteries, and renal veins that are embedded in perinephrie 
fat. ♦ The papillae of the renal pyramids, from which urine is 
excreted, evaginate into and are surrounded by minor ealiees. 
♦ The minor ealiees merge to form major ealiees that in turn 
merge to form the renal pelvis. ♦ The vascular structures and 
renal pelvis exit the renal sinus at the medially direeted hilum. 

Ureters: The abdominal portions of the ureters deseend on 
the anterior surface of the psoas muscles from the apex of the 
renal pelvis to the pelvie brim. ♦ The ureters normally have three 
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sites of relative eonstrietion, where kidney stones may lodge: 
the ureteropelvic junction, pelvie brim, and bladder wall. ♦ The 
abdominal portions of the ureters reeeive multiple, relatively 
delieate ureteric branehes from the renal, testicular or ovarian, 
and eommon iliae arteries and from the abdominal aorta, which 
approaeh the ureters medially. ♦ A vertieal line 5 em lateral to the 
lumbar spinous proeesses, interseeting the posterior superior iliae 
spine, approximates the position of the ureter. 

Suprarenal glands: The suprarenal glands are loeated 
superomedially to the kidneys but are attaehed primarily to the 
diaphragmatie crura by the surrounding renal faseia. ♦ Eaeh 
suprarenal gland is actually two endoerine glands of different 
origin and fijnetion: suprarenal cortex and suprarenal medulla 
(the latter surrounded by the former). ♦ The suprarenal cortex 
derives from mesoderm and seeretes eortieosteroids and andro- 
gens; the suprarenal medulla derives from neural erest eells 
and seeretes eateeholamines (mostly epinephrine). ♦ The right 
suprarenal gland is more pyramidal in shape and apieal in posi- 
tion relative to the right kidney, whereas the leftgland is more 
ereseentie and lies more medial to the superior half of the kidney. 

Neurovasculature: The renal arteries arise from the 
abdominal aorta at the level of the L1 -L2 IV dise. They lie ante- 
rior to the renal veins, with the right renal artery being longer 
than the left, and the left renal vein being longer than the right. 
♦ Both renal veins reeeive renal and superior ureteric veins 


and drain into the IVC, but the long left vein also reeeives the 
left suprarenal vein, the left gonadal vein, and a communica- 
tion with the left aseending lumbar vein. ♦ Near the hilum, 
the renal arteries divide into anterior and posterior branehes, 
the anterior branehes giving rise to four segmental renal arter- 
ies. ♦ The segmental renal arteries are end arteries, eaeh sup- 
plying a surgically reseetable renal segment. 

Suprarenal arteries arise from three sources: superior 
suprarenal arteries from the inferior phrenie arteries, middle 
suprarenal arteries from the abdominal aorta, and inferior 
suprarenal arteries from the renal arteries. ♦ The suprarenal 
glands drain via one large suprarenal vein, the right entering 
the IVe and the left entering the left renal vein. 

Lymphaties from the suprarenal glands, kidneys, and 
upper ureters follow the venous drainage to the right or left 
lumbar (eaval or aortie) lymph nodes. 

Viseeral afferent fibers (aeeompanying the sympathetie fibers) 
conduct pain sensation from the ureters to spinal eord segments 
T11 -L2, with sensation referred to the eorresponding derma- 
tomes overlying the loin and groin. The suprarenal glands reeeive 
a rieh nerve supply via presynaptie sympathetie fibers originating 
in the IMLs of the T10-L1 spinal eord segments. These fibers 
traverse both the paravertebral (sympathetie trunks) and prever- 
tebral (eeliae) ganglia without synapsing. They terminate direetly 
on the ehromaffm eells of the suprarenal medulla. 


Summary of Innervation 
of Abdomìnal Viseera 

For autonomic innervation of the abdominal viseera, sev- 
eral different splanehnie nerves and one eranial nerve (the 
vagus, CN X) deliver presynaptie sympathetie and parasym- 
pathetie fibers, respeetively, to the abdominal aortie plexus 
and its assoeiated sympathetie ganglia (Figs. 2.88 and 2.89; 
Table 2.12). The peri-arterial extensions of these plexuses 
deliver postsynaptie sympathetie fibers and the eontinnations 
of parasympathetie fibers to the abdominal viseera, where 
intrinsie parasympathetie ganglia oecur. 

SYMPATHETie INNERVATION 

The sympathetie part of the autonomic innervation of the 
abdominal viseera eonsists of the: 

• Abdominopelvie splanehnie nerves from the thoraeie and 
abdominal sympathetie trunks. 

• Prevertebral sympathetie ganglia. 

• Abdominal aortie plexus and its extensions, the peri- 
arterial plexuses. 

The nerve plexuses are mixed, shared with the parasympa- 
thetie nervous system and viseeral afferent fibers. 

The abdominopelvie splanehnie nerves eonvey pre- 
synaptie sympathetie fibers to the abdominopelvie eavity. The 
fibers arise from eell bodies in the IMLs (or lateral horns) of 


the gray matter of spinal eord segments T5-L2 or L3. The 
fibers pass sneeessively throngh the anterior roots, anterior 
rami, and white eommnnieating branehes of thoraeie and 
upper lumbar spinal nerves to reaeh the sympathetie trunks. 
They pass throngh the paravertebral ganglia of the tmnks with- 
out synapsing to enter the abdominopelvie splanehnie nerves, 
which eonvey them to the prevertebral ganglia of the abdomi- 
nal eavity. The abdominopelvie splanehnie nerves inelnde the: 

• Lotoer thoraeie splanehnie nerves (greater, lesser, and 
least): from the thoraeie part of the sympathetie tmnks. 

• Lnmhar splanehnie nerves: from the lumbar part of the 
sympathetie trunks. 

The loioer thoraeie splanehnie nerves are the main source 
of presynaptie sympathetie fibers serving abdominal viseera. 
The greater splanehnie nerve (from the sympathetie tmnk 
at T5 throngh T9 or TIO vertebral levels), lesser splaneh- 
nie nerve (from TIO and Tll levels), and least splanehnie 
nerve (from the T12 level) are the speeifie abdominopel- 
vie splanehnie nerves that arise from the thoraeie part of the 
sympathetie tmnks. They pieree the eorresponding ems of 
the diaphragm to eonvey presynaptie sympathetie fibers to 
the eeliae, snperior mesenterie, and aortieorenal (preverte- 
bral) sympathetie ganglia, respeetively. 

The Inmbar splanehnie nerves arise from the abdominal 
part of the sympathetie tmnks. Medially, the Inmbar sympathetie 
tmnks give off three to four lumbar splanehnie nerves, whieh 
pass to the intermesenterie, inferior mesenterie, and snperior 
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FIGIJRE 2.88. Autonomìc nerves of posterior abdominal wall. A. Origin and distribution of presynaptie and postsynaptie sympathetie and parasympathetie 
fibers, and the ganglia involved in supplying abdominal viseera are shown. B. The fibers supplying the intrinsie plexuses of abdominal viseera are demonstrated. 









































































Chapter2 Abdomen 


303 


Innervation 


Sympathetie 

Parasympathetie 

Plexuses (sympathetie 
and parasympathetie) 

Saeral plexus (somatie) 


Lower thoraeie 
splanehnie nerves 


Greater 


^ Lesser 


Inferior mesenterie 
ganglion/plexus and artery 


Sympathetie trunk 
and ganglion 


Hypogastrie nerve 


Inferior hypogastrie plexus 


External iliae artery 



Diaphragm 


Fibers from anterior vagal trunk 


Stomaeh (cut edge) 

Fibers from posterior vagal trunk 

Sympathetie fibers to stomaeh 

Geliae ganglion/plexus 
Geliae trunk 

Superior mesenterie ganglion and artery 
Renal plexus and aortieorenal ganglion 


intermesenterie plexus 


Lumbar splanehnie nerves 


Superior hypogastrie plexus 


Internal iliae artery 


Pelvie splanehnie nerves 


Seiatie nerve 


Pudendal nerve 


Anterior view 


FIGIJRE 2.89. Splanehnìe nerves, nerve plexuses, and sympathetìe ganglìa ìn the abdomen. 


TABLE 2.12. AUTONOMIC INNERVATION OF ABDOMINAL VISGERA (SPLANCHNIC NERVES) 


Splanehnie Nerves 

Autonomic 

FiberType® 

System 

Origin 

Destination 

A. Cardiopulmonary 

(eervieal and upper 
thoraeie) 

Postsynaptie 

Sympathetie 

Gervieal and upperthoracic 
sympathetie trunk 

Thoraeie eavity (viseera superiorto level 
of diaphragm) 

B. Abdominopelvie 

1. Lowerthoracic 

a. Greater 

b. Lesser 
e. Least 

2. Lumbar 

3. Saeral 

Presynaptie 

Lowerthoracic and abdomino- 
pelvie sympathetie trunk: 

1. Thoraeie sympathetie trunk: 

a. T5-T9 or TIO level 

b. TlO-Tll level 
e. T12 level 

2. Abdominal sympathetie trunk 

3. Pelvie (saeral) sympathetie 
trunk 

Abdominopelvie eavity (prevertebral 
ganglia serving viseera and suprarenal 
glands inferiorto level of diaphragm) 

1. Abdominal prevertebral ganglia: 

a. Geliae ganglia 

b. Aortieorenal ganglia 

e. and 2. Other abdominal prevertebral 
ganglia (superiorand inferior mesen- 
terie, and of intermesenterie/ 
hypogastrie plexuses) 

3. Pelvie prevertebral ganglia 

e. Pelvie 

Presynaptie 

Parasympathetie 

Anterior rami of S2-S4 spinal 
nerves 

intrinsie ganglia of deseending and sig- 
moid eolon, rectum, and pelvie viseera 


^Splanehnie nerves also eonvey viseeral afferentfibers, vvhieh are not partof the aotonomie nervous system. 
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hypogastrie plexuses, eonveying presynaptie sympathetie fìbers 
to the assoeiated prevertebral ganglia of those plexuses. 

The eell bodies of postsynaptie sympathetie nenrons eon- 
stitnte the major prevertebral ganglia that elnster aronnd the 
roots of the major branehes of the abdominal aorta: the eeliae, 
aortieorenal, snperior mesenterie, and inferior mesen- 
terie ganglia. Minor, nnnamed prevertebral ganglia oeenr 
within the intermesenterie and snperior hypogastrie plex- 
nses. With the exeeption of the innervation of the snprarenal 
mednlla (disenssed on p. 294), the synapse between presyn- 
aptie and postsynaptie sympathetie nenrons oeenrs in the pre- 
vertebral ganglia (Fig. 2.88B). Postsynaptie sympathetie nerve 
fìbers pass from the prevertebral ganglia to the abdominal vis- 
eera by means of the peri-arterial plexuses assoeiated with the 
branehes of the abdominal aorta. Sympathetie innervation in 
the abdomen, as elsewhere, is primarily involved in prodneing 
vasoeonstrietion. With regard to the gastrointestinal traet, it 
aets to inhibit (slow down or stop) peristalsis. 

VISGERAL SENSORYINNERVATION 

Viseeral ajferentfihers eonveying pain sensations aeeompany 
the sympathetie (viseeral motor) fìbers. The pain impnlses 
pass retrogradely to those of the motor fìbers along the 
splanehnie nerves to the sympathetie trnnk, throngh white 
eommnnieating branehes to the anterior rami of the spinal 
nerves. Then they pass into the posterior root to the spinal 
sensory ganglia and spinal eord. Progressively lower spi- 
nal sensory ganglia and spinal eord segments are involved 
in innervating the abdominal viseera as the traet proeeeds 
eandally. The stomaeh (foregnt) reeeives innervation from 
the T6 to T9 levels, small intestine throngh transverse eolon 
(midgnt) from the T8 to 12 levels, and deseending eolon 
(hindgnt) from the T12 to L2 levels (Fig. 2.90). Starting 
from the midpoint of the sigmoid eolon, viseeral pain fìbers 
rnn with parasympathetie fìbers, the sensory impnlses being 
eondneted to S2-S4 sensory ganglia and spinal eord levels. 
These are the same spinal eord segments involved in the 
sympathetie innervation of those portions of alimentary traet. 

Viseeral afferent fihers eonveying refiex sensations (that 
generally do not reaeh levels of eonseionsness) aeeompany 
the parasympathetie (viseeral motor) fìbers. 

PARASYMPATHETie INNERVATION 

The parasympathetie part of the antonomie innervation of the 
abdominal viseera (Figs. 2.88 and 2.89) eonsists of the following: 

• Anterior and posterior vagal tranks. 

• Pelvie splanehnie nerves. 

• Ahdominal (para-aortie) antonomie plexuses and their 
extensions, the peri-arterial plexuses. 

• Intrinsie (enterie) parasympathetie ganglia. 

The nerve plexuses are mixed, shared with the sympathetie 
nervons system and viseeral afferent fìbers. 

The anterior and posterior vagal tranks are the eontinna- 
tion of the left and right vagns nerves that emerge from the 



Anterior view S^ 

FIGITRE 2.90. Segmental innervation of abdominal viseera. Approximate 
spinal eord segments and spinal sensory ganglia involved in sympathetie and 
viseeral afferent (pain) innervation of abdominal viseera are shovvn. 

esophageal plexus and pass throngh the esophageal hiatns 
on the anterior and posterior aspeets of the esophagns and 
stomaeh (see Figs. 2.35 and 2.88A). The vagns nerves eon- 
vey presynaptie parasympathetie and viseeral afferent fìbers 
(mainly for nneonseions sensations assoeiated with refìexes) 
to the abdominal aortie plexuses and the peri-arterial plex- 
nses, which extend along the branehes of the aorta. 

The pelvie splanehnie nerves are distinet from other 
splanehnie nerves (Table 2.12) in that they: 

• Have nothing to do with the sympathetie trnnks. 

• Derive direetly from anterior rami of spinal nerves 82-84. 

• Gonvey presynaptie parasympathetie fìbers to the inferior 
hypogastrie (pelvie) plexus. 

Presynaptie fìbers terminate on the isolated and widely seat- 
tered eell bodies of postsynaptie nenrons lying on or within 
the abdominal viseera, eonstitnting intrinsie (or, in the ease 
of the GI traet, enterie) ganglia (Fig. 2.88B). 

The presynaptie parasympathetie and viseeral afferent refìex 
fìbers eonveyed by the vagns nerves extend to intrinsie ganglia 
of the lower esophagns, stomaeh, small intestine, inelnding the 
dnodennm, aseending eolon, and most of the transverse eolon 
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(see Fig. 2.88A). The fibers eonveyed by the pelvie splanehnie 
nerves snpply the deseending and sigmoid parts of the eolon, 
reetnm, and pelvie organs. Thns, in terms of the gastrointestinal 
traet, the vagns nerves provide parasympathetie innervation of 
the smooth mnsele and glands of the gnt as far as the left eolie 
fiexure; the pelvie splanehnie nerves provide the remainder. 

AUTONOMIC PLEXUSES 

The abdominal antonomie plexuses are nerve networks 
eonsisting of both sympathetie and parasympathetie fibers, 
whieh snrronnd the abdominal aorta and its major branehes 
(Figs. 2.88 and 2.89). The eeliae, snperior mesenterie, and 
inferior mesenterie plexuses are intereonneeted. The pre- 
vertehral sympathetie ganglia are seattered among the eeliae 
and mesenterie plexuses. The intrinsie (enterie) parasym- 
pathetie ganglia, sneh as the myenterie plexus (Anerbaeh 
plexus) in the mnsenlar eoat of the stomaeh and intestine, are 
in the walls of the viseera (see Figs. 2.48A and 2.88B). 

The eeliae plexus, snrronnding the root of the eeliae 
(arterial) trnnk, eontains irregnlar right and left eeliae 
ganglia (approximately 2 em long) that nnite snperior and 
inferior to the eeliae trnnk (Figs. 2.88A and 2.89). The para- 
sympathetie root of the eeliae plexus is a braneh of the pos- 
terior vagal trank, which eontains fibers from the right and 
left vagns nerves. The sympathetie roots of the plexus are the 
greater and lesser splanehnie nerves. 

The snperior mesenterie plexus and ganglion or gan- 
glia snrronnd the origin of the SMA. The plexus has one 
median and two lateral roots. The median root is a braneh of 
the eeliae plexus, and the lateral roots arise from the lesser 


and least splanehnie nerves, sometimes with a eontribntion 
from the first Inmbar ganglion of the sympathetie trnnk. 

The inferior mesenterie plexus snrronnds the infe- 
rior mesenterie artery and gives offshoots to its branehes. 
It reeeives a medial root from the intermesenterie plexus 
and lateral roots from the Inmbar ganglia of the sympathetie 
trnnks. An inferior mesenterie ganglion may also appear 
jnst inferior to the root of the inferior mesenterie artery. 

The intermesenterie plexus is part of the aortie plexus 
of nerves between the snperior and the inferior mesenterie 
arteries. It gives rise to renal, testienlar or ovarian, and nre- 
terie plexuses. 

The superior hypogastrie plexus is eontinnons with the 
intermesenterie plexus and the inferior mesenterie plexus 
and lies anterior to the inferior part of the abdominal aorta 
at its bifnreation (Table 2.12). Right and left hypogastrie 
nerves join the snperior hypogastrie plexus to the inferior 
hypogastrie plexus. The snperior hypogastrie plexus snpplies 
nreterie and testienlar plexuses and a plexus on eaeh eommon 
iliae artery. 

The inferior hypogastrie plexus is formed on eaeh 
side by a hypogastrie nerve from the snperior hypogastrie 
plexus. The right and left plexuses are sitnated on the sides of 
the reetnm, cervix of the nterns, and nrinary bladder. The 
plexuses reeeive small branehes from the snperior saeral 
sympathetie ganglia and the saeral parasympathetie outfiow 
from 82 throngh 84 saeral spinal nerves {pelvie [parasympa- 
thetie] splanehnie nerves). Extensions of the inferior hypo- 
gastrie plexus send antonomie fibers along the blood vessels, 
which form viseeral plexuses on the walls of the pelvie viseera 
(e.g., reetal and vesieal plexuses). 


The Bottom Lìne 


INNERVATION OF ABDOMINAL VISGERA 

Sympathetìe ìnnervatìon: Presynaptie sympathetie nerve 
fibers involved in innervating abdominal viseera arise from eell 
bodies in the lowertwo thirds ofthe IMLs (T5-T6 to L2-L3 spinal 
eord levels) and travel via spinal nerves, anterior rami, and white 
communicating branehes to the sympathetie trunks. ♦ The fibers 
traverse the paravertebral ganglia of the trunks without synaps- 
ing, continuing as eomponents of abdominopelvie splanehnie 
nerves. These nerves eonvey them to the abdominal aortie plexus, 
where they are joined by presynaptie parasympathetie fibers 
delivered by the vagus nerve. ♦ The sympathetie fibers pass to 
prevertebral ganglia, most of which are clustered around the 
major branehes ofthe abdominal aorta. After synapsing within 
the ganglia, the postsynaptie sympathetie fibers join the presyn- 
aptie parasympathetie fibers, traveling via peri-arterial plexuses 
around the branehes of the abdominal aorta to reaeh the viseera. 
♦ A continuation ofthe abdominal aortie plexus inferior to the 
aortie biftireation (the superiorand inferior hypogastrie plexuses) 
eonvey sympathetie innervation to most of the pelvie viseera. The 
sympathetie fibers mainly innervate the blood vessels of abdomi- 
nal viseera and are inhibitory to the parasympathetie stimulation. 


♦ The parasympathetie fibers synapse on or in the walls of the 
viseera with intrinsie postsynaptie parasympathetie neurons, 
which terminate on the smooth muscle orglands ofthe viseera. 

Parasympathetìe ìnnervatìon: The vagus nerves supplies 
parasympathetie fibers to the digestive traet from the esophagus 
through the transverse eolon. ♦ Pelvie splanehnie nerves supply 
the deseending and sigmoid eolon and rectum. ♦ Parasympa- 
thetie stimulation promotes peristalsis and seeretion (although 
much of the latter is usually hormonally regulated). 

Sensory ìnnervatìon: Viseeral afferent fibers follow the 
autonomic fibers retrograde to sensory ganglia. ♦ Afferent fibers 
eonveying pain sensation from abdominal viseera orad (proxi- 
mal) to the middle ofthe sigmoid eolon run with the sympathetie 
fibers to thoracolumbar spinal sensory ganglia; all otherviseeral 
afferent fibers run with the parasympathetie fibers. Thus, viseeral 
afferent fibers eonveying reflex information from the gut orad to 
the middle ofthe sigmoid eolon pass to vagal sensory ganglia; 
fibers eonveying both pain and reflex information from the gut 
aborad (distal) to the middle of the sigmoid eolon pass to spinal 
sensory ganglia S2-S4. 
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DIAPHRAGM 


The diaphragm is a double-domed, musculotendinous 
partition separating the thoraeie and abdominal eavities. Its 
mainly convex snperior snrfaee faees the thoraeie eavity, and 
its eoneave inferior snrfaee faees the abdominal eavity (Fig. 
2.91A & B). The diaphragm is the ehief mnsele of inspira- 
tion (aetnally, of respiration altogether, beeanse expiration 
is largely passive). It deseends dnring inspiration; however, 
only its eentral part moves beeanse its periphery, as the fìxed 
origin of the mnsele, attaehes to the inferior margin of the 
thoraeie eage and the snperior Inmbar vertebrae. 

The pericardium, eontaining the heart, lies on the eentral 
part of the diaphragm, depressing it slightly (Fig. 2.92A). The 
diaphragm enrves snperiorly into right and left domes; nor- 
mally the right dome is higher than the left dome owing to 
the presenee of the liver. Dnring expiration, the right dome 
reaehes as high as the 5th rib and the left dome aseends to 
the 5th intereostal spaee. The level of the domes of the dia- 
phragm varies aeeording to the: 

• Phase of respiration (inspiration or expiration). 

• Postnre (e.g., snpine or standing). 

• Size and degree of distension of the abdominal viseera. 

The muscular part of the diaphragm is sitnated peripher- 
ally with fìbers that eonverge radially on the trifoliate eentral 
aponenrotie part, the eentral tendon (see Fig. 2.91). The 
eentral tendon has no bony attaehments and is ineompletely 


divided into three leaves, resembling a wide eloverleaf (Fig. 
2.91B). Althongh it lies near the eenter of the diaphragm, 
the eentral tendon is eloser to the anterior part of the thorax. 

The eaval opening (vena eaval foramen), throngh which 
the terminal part of the IVC passes to enter the heart, per- 
forates the eentral tendon. The surrounding muscular part 
of the diaphragm forms a continuous sheet; however, for 
deseriptive purposes it is divided into three parts, based on 
the peripheral attaehments: 

• Sternal part; eonsisting of two muscular slips that attaeh 
to the posterior aspeet of the xiphoid proeess; this part is 
not always present. 

• Gostal part; eonsisting of wide muscular slips that attaeh 
to the internal snrfaees of the inferior six eostal eartilages 
and their adjoining ribs on eaeh side; the eostal parts form 
the right and left domes. 

• Lumbar part; arising from two aponenrotie arehes, the 
medial and lateral arenate ligaments, and the three supe- 
rior lumbar vertebrae; the lumbar part forms right and left 
muscular crura that aseend to the eentral tendon. 

The crura of the diaphragm are musculotendinous bands 
that arise from the anterior snrfaees of the bodies of the 
snperior three Inmbar vertebrae, the anterior longitndinal 
ligament, and the IV dises. The right crus, larger and longer 
than the left crus, arises from the fìrst three or four lumbar 
vertebrae. The left crus arises from the fìrst two or three 
lumbar vertebrae. Because it lies to the left of the midline, it 
is snrprising to fìnd that the esophageal hiatns is a formation 
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FIGIJRE 2.91. Attaehments, disposition, and features of the abdominal aspeet of the diaphragm. A. The thoraeie vvall and eage have been removed to 
demonstrate the attaehments and convexity of the right dome of the diaphragm. B. The fleshy sternal, eostal, and lumbar parts of the diaphragm (outlined 
w\th broken lines) attaeh eentrally to the trefoil-shaped eentral tendon, the aponeurotic insertion of the diaphragmatie muscle fìbers. 
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FIGITRE 2.92. Blood vessels of diaphragm. A. The arteries and veins of the superior surface of the diaphragm. B. The arteries and veins of the inferior 
surface ofthe diaphragm. 


in the right erns; hovvever, if the mnsenlar fibers bonnding 
eaeh side of the hiatns are traeed inferiorly, it will be seen 
that they pass to the right of the aortie hiatns. 

The right and left emra and the fibrons median arenate Kg- 
ament, which nnites them as it arehes over the anterior aspeet of 
the aorta, form the aortie hiatns. The diaphragm is also attaehed 
on eaeh side to the medial and lateral arenate ligaments. The 
medial arenate ligament is a thiekening of the faseia eovering 
the psoas major, spanning between the Inmbar vertebral bodies 
and the tip of the transverse proeess of Ll. The lateral arenate 
ligament eovers the quadratus Inmbomm mnseles, eontinning 
from the L12 transverse proeess to the tip of the 12th rib. 

The snperior aspeet of the eentral tendon of the diaphragm 
is fnsed with the inferior snrfaee of the fibrons perieardinm, 
the strong, external part of the fibroserons perieardial sae 
that eneloses the heart. 

Vessels and Nerves of Dìaphragm 

The arteries of the diaphragm form a braneh-like pattern on 
both its snperior (thoraeie) and inferior (abdominal) snrfaees. 
The arteries snpplying the snperior snrfaee of the diaphragm 
(Fig. 2.92; Table 2.13) are the perieardiaeophrenie and mus- 
enlophrenie arteries, branehes of the internal thoraeie artery, 
and the snperior phrenie arteries, arising from the tho- 
raeie aorta. The arteries snpplying the inferior snrfaee of the 
diaphragm are the inferior phrenie arteries, which typi- 
eally are the first branehes of the ahdominal aorta; however, 
they may arise from the eeliae trnnk. 


The veins draining the snperior snrfaee of the diaphragm 
are the perieardiaeophrenie and mnsenlophrenie veins, 
which empty into the intemal thoraeie veins and, on the right 
side, a snperior phrenie vein, which drains into the IVC. 
Some veins from the posterior enrvatnre of the diaphragm 
drain into the azygos and hemi-azygos veins (see Ghapter 1). 
The veins draining the inferior snrfaee of the diaphragm are 
the inferior phrenie veins. The right inferior phrenie vein 
nsnally opens into the 1VC, whereas the left inferior phrenie 
vein is nsnally donble, with one braneh passing anterior to 
the esophageal hiatns to end in the IVC and the other, more 
posterior braneh nsnally joining the left snprarenal vein. The 
right and left phrenie veins may anastomose with eaeh other. 

The lymphatie plexuses on the superior and inferior sur- 
faees of the diaphragm eommnnieate freely (Fig. 2.93A). The 
anterior and posterior diaphragmatie lymph nodes are 
on the snperior snrfaee of the diaphragm. Lymph from these 
nodes drains into the parasternal, posterior mediastinal, and 
phrenie lymph nodes. Lymphatie vessels from the inferior 
snrfaee of the diaphragm drain into the anterior diaphrag- 
matie, phrenie, and snperior lumhar (eavallaortie) lymph 
nodes. Lymphatie eapillaries are dense on the inferior snr- 
faee of the diaphragm, eonstitnting the primary means for 
absorption of peritoneal finid and snbstanees introdneed by 
intraperitoneal (I.P.) injeetion. 

The entire motor supply to the diaphragm is from the 
right and left phrenie nerves, eaeh of which arises from the 
anterior rami of C3-C5 segments of the spinal eord and is 
distribnted to the ipsilateral half of the diaphragm from its 
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TABLE 2.13. NEUROVASCULAR STRUCTURES OF DIAPHRAGM 


Vessels and Nerves 

Superior Surface of Diaphragm 

Inferior Surface of Diaphragm 

Arterial supply 

S yperior phrenie arteries from thoraeie aorta 

Musculophrenic and perieardiophrenie arteries from 
internal thoraeie arteries 

Inferior phrenie arteries from abdominal aorta 

Venous drainage 

Musculophrenic and perieardiaeophrenie veins drain 
into internal thoraeie veins; superior phrenie vein (right 
side) drains into IVC 

Inferior phrenie veins; right vein drains into IVC; left vein is 
doubled and drains into IVC and suprarenal vein 

Lymphatie drainage 

Diaphragmatie lymph nodes to phrenie nodes, then to 
parasternal and posterior mediastinal nodes 

Superior lumbar lymph nodes; lymphatie plexuses on 
superiorand inferior surfaces communicate freely 

Innervation 

Motorsupply: phrenie nerves (C3-C5) 

Sensory supply: eentrally by phrenie nerves (C3-C5), 
peripherally by intereostal nerves (T5-T11) and sub- 
eostal nerves (T12) 



ive, inferior vena eava. 


inferior snrfaee (Fig. 2.93B). Sensory innervation (pain and 
proprioeeption) to the diaphragm is also mostly from the 
phrenie nerves. Peripheral parts of the diaphragm reeeive 
their sensory nerve snpply from the intereostal nerves (lower 
six or seven) and the snbeostal nerves. 

Diaphragmatie Apertures 

The diaphragmatie apertures (openings, hiatns) permit 
strnetnres (vessels, nerves, and lymphaties) to pass between 
the thorax and abdomen (Figs. 2.91, 2.92, and 2.94). There 
are three large apertnres for the IVC, esophagns, and aorta 
and a nnmber of small ones. 


GAVAL OPENING 

The eaval opening is an apertnre in the eentral tendon pri- 
marily for the IVC. Also passing throngh the eaval opening 
are terminal branehes of the right phrenie nerve and a few 
lymphatie vessels on their way from the liver to the middle 
phrenie and mediastinal lymph nodes. The eaval opening is 
loeated to the right of the median plane at the jnnetion of the 
eentral tendon’s right and middle leaves. The most snperior 
of the three large diaphragmatie apertnres, the eaval opening 
lies at the level of the IV dise between the T8 and T9 verte- 
brae. The IVC is adherent to the margin of the opening; eon- 
sequently, when the diaphragm eontraets dnring inspiration. 
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FIGURE 2.93. Lymphatie vessels, lymph nodes, and nerves of diaphragm. A. Lymphatie vessels are formed in tvvo plexuses, one on the superior surface 
of the diaphragm and the other on its inferior surface; the plexuses communicate freely. B. The phrenie nerves supply all of the motor and most of the sen- 
sory innervation to the diaphragm. The lovver six or seven intereostal and subcostal nerves provide sensory innervation peripherally. 

























Chapter2 Abdomen 


309 


Gaval 
opening 

Esophageal 

hiatus 


Aortie 

hiatus 



Sternunn 


Diaphragm 


Inferior 
vena eava 


Esophagus 

Aorta 

Geliae trunk 
Superior 

mesenterie artery 


Lateral view from left 


FIGITRE 2.94. Apertures of diaphragm. “8-10-12” is a eonvenient 
memory deviee, referring to the thoraeie vertebral levels at vvhieh the inferior 
vena eava, esophagus, and aorta penetrate the diaphragm. 


it widens the opening and dilates the IVC. These ehanges 
faeilitate blood flow throngh this large vein to the heart. 


ESOPHAGEAL HIATUS 

The esophageal hiatus is an oval opening for the esopha- 
gns in the mnsele of the right erns of the diaphragm at the 
level of the TIO vertebra. The esophageal hiatns also transmits 
the anterior and posterior vagal trnnks, esophageal branehes 
of the left gastrie vessels, and a few lymphatie vessels. The 
flbers of the right erns of the diaphragm deenssate (eross one 
another) inferior to the hiatns, forming a mnsenlar sphineter 
for the esophagns that eonstriets it when the diaphragm eon- 
traets. The esophageal hiatns is snperior to and to the left of 
the aortie hiatns. In most individnals (70%), both margins of 
the hiatns are formed by mnsenlar bnndles of the right erns. In 
others (30%), a snperfleial mnsenlar bnndle from the left erns 
eontribntes to the formation of the right margin of the hiatns. 


AORTie HIATUS 

The aortie hiatus is the opening posterior in the diaphragm 
for the deseending aorta. Beeanse the aorta does not pieree the 
diaphragm, movements of the diaphragm do not affeet blood 
flow throngh the aorta dnring respiration. The aorta passes 
between the ernra of the diaphragm posterior to the median 
arenate ligament, whieh is at the level of the inferior border of 
the T12 vertebra. The aortie hiatns also transmits the thoraeie 
dnet and sometimes the azygos and hemi-azygos veins. 


SMALL OPENINGS IN DIAPHRAGM 

In addition to the three main apertnres, there is a small open- 
ing, the stemoeostal triangle (foramen), between the ster- 
nal and eostal attaehments of the diaphragm. This triangle 
transmits lymphatie vessels from the diaphragmatie snrfaee of 
the liver and the snperior epigastrie vessels. The sympathetie 
trnnks pass deep to the medial arenate ligament, aeeompa- 
nied by the least splanehnie nerves. There are two small aper- 
tnres in eaeh erns of the diaphragm; one transmits the greater 
splanehnie nerve and the other the lesser splanehnie nerve. 


Aetìons of Diaphragm 

When the diaphragm eontraets, its domes are pnlled inferiorly 
so that the eonvexity of the diaphragm is somewhat flattened. 
Althongh this movement is often deseribed as the “deseent of 
the diaphragm,” only the domes of the diaphragm deseend. 
The diaphragm’s periphery remains attaehed to the ribs and 
eartilages of the inferior six ribs. As the diaphragm deseends, 
it pnshes the abdominal viseera inferiorly. This inereases the 
volnme of the thoraeie eavity and deereases the intrathoraeie 
pressnre, resnlting in air being taken into the Inngs. In addi- 
tion, the volnme of the abdominal eavity deereases slightly 
and intra-abdominal pressnre inereases somewhat. 

Movements of the diaphragm are also important in eirenlation 
beeanse the inereased intra-abdominal pressnre and deereased 
intrathoraeie pressnre help retnm venons blood to the heart. 
When the diaphragm eontraets, eompressing the abdominal vis- 
eera, blood in the IVC is foreed snperiorly into the heart. 

The diaphragm is at its most snperior level when a person 
is snpine (with the npper body lowered, the Trendelenhnrg 
position). In this position, the abdominal viseera pnsh the 
diaphragm snperiorly in the thoraeie eavity. When a person 
lies on one side, the hemidiaphragm rises to a more snperior 
level beeanse of the greater pnsh of the viseera on that side. 
Conversely, the diaphragm assnmes an inferior level when 
a person is sitting or standing. For this reason, people with 
dyspnea (diffienlt breathing) prefer to sit up, not lie down; 
non-tidal (reserve) Inng volnme is inereased, and the dia- 
phragm is working with gravity rather than opposing it. 


POSTERIOR ABDOMINAL WALL 

The posterior abdominal wall (Figs. 2.95-2.97) is mainly 
eomposed of the: 

• Five Inmbar vertebrae and assoeiated IV dises (eentrally). 

• Posterior abdominal wall mnseles, inelnding the psoas, 
quadratus Inmbornm, iliaens, transversns abdominis, and 
oblique mnseles (laterally). 

• Diaphragm, whieh eontribntes to the snperior part of the 
posterior wall. 

• Faseia, inelnding the thoraeolnmbar faseia. 

• Lnmbar plexus, eomposed of the anterior rami of Inmbar 
spinal nerves. 

• Fat, nerves, vessels (e.g., aorta and IVC), and lymph nodes. 

If observing the anatomy of the posterior abdominal wall in only 
two-dimensional diagrams, sneh as Fignre 2.97, it would be easy 
to snppose that it is flat. In observing a disseeted eadaver or a 
transverse eross seetion sneh as that in Fignres 2.95A & B, it is 
apparent that the Inmbar vertebral eolnmn is a marked eentral 
prominenee in the posterior wall, ereating two paravertebral 
“gntters” on eaeh side. The deepest (most posterior) part of 
these gntters is oeenpied by the kidneys and their snrronnd- 
ing fat. The abdominal aorta lies on the anterior aspeet of the 
anteriorly protrnding vertebral eolnmn. It is nsnally snrprising 
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FIGIJRE 2.95. Faseia and aponeuroses of abdominal wall at level of renal hila. A. The relationships ofthe muscles, aponeurotic muscle sheaths, and fas- 
eia of the abdominal wall are demonstrated in transverse seetion. The three fìat abdominal muscles forming the lateral walls span between complex anterior 
and posterior aponeurotic formations that ensheath vertieally disposed muscles. The thin anterolateral walls (appearing disproportionately thiek here) are 
distensible. Although fìexible, the posterior abdominal wall is weight bearing and so is reinforeed by the vertebral column and muscles that aet on it; thus it 
is not distensible. IVQ inferior vena eava. B. Details ofthe disposition ofthe aponeurotic and faseial layers ofthe posterior abdominal wall. For details eon- 
eerning those ofthe anterior abdominal wall, see Figure 2.5B. C. Dimensional view ofthe region demonstrated in seetion in B. 


to fìnd how elose the lower abdominal aorta lies to the ante- 
rior abdominal wall in lean individnals (see Fig. B2.37C). Of 
eonrse, many stmetnres lie anterior to the aorta (SMA, parts of 
the dnodennm, panereas and left renal vein, ete.) and so these 
“posterior abdominal strnetnres” may approaeh the anterior 
abdominal wall eloser than might be expeeted in thin persons, 
espeeially when they are in the snpine position. 


Faseia of Posterior Abdominal Wall 

The posterior abdominal wall is eovered with a eontinnons 
layer of endoahdomìnal faseìa that lies between the pari- 
etal peritonenm and the mnseles (Fig. 2.95B). The faseia 
lining the posterior abdominal wall is eontinnons with the 
transversalis faseia that lines the transversns abdominis 
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muscle. It is customary to name the faseia aeeording to 
the structure it eovers. 

The psoasfaseia eovering the psoas major mnsele {psoas 
sheath) is attaehed medially to the Inmbar vertebrae and pel- 
vie brim. The psoas faseia (sheath) is thiekened snperiorly 
to form the medìal arenate lìgament (Fig. 2.91). The psoas 
faseia fnses laterally with the quadratus lumhorum and tho- 
raeolumhar faseias (Fig. 2.95B). Inferior to the iliae erest, 
the psoas faseia is continuous with the part of the iliae faseia 
eovering the iliaens. 

The thoracolumbar faseia is an extensive faseial complex 
attaehed to the vertebral eolnmn medially that, in the Inmbar 
region, has posterior, middle, and anterior layers with mnseles 
enelosed between them (Fig. 2.95B & C). It is thin and trans- 
parent where it eovers the thoraeie parts of the deep mnseles, 
but it is thiek and strong in the Inmbar region. The enelosnre of 
the vertieal deep baek mnseles (ereetor spinae) by the poste- 
rior and middle layers of the thoraeolnmbar faseia on the 
posterior aspeet of the tmnk is eomparable to the enelosnre of 
the reetns abdominis by the reetns sheath on the anterior aspeet 
(Fig. 2.95A). This posterior sheath is even more formidable than 
the reetns sheath, however, beeanse of the thiekness of its poste- 
rior layer and the eentral attaehment to the Inmbar vertebrae, as 
opposed to the reetns sheaths, whieh laek bony snpport where 
they fuse to eaeh other at the linea alba. The Inmbar part of 
this posterior sheath, extending between the 12th rib and the 
iliae erest, attaehes laterally to the internal oblique and trans- 
versns abdominis mnseles, as does the reetns sheath. However, 
in eontrast to the reetns sheath, the thoraeolnmbar faseia is not 
attaehed to the extemal oblique; it is attaehed to the latissimus 

dorsi (Fig. 2.95B & C). 

The anterior layer of the thoraeolnmbar faseia (qua- 
dratus lumborum faseia), eovering the anterior snrfaee of 
the quadratus lumborum—a thinner, more transparent layer 
than the other two layers—attaehes to the anterior snrfaees 


of the transverse proeesses of the Inmbar vertebrae, the iliae 
erest, and the 12th rib (Figs. 2.95B and 2.97). The anterior 
layer is continuous laterally with the aponeurotic origin of the 
transversns abdominis mnsele. It thiekens snperiorly to form 
the lateral areuate ligament and is adherent inferiorly to the 
iliolnmbar ligaments (Fig. 2.97). 

Muscles of Posterior Abdominal Wall 

The main paired mnseles in the posterior abdominal wall 

(Fig. 2.96; Table 2.14) are the: 

• Psoas major: passing inferolaterally. 

• Iliaens: lying along the lateral sides of the inferior part of 
the psoas major. 

• Quadratus lumhorum: lying adjaeent to the transverse 
proeesses of the Inmbar vertebrae and lateral to snperior 
parts of the psoas major. 

The attaehments, nerve snpply, and main aetions of these 
mnseles are snmmarized in Table 2.14. 

PSOAS MAJOR 

The long, thiek, fnsiform psoas major lies lateral to the 
Inmbar vertebrae (Figs. 2.96A and 2.97). Psoas is a Greek 
word meaning “mnsele of the loin.” (Bntehers refer to the 
psoas of animals as the tenderloin. ) The psoas major passes 
inferolaterally, deep to the ingninal ligament to reaeh the 
lesser troehanter of the femur. The lumbar plexus of nerves 
is embedded in the posterior part of the psoas major, anterior 
to the Inmbar transverse proeesses. 

ILIACUS 

The iliacus is a large triangnlar mnsele that lies along the 
lateral side of the inferior part of the psoas major. Most of 
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FIGIJRE 2.96. Muscles of posterior abdominal wall. 
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TABLE 2.14. MUSCLES OF POSTERIOR ABDOMINAL WALL 


Muscle 

Superior Attaehment 

Inferior Attaehment 

Innervation 

Main Aetion 

Psoas 

major* 

Transverse proeesses of 
lumbar vertebrae; sides 
of bodies of T12-L5 ver- 
tebrae and intervening 
intervertebral dises 

By a strong tendon to 
lesser troehanter of femur 

Antehor rami of lumbar 
nerves Ll, L2, L3 

Aeting infehorly with iliacus, itflexes 
thigh; aeting supehohy itflexes ver- 
tebral column laterally; it is used to 
balanee the trunk; when sitting itaets 
infehohy with iliacus to flex trunk 

Iliacus* 

Superior two thirds of 
iliae fossa, ala of sacrum, 
and antehor saero-iliae 
ligaments 

Lesser troehanter of femur 
and shaft infehor 
to it, and to psoas major 
tendon 

Femoral nerve (L2-L4) 

Flexes thigh and stabilizes hip joint; 
aets with psoas major 

Quadratus 

lumborum 

Medial half of inferior 
borderof 12th hbs and 
tips of lumbartransverse 
proeesses 

Iliolumbar ligamentand 
internal lip of iliae erest 

Antehor branehes of 

T12 and L1-L4 nerves 

Extends and laterally flexes vertebral 
column; fixes 12th rib duhng 
inspiration 


*Psoas minorand iliaeos moseles merge inferiorly; eolleetively form iliopsoas muscle. 


its fìbers join the tendon of the psoas major. Together the 
psoas and iliaens form the iliopsoas, the ehief fìexor of the 
thigh. It is also a stabilizer of the hip joint and helps maintain 
the ereet postnre at this joint. The psoas and iliaens share in 
hip fìexion; however, only the psoas ean prodnee movement 
(fìexion or lateral bending) of the Inmbar vertebral eolnmn. 

QUADRATUS LUMBORUM 

The quadrilateral quadratus lumborum forms a thiek mns- 
enlar sheet in the posterior abdominal wall (Figs. 2.94A & 
B, 2.96, and 2.97). It lies adjaeent to the Inmbar transverse 


proeesses and is broader inferiorly. Glose to the 12th rib, the 
lateral arenate lìgament erosses the quadratus Inmbornm. 
The snheostal nerve passes posterior to this ligament and 
rnns inferolaterally on the quadratus Inmbornm. Branehes 
of the Inmhar plexus rnn inferiorly on the anterior snrfaee 
of this mnsele. 

Nerves of Posterior Abdominal Wall 

Gomponents of both the somatie and antonomie (viseeral) 
nervons systems are assoeiated with the posterior abdominal 
wall. 
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FIGURE 2.97. Muscles and nerves of posterior abdominal wall. Most ofthe right psoas major has been removed to shovv that the lumbar plexus of 
nerves is formed by the anterior rami of the first four lumbar spinal nerves and that it lies in the substance of the psoas major. 
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The suhcostal nerves (anterior rami of T12) arise in the 
thorax, pass posterior to the lateral arenate ligaments into the 
abdomen, and rnn inferolaterally on the anterior snrfaee of 
the quadratus Inmbornm (Fig. 2.97). They pass throngh the 
transversns abdominis and internal oblique mnseles to snp- 
ply the external oblique and skin of the anterolateral abdomi- 
nal wall. 

The lumbar spìnal nerves (L1-L5) pass from the spinal 
eord throngh the IV foramina inferior to the eorresponding ver- 
tebrae, where they divide into posterior and anterior rami. Eaeh 
ramns eontains sensory and motor fìbers. The posterior rami 
pass posteriorly to snpply the mnseles of the baek and overlying 
skin, whereas the anterior rami pass laterally and inferiorly, to 
snpply the skin and mnseles of the inferiormost tmnk and lower 
limb. The initial portions of the anterior rami of the Ll, L2, and 
oeeasionally L3 spinal nerves give rise to lohite eommnnieating 
hranehes (L. rami eommnnieantes), which eonvey presynaptie 
sympathetie fìbers to the Inmbar sympathetie tmnks. 

The ahdominal part of the sympathetie trnnks (Inmhar 
sympathetie trnnks), eonsisting of fonr Inmbar paraverte- 
hral sympathetie ganglia and the interganglionie hranehes 
that eonneet them, are eontinnons with the thoraeie part 
of the trnnks deep to the medial arenate ligaments of the 
diaphragm. The Inmbar trnnks deseend on the anterolateral 
aspeets of the bodies of the Inmbar vertebrae in a groove 
formed by the adjaeent psoas major. Inferiorly, they eross the 
saeral promontory and eontinne inferiorly into the pelvis as 
the saeral part of the trnnks. 

For the innervation of the abdominal wall and lower limbs, 
synapses between the presynaptie and postsynaptie fìbers 
oeenr in the sympathetie trnnks. Postsynaptie sympathetie 
fìbers travel from the lateral aspeet of the trnnks via gray 
eommnnieating hranehes to the anterior rami. They beeome 
the thoraeo-abdominal and snbeostal nerves, and the Inmbar 
plexus (somatie nerves) that stimnlate vasomotion, sndomo- 
tion, and pilomotion in the lowermost trnnk and lower limb. 
Lnmhar splanehnie nerves arising from the medial aspeet of 
the Inmbar sympathetie trnnks eonvey presynaptie sympa- 
thetie fìbers for the innervation of pelvie viseera. 

The lumbar plexus of nerves is formed anterior to the 
Inmbar transverse proeesses, within the proximal attaehment of 
the psoas major. This nerve network is eomposed of the ante- 
rior rami of L1 throngh L4 nerves. The following nerves are 
branehes of the Inmbar plexus; the three largest are listed fìrst: 

• The femoral nerve (L2-L4) emerges from the lateral 
border of the psoas major and innervates the iliaens and 
passes deep to the ingninal ligament/iliopnbie traet to the 
anterior thigh, snpplying the fìexors of the hip and exten- 
sors of the knee. 

• The ohtnrator nerve (L2-L4) emerges from the medial 
border of the psoas major and passes into the lesser pel- 
vis, passing inferior to the snperior pnbie ramns (throngh 
the obtnrator foramen) to the medial thigh, snpplying the 
addnetor mnseles. 

• The Inmhosaeral trank (L4, L5) passes over the ala (wing) 
of the saernm and deseends into the pelvis to partieipate 


in the formation of the saeral plexus with the anterior rami 
of S1-S4 nerves. 

• The ilio-inguinal and iliohypogastrie nerves (Ll) arise 
from the anterior ramns of Ll, entering the abdomen pos- 
terior to the medial arenate ligament and passing infero- 
laterally, anterior to the quadratus Inmbornm. They rnn 
snperior and parallel to the iliae erest, piereing the trans- 
versns abdominis near the ASIS. They then pass throngh 
the internal and external obliques to snpply the abdominal 
mnseles and skin of the ingninal and pnbie regions. The 
division of the L1 anterior ramns may oeenr as far distally 
as the ASIS, so that often only one nerve (Ll) erosses the 
posterior abdominal wall instead of two. 

• The genitofemoral nerve (Ll, L2) pierees the psoas major 
and rnns inferiorly on its anterior snrfaee, deep to the 
psoas faseia; it divides lateral to the eommon and external 
iliae arteries into femoral and genital branehes. 

• The lateral cutaneous nerve of the thigh, or lateral femo- 
ral entaneons nerve (L2, L3), rnns inferolaterally on the 
iliaens and enters the thigh deep to the ingninal ligament/ 
iliopnbie traet, jnst medial to the ASIS; it snpplies skin on 
the anterolateral snrfaee of the thigh. 

• An aeeessory obturator nerve (L3, L4) is present 
almost 10% of the time. It parallels the medial border of 
the psoas, anterior to the obtnrator nerve, erossing snpe- 
rior to the snperior pnbie ramns in elose proximity to the 
femoral vein. 

Althongh the larger branehes (femoral, obtnrator, and Inm- 
bosaeral trnnk) are eonsistent in their plaeement, varia- 
tion shonld be antieipated in the disposition of the smaller 
branehes of the Inmbar plexus. 

Vessels of Posterior Abdominal Wall 

The major nenrovasenlar bnndle of the inferior trnnk, inelnd- 
ing the abdominal aorta, the inferior vena eava, and the aortie 
peri-arterial nerve plexus, eonrses in the midline of the pos- 
terior abdominal wall, anterior to the bodies of the Inmbar 

vertebrae (see Figs. 2.70B and 2.89). 

ABDOMINAL AORTA 

Most arteries snpplying the posterior abdominal wall arise 
from the abdominal aorta (Fig. 2.98A; Table 2.15). The suh- 
eostal arteries arise from the thoraeie aorta and distribnte 
inferior to the 12th rib. The abdominal aorta is approxi- 
mately 13 em in length. It begins at the aortie hiatus in the 
diaphragm at the level of the T12 vertebra and ends at the 
level of the L4 vertebra by dividing into the rig/it and left eom- 
mon iliae arteries. The abdominal aorta may be represented 
on the anterior abdominal wall by a band (approximately 2 
em wide) extending from a median point, approximately 2.5 
em snperior to the transpylorie plane to a point slightly (2-3 
em) inferior to and to the left of the nmbiliens at the level of 
the snpraeristal plane (plane of the highest points of the iliae 
erests) (Fig. 2.98B). In ehildren and lean adnlts, the lower 
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FIGITRE 2.98. Arteries of posterior abdominal wall—branehes of the aorta. A. Branehes of abdominal aorta. B. Branehes of upper abdominal aorta. 
e. Vascular planes in which branehes of abdominal aorta are distributed. 


TABLE 2.15. BRANGHES OF ABDOMINAL AORTA 


Vascular Plane 

eiass 

Distribution 

Abdominai Branehes (Arteries) 

Vertebrai Levei 

1. Anterior 
midline 

Llnpaired viseeral 

Digestive traet 

Geliae 

T12 

Superior mesenterie 

L1 

Inferior mesenterie 

L3 

2. Lateral 

Paired viseeral 

Llrogenital and endoerine 
organs 

Suprarenal 

L1 

Renal 

L1 

Gonadal (testicular or ovarian) 

L2 

3. Posterolateral 

Paired parietal (segmental) 

Diaphragm; body wall 

Subcostal 

L2 

Inferior phrenie 

T12 

L umbar 

L1-L4 


abdominal aorta is snffieiently elose to the anterior abdomi- 
nal wall that its pnlsations may be deteeted or apparent when 
the wall is relaxed (see the blne box 'Tnlsations of Aorta and 
Abdominal Aortie Anenrysm” on p. 319). 


The eommon iliae arteries diverge and run inferolater- 
ally, following the medial border of the psoas muscles to the 
pelvie brim. Here eaeh eommon iliae artery divides into the 
internal and external ìlìae artenes. The internal iliae artery 
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enters the pelvis. (Its eonrse and branehes are deseribed in 
ehapter 3.) The external iliae arteiy follows the iliopsoas mns- 
ele. Jnst before leaving the abdomen, the external iliae arteiy 
gives rise to the inferior epigastrie and deep circumflex iliae 
arteries, whieh snpply the anterolateral abdominal wall. 

Relatíons of Abdominal Aorta. From snperior to 
inferior, the important anterior relations of the abdominal 
aorta are the: 

• Celiae plexus and ganglion (see Figs. 2.55B and 2.71). 

• Body of the panereas and splenie vein (see Fig. 2.71). 

• Left renal vein (see Figs. 2.83 and 2.92B). 

• Horizontal part of the duodenum. 

• Goils of small intestine. 

The abdominal aorta deseends anterior to the bodies of the 
T12-L4 vertebrae (Fig. 2.98A). The left Inmbar veins pass 
posterior to the aorta to reaeh the IVC (Fig. 2.99). On the 
right, the aorta is related to the azygos vein, eisterna ehyi, 
thoraeie dnet, right erns of the diaphragm, and right eeliae 
ganglion. On the left, the aorta is related to the left erns of 
the diaphragm and the left eeliae ganglion. 

Branehes of the Abdominal Aorta. The branehes 
of the deseending (thoraeie and abdominal) aorta may be 
deseribed as arising and eonrsing in three “vasenlar planes” 
and ean be elassifìed as being viseeral or parietal and paired 
or nnpaired (Fig. 2.98A & C; Table 2.15). Paired parietal 
hranehes of the aorta serve the diaphragm and posterior 
abdominal wall. 

The median saeral artery, an nnpaired parietal hraneh, 
may be said to oeenpy a fonrth (posterior) plane beeanse it 
arises from the posterior aspeet of the aorta jnst proximal to 
its bifnreation. Althongh markedly smaller, it eonld also be 
eonsidered a midline “eontinnation” of the aorta, in whieh 
ease its lateral branehes, the small Inmbar arteries and lat- 
eral saeral branehes, would also be inelnded as part of the 
paired parietal branehes. 

VEINS OF POSTERIOR ABDOMINAL WALL 

The veins of the posterior abdominal wall are tribntaries of 
the IVe, exeept for the left testienlar or ovarian vein, whieh 
enters the left renal vein instead of entering the IVC (Fig. 
2.99). The IVC, the largest vein in the body, has no valves 
exeept for a variable, non-fnnetional one at its orifìee in the 
right atrinm of the heart. The IVC retnrns poorly oxygenated 
blood from the lower limbs, most of the baek, the abdomi- 
nal walls, and the abdominopelvie viseera. Blood from the 
abdominal viseera passes throngh the portal venous system 
and the liver before entering the IVC via the hepatie veins. 

The inferior vena eava (IVC) begins anterior to the L5 
vertebra by the nnion of the eommon iliae veins. The nnion 
oeenrs approximately 2.5 em to the right of the median plane, 
inferior to the aortie bifnreation and posterior to the proximal 
part of the right eommon iliae artery (see Fig. 2.76). The IVC 
aseends on the right side of the bodies of the L3-L5 verte- 
brae and on the right psoas major to the right of the aorta. 
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FIGURE2.99. Inferior vena eava and its tributaries. The asymmetry in 
the renal and eommon iliae veins refìeets the plaeement of the IVC to the 
right of the midline. 


The IVe leaves the abdomen by passing throngh the eaval 
opening in the diaphragm and enters the thorax at the T8 
vertebral level. Beeanse it is formed one vertebral level infe- 
rior to the aortie bifnreation, and traverses the diaphragm 
fonr vertebral levels snperior to the aortie hiatns, the overall 
length of the IVC is 7 em greater than that of the abdominal 
aorta, althongh most of the additional length is intrahepatie. 
The IVe eolleets poorly oxygenated blood from the lower 
limbs and non-portal blood from the abdomen and pelvis. 
Almost all the blood from the gastrointestinal traet is eol- 
leeted by the hepatie portal system and passes throngh the 
hepatie veins to the IVC. 

The tribntaries of the IVC eorrespond to the paired vis- 
eeral and parietal branehes of the abdominal aorta. The 
veins that eorrespond to the nnpaired viseeral branehes of 
the aorta are instead tribntaries of the hepatie portal vein. 
The blood they earry does nltimately enter the IVC via the 
hepatie veins, after traversing the liver. 

The branehes eorresponding to the paired viseeral 
branehes of the abdominal aorta inelnde the right snprarenal 
vein, the right and left renal veins, and the right gonadal (tes- 
tienlar or ovarian) vein. The left snprarenal and gonadal veins 
drain indireetly into the IVC beeanse they are tribntaries of 
the left renal vein. 

Paired parietal branehes of the IVC inelnde the inferior 
phrenie veins, the 3rd (L3) and 4th (L4) Inmbar veins, and 
the eommon iliae veins. The aseending Inmbar and azygos 
veins eonneet the IVC and SVC, either direetly or indireetly 
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FIGIJRE 2.100. Lymphatie vessels and lymph nodes of posterior abdominal wall and lymphatie trunks of abdomen. A. The parietal lymph nodes are 
shown. B. The abdominal lymphatie trunks are shown. All lymphatie drainage from the lower half of the body eonverges in the abdomen to enter the begin- 
ning of the thoraeie duct. 


providing eollateral pathvvays (see the blne box “Gollateral 
Rontes for Abdominopelvie Venons Blood” on p. 319). 

LYMPHATie VESSELS AND LYMPH NODES 
OF POSTERIOR ABDOMINAL WALL 

Lymphatie vessels and lymph nodes lie along the aorta, 
IVe, and iliae vessels (Fig. 2.100A). The eommon ìlìae 
lymph nodes reeeive lymph from the external and internal 
iliae lymph nodes. Lymph from the eommon iliae lymph 
nodes passes to the right and left Inmhar lymph nodes. 
Lymph from the alimentary traet, liver, spleen, and pan- 
ereas passes along the eeliae and snperior and inferior mes- 
enterie arteries to the pre-aortìe lymph nodes {eeliae and 
snperior and inferior mesenterie nodes) seattered aronnd 
the origins of these arteries from the aorta. Efferent ves- 
sels from these nodes form the intestinal lymphatie 
trnnks, whieh may be single or mnltiple, and partieipate 
in the eonflnenee of lymphatie trnnks that gives rise to the 

thoraeie dnet (Fig. 2.100B). 

The right and left Inmhar {eaval and aortie) lymph nodes 
lie on both sides of the IVC and aorta. These nodes reeeive 
lymph direetly from the posterior abdominal wall, kidneys, 
nreters, testes or ovaries, nterns, and nterine tnbes. They 
also reeeive lymph from the deseending eolon, pelvis, and 
lower limbs throngh the inferior mesenterie and eommon 
iliae lymph nodes. Efferent lymphatie vessels from the 


large Inmbar lymph nodes form the right and left Inmhar 
lymphatie trnnks. 

The inferior end of the thoraeie duet lies anterior to the 
bodies of the L1 and L2 vertebrae between the right erns of 
the diaphragm and the aorta. The thoraeie dnet begins with 
the eonvergenee of the main lymphatie dnets of the abdo- 
men, which in only a small proportion of individnals takes 
the form of the eommonly depieted, thin-walled sae or dila- 
tion, the eisterna ehyli (ehyle eistern) (Fig. 2.100B). Cis- 
terna ehyli vary greatly in size and shape. More often there 
is merely a simple or plexiform eonvergenee at this level of 
the right and left Inmbar lymphatie trnnks, the intestinal 
lymph trunk(s), and a pair of deseending thoraeie lym- 
phatie trnnks, which earry lymph from the lower six inter- 
eostal spaees on eaeh side. Consequently, essentially all the 
lymphatie drainage from the lower half of the body (deep 
lymphatie drainage inferior to the level of the diaphragm 
and all snperfleial drainage inferior to the level of the nmbi- 
liens) eonverges in the abdomen to enter the beginning of 
the thoraeie dnet. 

The thoraeie dnet aseends throngh the aortie hiatns in 
the diaphragm into the posterior mediastinnm, where it 
eolleets more parietal and viseeral drainage, partienlarly 
from the left npper quadrant of the body. The dnet nlti- 
mately ends by entering the venons system at the jnnetion 
of the left snhelavian and internal jugular veins (the left 
venous angle). 
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DIAPHRAGM 



Hiccups 

Hiccups (hiccoughs) are involuntaiy, spasmodie eon- 
traetions of the diaphragm, eansing sndden inhala- 
tions that are rapidly interrnpted by spasmodie 
elosnre of the glottis (apertnre of the larynx) that eheeks the 
inflow of air and prodnees the eharaeteristie sound. Hieenps 
resnlt from irritation of afferent or efferent nerve endings, or of 
mednllary eenters in the brainstem that eontrol the mnseles of 
respiration, partienlarly the diaphragm. Hieenps have many 
eanses, sneh as indigestion, diaphragm irritation, aleoholism, 
eerebral lesions, and thoraeie and abdominal lesions, all which 
distnrb the phrenie nerves. 


Seetion of a Phrenie Nerve 

Seetion of a phrenie nerve in the neek resnlts in eom- 
plete paralysis and eventnal atrophy of the mnsenlar 
part of the eorresponding half of the diaphragm, 
except in persons who have an aeeessory phrenie nerve (see 
ehapter 8). Paralysis of a hemidiaphragm ean be reeognized 
radiographieally by its permanent elevation and paradoxical 
movement. See the blne box 'Taralysis of Diaphragm,” p. 85. 



Referred Pain from Diaphragm 

Pain from the diaphragm radiates to two different 
areas beeanse of the differenee in the sensory nerve 
snpply of the diaphragm (Table 2.12). Pain resnlting 
from irritation of the diaphragmatie plenra or the diaphrag- 



matie peritonenm is referred to the shonlder region, the area of 
skin snpplied by the C3-C5 segments of the spinal eord (see 
the blne box “Viseeral Referred Pain,” p. 257). These segments 
also eontribnte anterior rami to the phrenie nerves. Irritation of 
peripheral regions of the diaphragm, innervated by the inferior 
intereostal nerves, is more loealized, being referred to the skin 
over the eostal margins of the anterolateral abdominal wall. 


Rupture of Dìaphragm 
and Hernìation of Vìseera 



Rupture of the diaphragm and herniation of viseera 
ean resnlt from a sndden large inerease in either the 
intrathoraeie or intra-abdominal pressnre. The eom- 
mon cause of this injury is severe trauma to the thorax or abdo- 
men dnring a motor vehiele aeeident. Most diaphragmatie 
ruptures are on the left side (95%) beeanse the snbstantial mass 
of the liver, intimately assoeiated with the diaphragm on the 
right side, provides a physieal barrier. 

A non-muscular area of variable size ealled the Inmho- 
eostal triangle usually oecurs between the eostal and Inmbar 
parts of the diaphragm (see Figs. 2.91 and 2.97). This part of 
the diaphragm is normally formed only by fnsion of the supe- 
rior and inferior faseias of the diaphragm. When a tranmatie 
diaphragmatie hernia oeenrs, the stomaeh, small intestine 
and mesentery, transverse eolon, and spleen may herniate 
throngh this area into the thorax. 

Hiatal (hiatns) hernia, a protrnsion of part of the stomaeh 
into the thorax throngh the esophageal hiatns, was disenssed 
earlier in this ehapter. The struetures that pass through the 
esophageal hiatus (vagal trunks, left inferior phrenie ves- 
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FIGIJRE B2.34. Gongenìtal dìaphragmatìe hernia (CDH). A. As seen on autopsy. B. As seen radiographieally in a nevvborn. 
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sels, esophageal branehes of the left gastrie vessels) may be 
injnred in snrgieal proeednres on the esophageal hiatns (e.g., 
repair of a hiatns hernia). 


eongenital Diaphragmatie Hernia 

In eongenital diaphragmatie hernia (CDH 



part of the stomaeh and intestine herniate throngh a 
large posterolateral defeet (foramen of Boehdalek) in 
the region of the Inmboeostal trigone of the diaphragm (Fig. 
B2.34). Herniation almost always oeenrs on the left owing to 
the presenee of the liver on the right. This type of hemia resnlts 
from the eomplex development of the diaphragm. Posterolateral 
defeet of the diaphragm is the only relatively eommon eon- 
genital anomaly of the diaphragm, oeenrring approximately 
onee in 2200 newborn infants (Moore, Persand, and Torehia, 
2012). With abdominal viseera in the limited spaee of the pre- 
natal pnlmonary eavity, one Inng (nsnally the left Inng) does not 
have room to develop normally or to inflate after birth. Beeanse 
of the eonsequent pnlmonary hypoplasia, the mortality rate in 
these infants is high (approximately 76%). 


POSTERIOR ABDOMINAL WALL 




Althongh the prevalenee of tuherculosis (TB) has 
been greatly redneed, there is enrrently a resnrgenee 
of TB, espeeially in Afriea and Asia, sometimes in 
pandemie proportions, owing to AIDS and drng resistanee. TB 
of the vertebral eolnmn is qmte eommon. An infeetion may 
spread throngh the blood to the vertebrae (hematogenous 
spread), partienlarly dnring ehildhood. An abseess resnlting 
from tnberenlosis in the Inmbar region tends to spread from 
the vertebrae into the psoas faseia (sheath), where it prodnees 
sipsoas ahseess (Fig. B2.35). As a eonsequence, the psoas faseia 
thiekens to form a strong stoeking-like tnbe. Pns from the psoas 
abseess passes inferiorly along the psoas mnsele within this fas- 
eial tnbe over the pelvie brim and deep to the ingninal liga- 
ment. The pns nsnally snrfaees in the snperior part of the thigh. 



Pns ean also reaeh the psoas faseia by passing from the posterior 
mediastinnm when the thoraeie vertebrae are diseased. 

The inferior part of the iliaefaseia is often tense and raises 
a fold that passes to the internal aspeet of the iliae erest. The 
snperior part of this faseia is loose and may form a poeket, the 
iliacosuhfascialfossa, posterior to the above-mentioned fold. 
Part of the large intestine, sneh as the eeenm and/or appendix 
on the right side and the sigmoid eolon on the left side, may 
beeome trapped in this fossa, eansing eonsiderable pain. 

Posterior Abdominal Pain 

The iliopsoas mnsele has extensive, elinieally impor- 
\Wm tant relations to the kidneys, nreters, eeenm, appen- 

dix, sigmoid eolon, panereas, Inmbar lymph nodes, 
and nerves of the posterior abdominal wall. When any of these 
stmetnres is diseased, movement of the iliopsoas nsnally eanses 
pain. When intra-abdominal inflammation is snspeeted, the 
iliopsoas test is performed. The person is asked to lie on the 
nnaffeeted side and extend the thigh on the affeeted side 
against the resistanee of the examiner s hand (Biekley, 2009). 
The elieitation of pain with this manenver is a positive psoas 
sign. An aentely inflamed appendix, for example, will prodnee 
a positive right psoas sign (Fig. B2.36). 

Beeanse the psoas lies along the vertebral eolnmn and the 
iliaens erosses the saero-iliae joint, disease of the intervertebral 
and saero-iliae joints may eanse spasm of the iliopsoas, a pro- 
teetive reflex. Adenoeareinoma of the panereas in advaneed 
stages invades the mnseles and nerves of the posterior abdom- 
inal wall, prodneing excruciating pain beeanse of the elose 
relationship of the panereas to the posterior abdominal wall. 
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FIGIJRE B2.35. Psoas abseess (arrow). 


FIGIJRE B2.36. Anatomìeal basìs of psoas sìgn. 
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Partial Lumbar Sympatheetomy 

The treatment of some patients with arterial disease 
in the lower limbs may inelnde a partial Inmhar sym- 
patheetomy, the snrgieal removal of two or more 
Inmbar sympathetie ganglia by division of their rami eommn- 
nieantes. Snrgieal aeeess to the sympathetie trnnks is eom- 
monly throngh a lateral extraperitoneal approaeh beeanse the 
sympathetie trnnks lie retroperitoneally in the extraperitoneal 
fatty tissne (Fig. 2.97). The snrgeon splits the mnseles of the 
anterior abdominal wall and moves the peritonenm medially 
and anteriorly to expose the medial edge of the psoas major, 
along which the sympathetie trnnk lies. The left trnnk is often 
overlapped slightly by the aorta. The right sympathetie trnnk 
is eovered by the IVC. The intimate relationship of the sympa- 
thetie trnnks to the aorta and IVC also makes these large ves- 
sels vnlnerable to injnry dnring Inmbar sympatheetomy. 
Consequently, the surgeon earefnlly retraets them to expose 
the sympathetie trunks that usually lie in the groove between 
the psoas major laterally and the lumbar vertebral bodies 


medially. These tmnks are often obsenred by fat and lymphatie 
tissue. Knowing that identifìeation of the sympathetie tmnks is 
not easy, great eare is taken not to remove inadvertently part 
of the genitofemoral nerve, lumbar lymphaties, or ureter. 


Pulsations of Aorta and 
Abdominal Aortie Anenrysm 

Because the aorta lies posterior to the panereas and 
stomaeh, a tumor of these organs may transmit pul- 
sations of the aorta that could be mistaken for an 
ahdominal aortie anenrysm, a loealized enlargement of the 
aorta (Fig. B2.37A & B). Deep palpation of the midabdomen 
ean deteet an anenrysm, which usually results from a eon- 
genital or acquired weakness of the arterial wall (Fig. B2.37C 
& D). Pnlsations of a large anenrysm ean be deteeted to the 
left of the midline; the pnlsatile mass ean be moved easily 
from side to side. Medieal imaging ean eonfìrm the diagnosis 
in doubtful eases. 
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Acute rupture of an ahdominal aortie anenrysm is asso- 
eiated with severe pain in the abdomen or baek. If nnree- 
ognized, sneh an anenrysm has a mortality rate of nearly 
90% beeanse of heavy blood loss (Swartz, 2009). Snrgeons 
ean repair an anenrysm by opening it, inserting a prosthetie 
graft, and sewing the wall of the anenrysmal aorta over the 
graft to proteet it. Many vasenlar problems formerly treated 
with open repair, inelnding anenrysm repair, are now being 
treated by means of endovasenlar eatheterization proee- 
dnres. 

When the anterior abdominal wall is relaxed, partienlarly 
in ehildren and thin adnlts, the inferior part of the abdominal 
aorta may be eompressed against the body of the L4 vertebra 
by firm pressnre on the anterior abdominal wall, over the 
nmbiliens (Fig. B2.37C & D). This pressnre may be applied 
to eontrol bleeding in the pelvis or lower limbs. 


Gollateral Routes for 
Abdomìnopelvie Venous Blood 



Three eollateral rontes, formed by valveless veins of 
the trnnk, are available for venons blood to retnrn 
to the heart when the IVC is obstrneted or ligated. 
Two of these rontes (one involving the snperior and inferior 
epigastrie veins, and another involving the thoraeo-epigastrie 
vein) were disenssed earlier in this ehapter with the anterior 
abdominal wall. The third eollateral ronte involves the epi- 
dural venous plexus inside the vertebral eolnmn (illnstrated 
and disenssed in Chapter 4—Baek), which eommnnieates 
with the lumhar veins of the inferior eaval system, and the 
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FIGURE B2.38. 


tribntaries of the azygos system of veins, which is part of the 
snperior eaval system. 

The inferior part of the IVC has a eomplieated devel- 
opmental history beeanse it forms from parts of three sets 
of embryonie veins (Moore, Persand, and Torehia, 2012). 
Therefore, IVC anomalies are relatively eommon, and most 
of them, sneh as a persistent left IVC, oeenr inferior to the 
renal veins (Fig. B2.38). These anomalies resnlt from the 
persistenee of embryonie veins on the left side, which nor- 
mally disappear. If a left IVC is present, it may eross to the 
right side at the level of the kidneys. 


The Bottom Lìne 


DIAPHRAGM AND POSTERIOR ABDOMINAL WALL 

The diaphragm is the double-domed, musculotendinous 
partition separating the thoraeie and abdominal eavities and is 
the ehief muscle of inspiration. ♦ The muscular portion arises 
from the ring-like inferior thoraeie aperture from which the 
diaphragm rises steeply, invaginating the thoraeie eage and 
forming a eommon eentral tendon. ♦ The right dome (higher 
because ofthe underlying liver) rises nearly to the level ofthe 
nipple, whereas the left dome is slightly lower. ♦ The eentral 
portion ofthe diaphragm is slightly depressed by the heart within 
the pericardium and is fused to the mediastinal surface of the 
eentral tendon. In the neutral respiratory position, the eentral 
tendon lies at the level oftheT8-T9 IV dise and the xiphisternal 
joint. ♦ When stimulated by the phrenie nerves, the domes 
are pulled downward (deseend), eompressing the abdominal 
viseera. When stimulation eeases and the diaphragm relaxes, 
the diaphragm is pushed upward (aseends) by the eombined 
deeompression of the viseera and tonus of the muscles of the 


anterolateral abdominal wall. ♦ The diaphragm is perforated by 
the IVe and phrenie nerves at the T8 vertebral level. ♦ The fibers 
of the right crus of the diaphragm form a sphineterie hiatus for 
the esophagus at the T10 vertebral level. ♦ The deseending aorta 
and thoraeie duct pass posterior to the diaphragm at the T12 
vertebral level, in the midline between the crura, overlapped by 
the median arcuate ligament eonneeting them. ♦ Superior and 
inferior phrenie arteries and veins supply most of the diaphragm, 
with additional drainage occurring via the musculophrenic and 
azygos/hemi-azygos veins. ♦ In addition to exclusive motor 
innervation, the phrenie nerves supply most of the pleura and 
peritoneum eovering the diaphragm. ♦ Peripheral parts ofthe 
diaphragm reeeive sensory innervation from the lower intereostal 
and subcostal nerves. ♦ The left lumbocostal triangle and the 
esophageal hiatus are potential sites of acquired hernias through 
the diaphragm. Developmental defeets in the left lumbocostal 
region account for most eongenital diaphragmatie hernias. 
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Faseìa and mnseles: Large, complex aponeurotic forma- 
tions eover the eentral parts of the trunk both anteriorly 
and posteriorly, forming dense sheaths eentrally that house 
vertieal muscles and attaeh laterally to the flat muscles of 
the anterolateral abdominal wall. ♦ The thoracolumbar 
faseia is the posterior aponeurotic formation. In addition 
to ensheathing the ereetor spinae between its posterior and 
middle layers, it eneloses the quadratus lumborum between 
its middle and anterior layers. ♦ The anterior layer, part of 
the endoabdominal faseia, is continuous medially with the 
psoas faseia (enelosing the psoas) and laterally with the 
transversalis faseia (lining the transversus abdominis). 

♦ The tube-like psoas faseia provides a potential pathway 
for the spread of infeetions between the vertebral column 
and hip joint. ♦ The endoabdominal faseia eovering the 
anterior aspeets of both the quadratus lumborum and psoas 
is thiekened over the superiormost aspeets of the muscles, 
formingthe lateral and medial arcuate ligaments, respee- 
tively. ♦ A highly variable layer of extraperitoneal fat inter- 
venes between the endoabdominal faseia and peritoneum. It 
is espeeially thiek in the paravertebral gutters of the lumbar 
region, eomprising the paranephrie fat (pararenal fat body). 

♦ The muscles of the posterior abdominal wall are the qua- 
dratus lumborum, psoas major, and iliacus. 

Nerves: The lumbar sympathetie trunks deliver post- 
synaptie sympathetie fibers to the lumbar plexus for 
distribution with somatie nerves, and presynaptie parasym- 
pathetie fibers to the abdominal aortie plexus, the latter 
ultimately innervating pelvie viseera. ♦ With the exception 
ofthe subcostal nerve (T12) and lumbosacral trunk (L4- 
L5), the somatie nerves of the posterior abdominal wall are 
products of the lumbar plexus, formed by the anterior rami 
of L1 -L4 deep to the psoas. ♦ Only the subcostal nerve and 
derivatives of the anterior ramus of L1 (iliohypogastrie and 
ilio-inguinal nerves) have an abdominal distribution—to the 
muscles and skin of the inguinal and pubic regions. All other 
nerves pass to the muscles and skin of the lower limb. 

Arterìes: Except for the subcostal arteries, the arter- 
ies supplying the posterior abdominal wall arise from the 


abdominal aorta. ♦ The abdominal aorta deseends from the 
aortie hiatus, coursing on the anterior aspeets of the T12-L4 
vertebra, immediately left of the midline, and bifurcates into 
the eommon iliae arteries at the level ofthe supracristal plane. 

♦ Branehes of the aorta arise and course in three vascular 
planes: anterior (unpaired viseeral branehes), lateral (paired 
viseeral branehes), and posterolateral (paired parietal). ♦ The 
median saeral artery may be eonsidered a diminutive continu- 
ation of the aorta, which continues to give rise to paired pari- 
etal branehes to the lower lumbar vertebrae and sacrum. 

Veìns: The veins of the posterior abdominal wall are 
mostly direet tributaries of the IVC, although some enter 
indireetly via the left renal vein. ♦ The IVC: • is the largest 
vein and laeks valves; • formed at the L5 vertebral level by 
the union of the eommon iliae veins; • aseends to the T8 
vertebral level, passing through the eaval opening of the 
diaphragm and entering the heart almost simultaneously; 

• drains poorly oxygenated blood from the body inferior 
to the diaphragm; and • reeeives the venous drainage of 
the abdominal viseera indireetly via the hepatie portal vein, 
liver, and hepatie veins. ♦ Exceptforthe hepatie veins, the 
tributaries of the IVC mostly eorrespond to the lateral paired 
viseeral and posterolateral paired parietal branehes of the 
abdominal aorta. ♦ Three eollateral routes (two involving 
the anterior abdominal wall, and one involving the vertebral 
eanal) are available to return blood to the heart when the 
IVe is obstructed. 

Lymph vessels and lymph nodes: Lymphatie drain- 
age from the abdominal viseera courses retrograde along the 
ramifieations of the three unpaired viseeral branehes of the 
abdominal aorta. ♦ Lymphatie drainage from the abdominal 
wall merges with that from the lower limbs, both pathways 
following the arterial supply retrograde from those parts. ♦ 
Llltimately, all lymphatie drainage from structures inferiorto 
the diaphragm, plus that draining from the lower six intereos- 
tal spaees via the deseending thoraeie lymphatie trunks, enters 
the beginning of the thoraeie duct at the T12 level, posterior 
to the aorta. ♦ The origin of the thoraeie duct may take the 
form of a saccular eisterna ehyi (ehyle eistern). 


SEGTIONAL MEDIGALIMAGING 
OF ABDOMEN 

Ultrasound, CT seans, and MRIs are nsed to exam- 
ine the abdominal viseera (Figs. 2.101-2.104). Beeanse 
MRIs provide better differentiation betvveen soft tissnes, 


its images are more revealing. An image in virtnally any 
plane ean be reeonstrneted after seanning is eompleted. 
Abdominal angiographie stndies may also now be per- 
formed nsing MRA (magnetie resonanee angiography) 

(Fig. 2.104C). 


^k- Board-revìew questìons, ease studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 
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FIGURE 2.101. Ultrasound seans of abdomen. A. A transverse sean through the eeliae trunk is shown. B. A transverse sean through the panereas is 
shown. e. A sagittal sean through the aorta is shown. (Courtesy of Dr. A. M. Arenson, Assistant Professor of Medieal Imaging, University ofToronto, 
Toronto, ON, Ganada.) 
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FIGIJRE 2.102. Computed tomographie (CT) seans of abdomen at progressively lower levels showing viseera and blood vessels. (Courtesy of Dr. Tom 
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FIGIJRE 2.104. Magnetie resonanee images (MRIs) and magnetie resonanee (MR) angiogram of abdomen. A. Goronal MRI through viseera (almost all 
intestine) of anterior abdominal eavity. B. Sagittal MRI in right midclavicular line. C. Anteroposterior MR angiogram demonstrating great vessels ofthorax 
and aorta and portal vein in abdomen. 
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INTRODUCTION TO PELVIS 
AND PERINEUM 

In eommon nsage, the pelvis (L. basin) is the part of the trnnk 
that is inferoposterior to the abdomen, and is the area of 
transition betvveen the trnnk and the lower limbs. The pelvie 
eavity is the inferiormost part of the abdominopelvie eavity. 
Anatomieally, the pelvis is the part of the body snrronnded 
by the pelvie girdle (bony pelvis), part of the appendienlar 
skeleton of the lower limb (Fig. 3.1). 

The pelvis is snbdivided into greater and lesser pelves. 
The greater pelvis is snrronnded by the snperior pelvie 
girdle. The greater pelvis is oeenpied by inferior abdomi- 
nal viseera, affording them proteetion similar to the way 
the snperior abdominal viseera are proteeted by the inferior 
thoraeie eage. The lesser pelvis is snrronnded by the infe- 
rior pelvie girdle, which provides the skeletal framework for 
both the pelvie eavity and the perinenm—eompartments of 
the trnnk separated by the mnsenlofaseial pelvie diaphragm. 
Externally, the pelvis is eovered or overlapped by the inferior 
anterolateral abdominal wall anteriorly, the glnteal region of 
the lower limb posterolaterally, and the perinenm inferiorly. 

The term perinenm} refers both to the area of the snrfaee of 
the tmnk between the thighs and the bnttoeks, extending from 

The term perinenm has been nsed in different ways, in different langnages, and 
in different eirenmstanees. In its most restrieted sense, and in obstetries, it has 
been nsed to refer to the area snperfìeial to the perineal body, between the vnlva 
or serotnm and the anns or to the perineal body itself In an intermediate sense, 
it has inelnded only the perineal region, a snperfìeial (snrfaee) area bonnded by 
the thighs laterally, the mons pnbis anteriorly, and the eoeeyx posteriorly. In its 
widest sense, as nsed in Terminologia Anatomiea (the intemational anatomieal 
terminology) and in this book, it refers to the region of the body that inelndes all 
stmetnres of the anal and nrogenital triangles, snperfìeial and deep, extending 
as far snperiorly as the inferior faseia of the pelvie diaphragm. 


the coccyx to the pubis, and to the shallow eompartment lying 
deep (snperior) to this area bnt inferior to the pelvie diaphragm. 
The perinenm includes the anus and external genitalia: the 
penis and serotnm of the male and the vulva of the female. 

PELVie GIRDLE 

The pelvie girdle is a basin-shaped ring of bones that eon- 
neets the vertebral eolnmn to the two femnrs. The primary 
fanetions of the pelvie girdle are to: 

• B ear the weight of the upper body when sitting and standing. 

• Transfer that weight from the axial to the lower appen- 
dienlar skeleton for standing and walking. 

• Provide attaehment for the powerful muscles of loeomo- 
tion and postnre and those of the abdominal wall, with- 
standing the forees generated by their aetions. 

Consequently, the pelvie girdle is strong and rigid, espeeially 
eompared to the peetoral (shonlder) girdle. Other fnnetions 
of the pelvie girdle are to: 

• Gontain and proteet the pelvie viseera (inferior parts of 
the nrinary traets and the internal reprodnetive organs) 
and the inferior abdominal viseera (intestines), while 
permitting passage of their terminal parts (and, in females, 
a fnll-term fetus) via the perineum. 

• Provide support for the abdominopelvie viseera and gravid 
(pregnant) uterus. 

• Provide attaehment for the ereetile bodies of the external 
genitalia. 

• Provide attaehment for the mnseles and membranes that 
assist the ftmetions listed above by forming the pelvie floor 
and fllling gaps that exist in or aronnd it. 
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FIGITRE 3.1. Pelvis and perineum. A and B. The pelvis (green) is the spaee vvithin the pelvie girdle, overlapped externally by the abdominal and 
gluteal regions, perineum, and lovver baek. Thus the pelvis has no external surface area. The greater pelvis (lightgreen) is pelvie by virtue of its bony 
boundaries, but is abdominal in terms of its eontents. The lesser pelvis (darkgreen) provides the bony framework (skeleton) for the pelvie eavity and 
deep perineum. 


Bones and Featnres of Pelvie Girdle 


In the matnre individnal, the pelvie girdle is formed by three 
bones (Fig. 3.2A): 


Right and left hip hones (eoxal or pelvie bones): large, 
irregnlarly shaped bones, eaeh of whieh develops from 
the fnsion of three bones, the ilium, isehinm, and 
puhis. 

Saemm: formed by the fnsion of five, originally separate, 
saeral vertebrae. 


The internal (medial or pelvie) aspeets of the hip bones 
bonnd the pelvis, forming its lateral walls; these aspeets of 
the bones are emphasized here. Their external aspeets, pri- 
marily involved in providing attaehment for the lower limb 
mnseles, are disenssed in Ghapter 5. As they are part of the 
vertebral eolnmn, the saernm and eoceyx are disenssed in 
detail in Ghapter 4. 

In infants and ehildren, the hip bones eonsist of three 
separate bones that are nnited by a triradiate eartilage 
at the acetahulum (Fig. 3.2B), the enp-like depression in 
the lateral snrfaee of the hip bone, which artienlates with 
the head of the femnr. After pnberty, the ilinm, isehinm, 
and pnbis fnse to form the hip bone. The two hip bones 
are joined anteriorly at the puhic symphysis, a seeondary 
eartilaginons joint. The hip bones artienlate posteriorly 
with the saernm at the saero-iliae joints to form the pelvie 

The ilium is the snperior, fan-shaped part of the hip 
bone (Fig. 3.2B &C). The ala {wing)ofthe ilium represents 



the spread of the fan, and the hody of the ilium, the handle 
of the fan. On its external aspeet, the body partieipates 
in formation of the aeetabnlnm. The iliae erest, the rim 
of the fan, has a enrve that follows the eontonr of the ala 
between the anterior and posterior snperior iliae spines. 
The anteromedial eoneave snrfaee of the ala forms the 
iliae fossa. Posteriorly, the saeropelvie snrfaee of the 
ilmm featnres an auricular surface and an iliae tuber- 
osity, for synovial and syndesmotie artienlation with the 
saernm, respeetively. 

The isehinm has a body and ramns (L. braneh). The hody 
of the isehinm helps form the aeetabnlnm and the ramus of 
the ischium forms part of the ohturator foramen. The large 
postero-inferior protnberanee of the isehinm is the isehial 
tnherosity. The small pointed posteromedial projeetion near 
the jnnetion of the ramns and body is the isehial spine. The 
eoneavity between the isehial spine and the isehial tnberosity 
is the lesser seiatie noteh. The larger eoneavity, the greater 
seiatie noteh, is snperior to the isehial spine and is formed in 
part by the ilinm. 

The puhis is an angnlated bone with a superior ramus, 
which helps form the aeetabnlnm, and an inferior ramus, 
which helps form the obtnrator foramen. A thiekening on 
the anterior part of the hody of the puhis is the puhic erest, 
which ends laterally as a prominent swelling, the puhic 
tuhercle. The lateral part of the snperior pnbie ramns 
has an oblique ridge, the peeten puhis (peetineal line 
of pnbis). 

The pelvis is divided into greater (false) and lesser {true) 
pelves by the oblique plane of the pelvie inlet (snperior 
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eolleetively form right hip bone 


Outlines of: 


Pelvie inlet 
" " " Pelvie outlet 


lliae erest 
Ala of sacrum 
Ala of ilium 
Saero-iliae joint 
Pelvie brim 

Anterior superior 
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Anterior inferior 
iliae spine 

Isehial spine 
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Acetabular fossa 

Superior ramus 
of pubis 

Obturator foramen -S 
Pubic tubercle 

Isehial tuberosity 

Inferior ramus 
of pubis 

Pubic symphysis 


(B) Anteroposterior radiograph 


(A) Anterior view 
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(C) Lateral view 
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(D) Medial view 
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FIGIJRE 3.2. Pelvie girdle. A and B. Features of the pelvie girdle demonstrated anatomieally (A) and radiographieally (B). The pelvie girdle is formed by 
the tvvo hip bones (ofthe inferior axial skeleton) anteriorly and laterally and the sacrum (ofthe axial skeleton) posteriorly. C. The hip bone is in the anatomi- 
eal position when the anterior superior iliae spine (ASIS) and the anterior aspeet of the pubis lie in the same vertieal plane. The preadoleseent hip bone is 
eomposed of three bones—ilium, ischium, and pubis—that meet in the cup-shaped acetabulum. Prior to their fusion, the bones are united by a triradiate ear- 
tilage along a Y-shaped line {blue). D. An adult’s right hip bone in the anatomieal position shows the bones when fused. (B courtesy of Dr. E. L. 

Lansdown, Professor of Medieal Imaging, Llniversity ofToronto, Toronto, ON, Ganada.) 
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pelvie aperture) (Figs. 3.1A and 3.2A). The bony edge (rim) 
surrounding and defìning the pelvie inlet is the pelvie brim, 
formed by the: 

• Fromontonj and ala of the saemm (snperior snrfaee of its 
lateral part, adjaeent to the body of the saernm). 

• A right and left linea terminalis (terminal line) together 
form a eontinuous oblique ridge eonsisting of the: 

• Arenate line on the inner snrfaee of the ilium. 

• Peeten pnhis (peetineal line) and pnhie erest, forming 
the snperior border of the snperior ramus and body of 
the pubis. 

The pnbie areh is formed by the isehiopnbie rami (eon- 
joined inferior rami of the pubis and ischium) of the two sides 
(Fig. 3.2A & e). These rami meet at the pnhie symphysis, 
their inferior borders defìning the snbpnbie angle (Fig. 
3.3). The width of the subpubic angle is determined by the 
distanee between the right and the left isehial tnberosities, 
which ean be measnred with the gloved fìngers in the vagina 
dnring a pelvie examination. 

The pelvie ontlet (inferior pelvie apertnre) is bonnded 

by the (Figs. 3.1A and 3.2A): 

• Pnhie areh anteriorly. 

• Isehial tnherosities laterally. 

• Inferior margin of the saerotuherous ligament (run- 
ning between the coccyx and the isehial tnberosity) 
posterolaterally. 

• Tip of the eoeeyx posteriorly. 

The greater pelvis (false pelvis) is the part of the pelvis 

(Fig. 3.1): 

• Snperior to the pelvie inlet. 

• Bonnded by the iliae alae posterolaterally and the antero- 
snperior aspeet of the S1 vertebra posteriorly. 

• Oeenpied by abdominal viseera (e.g., the ileum and sig- 
moid eolon). 

The lesser pelvis (true pelvis) is the part of the pelvis: 

• Between the pelvie inlet and the pelvie outlet. 

• Bonnded by the pelvie snrfaees of the hip bones, saernm, 
and coccyx. 

• That inelndes the true pelvie eavity and the deep parts 
of the perineum (perineal eompartment), speeifìeally the 
isehio-anal fossae (Fig. 3.1B). 

• That is of major obstetrieal and gyneeologieal signifì- 
eanee. 

The eoneave snperior snrfaee of the musculofascial pelvie 
diaphragm forms the fìoor of the true pelvie eavity, which 
is thus deepest eentrally. The convex inferior snrfaee of 
the pelvie diaphragm forms the roof of the perinenm, 
which is therefore shallow eentrally and deep peripherally. 
Its lateral parts (isehio-anal fossae) extending well up into 
the lesser pelvis. The terms pelvis, lesser pelvis, and pel- 
vie eavity are eommonly used ineorreetly, as if they were 
synonymons terms. 


Orientatìon of Pelvie Girdle 

When a person is in the anatomieal position, the right and left 
anterior snperior iliae spines (ASISs) and the anterior aspeet 
of the pubic symphysis lie in the same vertieal plane (Fig. 3.2B 
& e). When a pelvie girdle in this position is viewed anteriorly 
(Fig. 3.2A), the tip of the coccyx appears elose to the eenter of 
the pelvie inlet, and the pubic bones and pubic symphysis eon- 
stitnte more of a weight-bearing fìoor than an anterior wall. In 
the median view (Fig. 3.1A), the saeral promontory is loeated 
direetly snperior to the eenter of the pelvie ontlet (site of the 
perineal body). Consequently, the enrved axis of the pelvis 
interseets the axis of the abdominal eavity at an oblique angle. 

The pelvie girdles of males and females differ in several 
respeets (Fig. 3.3; Table 3.1). These sexual differenees are 
related mainly to the heavier build and larger mnseles of most 
men and to the adaptation of the pelvis (partienlarly the lesser 
pelvis) in women for partnrition (ehildbearing). See the blue 
box “Variations in Male and Female Pelves,” on p. 334. 

Joints and Ligaments of Pelvie Girdle 

The primary joints of the pelvie girdle are the saero-iliae 
joints and the puhie symphysis (Fig. 3.4A). The saero-iliae 
joints link the axial skeleton (skeleton of the trunk, eom- 
posed of the vertebral eolnmn at this level) and the inferior 
appendienlar skeleton (skeleton of the lower limb). The 
inmbosaeral and saeroeoeeygeal joints, althongh joints of the 
axial skeleton, are direetly related to the pelvie girdle. Strong 
ligaments snpport and strengthen these joints. 

SACRO-ILIAC JOINTS 

The saero-iliae joints are strong, weight-bearing eomponnd 
joints, eonsisting of an anterior synovial joint (between the ear- 
shaped aurieular surfaees of the saernm and ilium, eovered 
with articular eartilage) and a posterior syndesmosis (between 
the tuherosities of these bones) (Fig. 3.4B). The auricular 
surfaces of this synovial joint have irregnlar but congruent 
elevations and depressions that interloek (Figs. 3.5A-C). 
The saero-iliae joints differ from most synovial joints in that 
limited mobility is allowed, a consequence of their role in 
transmitting the weight of most of the body to the hip bones. 

Weight is transferred from the axial skeleton to the ilia via 
the saero-iliae ligaments (Fig. 3.4A), and then to the femnrs 
dnring standing, and to the isehial tnberosities dnring sitting. 
As long as tight apposition is maintained between the artien- 
lar snrfaees, the saero-iliae joints remain stable. IJnlike a key- 
stone at the top of an areh, the saernm is aetnally snspended 
between the iliae bones and is fìrmly attaehed to them by 
posterior and interosseons saero-iliae ligaments (Fig. 3.5A). 

The thin anterior saero-iliae ligaments are merely the 
anterior part of the fìbrons eapsnle of the synovial part of the 
joint (Figs. 3.5A and 3.6). The abnndant interosseons saero- 
iliae ligaments (lying deep between the tnberosities of the 
saernm and ilium and oeenpying an area of approximately 
10 em^) are the primary structures involved in transferring 
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Antero-inferior Views 



FIGITRE 3.3. Pelvie girdles of male and female. Pubic arehes, or subpubic angles typieal for eaeh gender (male = red; female =green) ean be approximated 
by spreading index and middle finger (demonstrating narrovv subpubic angle of male pelvis) or thumb and index finger (demonstrating vvider subpubic angle 
of female pelvis). 


TABLE 3.1. eOMPARISON OF MALE AND FEMALE BONY PELVES 


Bony Pelvis 

Male((^) 

Female (?) 

General structure 

Thiek and heavy 

Thin and light 

Greater pelvis (false pelvis) 

Deep 

Shallovv 

Lesser pelvis (true pelvis) 

Narrovv and deep, tapering 

Wide and shallovv, eylindrieal 

Pelvie inlet (superior pelvie aperture) 

Heart-shaped, narrovv 

Oval and rounded; vvide 

Pelvie outlet (inferior pelvie aperture) 

eomparatively small 

Gomparatively large 

Pubic areh and subpubic angle 

Narrovv (<70°) 

Wide (>80°) 

Obturator foramen 

Round 

Oval 

Acetabulum 

Large 

Small 

Greater seiatie noteh 

Narrovv (-70°); inverted V 

Almost 90° 



















332 


ehapter 3 Pelvis and Perineum 


5th lunnbar vertebra (L5) 

Lumbosacral join^ 

Ilium ^ ^ 


Saero-iliae joint 


Sacrum 



Saero-eoeeygeal 

joint 


Coccyx 


Acetabulum 


Head of femur 
Femur 


Pubic 

symphysis 


(A) Anterior view—^joints of pelvie girdle 




Tuberosities 


Auricular 

surfaces 


bone 


Sacrum 



Medial view 


Lateral view 


(B) Open book view of articulating surfaces of saero-iliae joint 


FIGITRE 3.4. Joìnts of pelvìe gìrdle. A. The saero-iliae joints unite the 
axial and inferior appendicular skeletons. The lumbosacral and saeroeoeey- 
geal joints are joints ofthe axial skeleton direetly related to the pelvie girdle. 
B.The auricular surfaces and tuberosities ofthe ilium and sacrum are 
demonstrated in an “opened book” vievv. 


the weight of the upper body from the axial skeleton to the 
two ilia of the appendicular skeleton (Fig. 3.5A). 

The posterior saero-iliae ligaments are the posterior 
external eontinnation of the same mass of fibrons tissne (Figs. 
3.5A and 3.6). Beeanse the fibers of the interosseons and pos- 
terior saero-iliae ligaments run obliquely upward and outward 
from the sacrum, the axial weight pushing down on the saernm 
aetnally pulls the ilia inward (medially) so that they eompress 
the saernm between them, loeking the irregnlar but congruent 
snrfaees of the saero-iliae joints together. The ìlìolnmharlìga- 
ments are aeeessory ligaments to this meehanism (Fig. 3.6). 

Inferiorly, the posterior saero-iliae ligaments are joined 
by fibers extending from the posterior margin of the ilium 
(between the posterior snperior and posterior inferior iliae 
spines) and the base of the coccyx to form the massive saero- 
tnherons ligament (Fig. 3.6). This ligament passes from the 
posterior ilium and lateral saernm and coccyx to the isehial 
tnberosity, transforming the seiatie noteh of the hip bone into a 


large seiatie foramen. The saerospinons ligament, passing from 
lateral saernm and coccyx to the isehial spine, fnrther subdi- 
vides this foramen into greater and lesser seiatie foramina. 

Most of the time, movement at the saero-iliae joint is lim- 
ited by interloeking of the artienlating bones and the saero-iliae 
ligaments to slight gliding and rotary movements (Fig. 3.5D). 
When landing after a high jump or when weightlifting in the 
standing position, exceptional foree is transmitted throngh 
the bodies of the Inmbar vertebrae to the snperior end of the 
saernm. Beeanse this transfer of weight oeenrs anterior to the 
axis of the saero-iliae joints, the snperior end of the saernm 
is pnshed inferiorly and anteriorly. However, rotation of the 
snperior saernm is eonnterbalaneed by the strong saerotnber- 
ous and saerospinons ligaments that anehor the inferior end of 
the saernm to the isehinm, preventing its snperior and posterior 
rotation (Figs. 3.5D and 3.6). By allowing only slight upward 
movement of the inferior end of the saernm relative to the hip 
bones, resilienee is provided to the saero-iliae region when the 
vertebral eolnmn snstains sndden inereases in foree or weight. 

PUBIC SYMPHYSIS 

The pubic symphysis eonsists of a fibroeartilaginons inter- 
pubic dise and surrounding ligaments nniting the bodies of 
the pubic bones in the median plane (Fig. 3.7). The interpa- 
bie dise is generally wider in women. The ligaments joining 
the bones are thiekened at the snperior and inferior margins 
of the symphysis, forming snperior and inferior pubic hga- 
ments. The snperior pubic ligament eonneets the snperior 
aspeets of the pubic bodies and interpnbie dise, extending as 
far laterally as the pubic tubercles. The inferior (arcuate) 
pubic ligament is a thiek areh of fibers that eonneets the 
inferior aspeets of the joint eomponents, ronnding off the suh- 
puhie angle as it forms the apex of the puhic areh (Fig. 3.3). 
The deenssating, fibers of the tendinons attaehments of 
the reetns abdominis and external oblique muscles also 
strengthen the pubic symphysis anteriorly (see Ghapter 2). 

LUMBOSACRAL JOINTS 

L5 and S1 vertebrae artienlate at the anterior intervertehral (IV) 
joint formed by the L5/S1 IV dise between their bodies (Fig. 
3.4A) and at two posterior zygapophysial joints (faeet joints) 
between the artienlar proeesses of these vertebrae (Fig. 3.1). 
The faeets on the S1 vertebra faee posteromedially, interloeking 
with the anterolaterally faeing inferior artienlar faeets of the L5 
vertebra, preventing the Inmbar vertebra from sliding anteri- 
orly down the ineline of the saernm. These joints are fiirther 
strengthened by fan-like iliolumbar ligaments radiating from 
the transverse proeesses of the L5 vertebra to the ilia (Fig. 3.6). 

SACROCOCCYGEAL JOINT 

The saeroeoeeygeal joint is a seeondary eartilaginons joint 
(Fig. 3.4A) with an IV dise. Fibroeartilage and ligaments join 
the apex of the saernm to the base of the coccyx. The ante- 
rior and posterior saeroeoeeygeal ligaments are long 
strands that reinforee the joint (Fig. 3.6). 
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FIGIJRE 3.5. Saero-iliae joints and pubic symphysis with assoeiated ligaments. A. The posterior half of a eoronally seetioned pelvie girdle and its saero-iliae 
joints are shown. The strong interosseous saero-iliae ligaments lie deep (antero-inferior) to the posterior saero-iliae ligaments and eonsist of shorter fibers 
eonneeting the tuberosity of the sacrum to the tuberosity of the ilium, suspending the sacrum from the ilia (left and right ilium) like the eentral portion of 
a suspension bridge is suspended from the pylons at eaeh end. B. CT sean ofthe synovial and syndesmotie portions ofthe saero-iliae Joint. C. Because the 
articulating surfaces are irregular and slightly oblique, the anterior and posterior parts of the joint appear separately in an AP radiograph. D. The weight of 
the body is transmitted to the sacrum anteriorto the axis ofrotation at the saero-iliae joint. The tendeney for inereased weight or foree to rotate the upper 
sacrum anteriorly and inferiorly is resisted by the strong sacrotuberous and sacrospinous ligaments anehoring the inferior sacrum and coccyx to the ischium. 
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FIGIJRE 3.6. Ligaments of pelvie girdle. The ligaments ofhipjoint (shown but not labeled) are identified in Ghapter 5 (Lower Limb). 
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(A) Antero-inferior view of pubic bones and pubic symphysis (B) Anteroposterior radiograph of pubic bones and symphysis 

FIGIJRE 3.7. Pubic symphysis. A. The pubic symphysis is a seeondary cartilaginous joint betvveen the bodies of the pubic bones. B. Radiographie 
appearanee ofthe pubic symphysis in the anatomieal position. In this position, the bodies ofthe pubic bones are nearly horizontal, and thejoint appears 
foreshortened. 


PELVie GIRDLE 

Variations in Male and Female Pelves 

Although anatomieal differenees betvveen male and 
female pelves are usually elear cut, the pelvis of any 
person may have some featnres of the opposite sex. 
The pelvie types shown in Figure B3.1A and C are most eom- 
mon in males, B and A in white females, and B and C in blaek 
females, whereas D is nneommon in both sexes. The gyneeoid 
pelvis is the normal female type (Fig. B3.1B); its pelvie inlet 
typieally has a ronnded oval shape and a wide transverse diam- 
eter. An platypelloid or markedly android (masenline or 
fimnel-shaped) pelvis in a woman may present hazards to suc- 
eessfiil vaginal delivery of a fetus (Fig. B3.1A). 


inforensie medieine (the applieation of medieal and ana- 
tomieal knowledge for the pnrposes of law), identifieation of 
human skeletal remains usually involves the diagnosis of sex. 
A prime focus of attention is the pelvie girdle beeanse sexual 
differenees usually are elearly visible. Even fragments of the 
pelvie girdle are useful in determining sex. 

Pelvíe Diameters (Conjugates) 

The size of the lesser pelvis is partienlarly important 
in obstetries beeanse it is the bony eanal throngh 
which the fetus passes during normal ehild birth. To 
determine the eapaeity of the female pelvis for ehildbearing, 
the diameters of the lesser pelvis are noted radiographieally 
or mannally during a pelvie examination. The minimnm 
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anteroposterior (AP) diameter of the lesser pelvis, the true 
(obstetrieal) conjugate from the middle of the saeral prom- 
ontory to the posterosnperior margin (elosest point) of the 
pnbie symphysis (Fig. B3.2A & B), is the narrowest^x^íi dis- 
tanee throngh whieh the baby s head mnst pass in a vaginal 
delivery. This distanee, however, eannot be measnred direetly 
dnring a pelvie examination beeanse of the presenee of the 



Interspinous distanee, 10 em 
(A) Superìor view Transverse diameter, 13.5 em 
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Diagonal con]ugate 
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(B) Medial view (from left) 
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11 . 

13 


Distanee measured 
after hand is 
withdrawn (11.5 em) 


(C) Medial view (from right) 

FIGUREB3.2. 


bladder. Consequently, the diagonal conjugate 
(Fig. B3.2B) is measnred by palpating the saeral promontory 
with the tip of the mìddle jìnger, nsing the other hand to mark 
the level of the inferior margin of the pnbie symphysis on the 
examining hand (Fig. B3.2C). After the examining hand is 
withdrawn, the distanee between the tip of the indexfinger 
(1.5 em shorter than the middle fínger) and the marked level 
of the pnbie symphysis is measnred to estimate the trne eon- 
jngate, whieh shonld be 11.0 em or greater. 

In all pelvie girdles, the isehial spines extend toward eaeh 
other, and the interspinous distanee between them is nor- 
mally the narrowest part of the pelvie eanal (the passage- 
way throngh the pelvie inlet, lesser pelvis, and pelvie ontlet) 
throngh which a baby’s head mnst pass at birth (Fig. B3.2B), 
bnt it is not a fíxed distanee (see the blne box “Belaxation of 
Pelvie Ligaments and inereased Joint Mobility Dnring Preg- 
naney,” p. 336). Dnring a pelvie examination, if the isehial 
tnberosities are far enongh apart to permit three fíngers to 
enter the vagina side by side, the snbpnbie angle is eonsid- 
ered snffíeiently wide to permit passage of an average fetal 
head at fnll term. 


Pelvie Fractures 



Anteroposterior eompression of the pelvis oeenrs dnr- 
ing ernsh aeeidents (as when a heavy objeet falls on 
the pelvis, Fig. B3.3A). This type of tranma eom- 
monly iprodnees fraetnres of the pnhie rami. When the pelvis 
is eompressed laterally, the aeetabnla and ilia are squeezed 
toward eaeh other and may be broken. 

Fraetnres of the hony pelvie ring are almost always mnl- 
tiple fraetnres or a fraetnre eombined with a joint disloeation. 
To illnstrate this, try breaking a pretzel ring at jnst one point. 
Some pelvie fraetnres resnlt from the tearing away of bone 
by the strong ligaments assoeiated with the saero-iliae joints. 
(These ligaments are shown in Figs 3.3 and 3.4A. 

Pelvie fraetnres ean resnlt from direet tranma to the pel- 
vie bones, sneh as oeenrs dnring an antomobile aeeident 
(Fig. B3.3A), or be eansed by forees transmitted to 
these bones from the lower limbs dnring falls on the feet 
(Fig. B3.3B). Weak areas of the pelvis, where fraetnres often 
oeenr, are the pnbie rami, the aeetabnla (or the area immedi- 
ately snrronnding them), the region of the saero-iliae joints, 
and the alae of the ilinm. 

Pelvie fraetnres may eanse injnry to pelvie soft tissnes, 
blood vessels, nerves, and organs. Fraetnres in the pnbo- 
obtnrator area are relatively eommon and are often eompli- 
eated beeanse of their relationship to the nrinary bladder and 
nrethra, which may be rnptnred or torn. 

Falls on the feet or bnttoeks from a high ladder may drive 
the head of the femnr throngh the aeetabnlnm into the pelvie 
eavity, injnring pelvie viseera, nerves, and vessels. In indi- 
vidnals yonnger than 17 years of age, the aeetabnlnm may 
fraetnre throngh the triradiate eartilage into its three devel- 
opmental parts (Fig. 3.2C) or the bony aeetabnlar margins 
may be torn away. 
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(A) Superior views 




(B) Anterior views 



Double break in continuity of 
anterior pelvie ring causes 
instability but usually little 
displaeement. Viseeral (espeeially 
genito-urinary) injury is likely. 
[Note absenee of seatbelt.] 


Fracture of aii four pubic rami 
(straddie injury) 



Gentral fracture of acetabulum 
with disloeation of femoral head 
into pelvis. 


Fracture of acetabuium (femorai 
head is driven through acetabuium 
into iesser peivis) 


FIGURE B3.3. 


Relaxation of Pelvie Ligaments 
and inereased Joint Mobility 
in Late Pregnaney 



The larger eavity of the interpubic dise in females 
(Fig. 3.3) inereases in size dnring pregnaney. This 
ehange inereases the eirenmferenee of the lesser 
pelvis and eontribntes to inereased flexibility of the pnbie 
symphysis. inereased levels of sex hormones and the pres- 
enee of the hormone relaxin eanse the pelvie ligaments to 
relax dnring the latter half of pregnaney, allovving inereased 
movement at the pelvie joints. Relaxation of the saero-iliae 
joints and pnbie symphysis permits as mneh as a 10-15% 
inerease in diameters (mostly transverse, inelnding the 
interspinons distanee—Fig. B3.2A), faeilitating passage of 
the fetns throngh the pelvie eanal. The coccyx is also able to 
move posteriorly. 


The one diameter that remains nnaffeeted is the trne 
(obstetrieal) diameter betvveen the saeral promontory and the 
posterosnperior aspeet of the pnbie symphysis (Fig. B3.2A & 
B). Relaxation of saero-iliae ligaments eanses the interloeking 
meehanism of the saero-iliae joint to beeome less effeetive, 
permitting greater rotation of the pelvis and eontribnting 
to the lordotie (“svvaybaek”) postnre often assnmed dnring 
pregnaney vvith the ehange in the eenter of gravity. Relax- 
ation of ligaments is not limited to the pelvis, and the pos- 
sibility of joint disloeation inereases dnring late pregnaney. 


Spondylolysis and Spondylolisthesis 

Spondylolysis is a defeet allovving part of a vertehral 
areh (the posterior projeetion from the vertebral 
body that snrronnds the spinal eanal and bears the 
artienlar, transverse, and spinal proeesses) to be separated 
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(A) 


Normal 


Spondylolysis (A) 
Spondylolisthesis (B) 


Body 



Anterior 

Defeet separating L5 dispiaeement 
vertebra into two parts of L5 vertebra 
(spondyioiysis) 


(spondyio- 

iisthesis) 


Spinous 

proeess 


Acetabular rim 
Head of femur 


Anterior dispiaeement 
of L5 vertebrai body 
(spondyioiisthesis) 


(B) 



Defeet 

(spondyioiysis) 


Saeral 

eanal 


Dotted line follows posterior vertebral 
margins of L5 and the sacrum 


(C) Left iaterai views 


FIGITRE B3.4. A. Comparison of a normal L5 vertebra vvith intaet articular proeesses that prevent spondylolisthesis and an L5 vertebra vvith spondylolysis 
(A) resulting in spondylolisthesis (B). B. Interpretive figure of radiograph (C) demonstrating spondylolysis and spondylolisthesis. 


from its body. Spondylolysis of vertehra L5 resolts in the 
separation of the vertebral body from the part of its vertebral 
areh bearing the inferior artienlar proeesses (Fig. B3.4A). 
The inferior artienlar proeesses of L5 normally interloek 
with the artienlar proeesses of the saernm. When the defeet 
is bilateral, the body of the L5 vertebrae may slide anteriorly 
on the saernm (spondylolisthesis) so that it overlaps the 
saeral promontory (Fig. B3.4B-C). The intrnsion of the L5 
body into the pelvie inlet rednees the AP diameter of the 
pelvie inlet, whieh may interfere with partnrition (ehild- 


birth). It may also eompress spinal nerves, eansing low baek 
or lower limb pain. 

Obstetrieians test for spondylolisthesis by rnnning their 
fingers along the Inmbar spinons proeesses. An abnormally 
prominent L5 proeess indieates that the anterior part of L5 
vertebra and the vertebral eolnmn snperior to it may have 
moved anteriorly relative to the saernm and the vertebral 
areh of L5. Medieal images, sneh as sagittal magnetie reso- 
nanee imaging (MRI), are taken to eonfirm the diagnosis, 
and to measnre the AP diameter of the pelvie inlet. 


The Bottom Lìne 


PELVIS AND PELVie GIRDLE 

Pelvìs: The pelvis is the spaee enelosed by the pelvie girdle, 
which is subdivided into the greater pelvis (the inferior part of 
the abdominal eavity, which reeeives the proteetion of the alae 
of the ilia) and the lesser pelvis (the spaee inside the bony 
ring of pelvis inferior to the pelvie brim). ♦ The lesser pelvis 
provides the skeletal framework for both the pelvie eavity and 


the perineum, which are separated by the musculofascial 
pelvie diaphragm. ♦ The term penneum refers both to the 
region that includes the anus and external genitalia and to 
a shallow eompartment deep to that area. ♦ The inferior 
anterolateral abdominal wall, gluteal region, and perineum 
overlap the pelvis. 
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Pelvìe gìrdle: The pelvie girdle is an articulated bony ring 
eomposed of the sacrum and two hip bones. VVhereas the pel- 
vie girdle is part of the appendicular skeleton of the lower limb, 
the sacrum is also part of the axial skeleton, continuous with 
the lumbar vertebrae superiorly and coccyx inferiorly. 

♦ The hip bones are formed by the fusion ofthe ilium, ischium, 
and pubis. ♦ The primary functions ofthe pelviegirdle are 
bearing and transfer of weight; seeondary functions include 
proteetion and support of abdominopelvie viseera and hous- 
ing and attaehment for structures of the genital and urinary 
systems. ♦ The pelvie girdle is in the anatomieal position when 
its three anteriormost points (right and left ASISs and anterior 
aspeet of pubic symphysis) lie in the same vertieal plane. 

♦ Male and female pelves are distinet. The eharaeteristie fea- 
tures ofthe normal (gyneeoid) female pelvis refleetthe faet 
that the fetus must traverse the pelvie eanal during ehildbirth. 

♦ Because atypieal female pelves may not be conducive to a 


vaginal birth, determination of the pelvie diameters is of elini- 
eal importanee. 

Joìnts of pelvìs: The saero-iliae joints are speeialized 
compound synovial and syndesmotie Joints, the structures of 
which refleet both the primary (weight-bearing/weight transfer 
and stability) and the seeondary (parturition) functions of the 
pelvis. ♦ Strong interosseous and posterior saero-iliae liga- 
ments suspend the sacrum between the ilia, transferring weight 
and stabilizing the bony ring of the pelvis. ♦ The synovial 
Joints allow slight but signifieant movement during ehildbirth, 
when the pubic symphysis and the ligaments are softened by 
hormones. ♦ To counterbalance the weight of the upper body 
and additional forees generated by aetivities such as jumping 
and load bearing, which are reeeived by the superior sacrum 
anterior to the rotatory axis ofthe saero-iliae Joints, the inferior 
end ofthe sacrum is anehored to the ischium by the substantial 
sacrotuberous and sacrospinous ligaments. 


PELVie GAVITY 


The ahdominopelvie eavity extends snperiorly into the tho- 
raeie eage and inferiorly into the pelvis, so that its snperior 
and inferior parts are relatively proteeted (Fig. 3.8A). Perfo- 
rating wounds in either the thorax or the pelvis may therefore 
involve the abdominopelvie eavity and its eontents. 

The fnnnel-shaped pelvie eavity —the spaee bonnded 
peripherally by the bony, ligamentons, mnsenlar pelvie walls 
and floor—is the inferoposterior part of the abdominopelvie 
eavity. The pelvie eavity is eontinnons with the abdominal 
eavity at the pelvie inlet bnt angnlated posteriorly from it 
(Fig. 3.8A & e). Althongh eontinnons, the abdominal and 
pelvie eavities are deseribed separately for deseriptive pnr- 
poses, faeilitating the regional approaeh. 

The pelvie eavity eontains the terminal parts of the nre- 
ters, the nrinary bladder, reetnm, pelvie genital organs, blood 
vessels, lymphaties, and nerves. In addition to these distinetly 
pelvie viseera, it also eontains what might be eonsidered 
an overflow of abdominal viseera: loops of small intestine 
(mainly ilenm) and, frequently, large intestine (appendix and 
transverse and/or sigmoid eolon). 

The pelvie eavity is limited inferiorly by the mnsenlofaseial 
pelvie diaphragm, whieh is snspended above (bnt deseends een- 
trally to the level of) the pelvie ontlet, forming a bowl-like pelvie 
floor. The pelvie eavity is bonnded posteriorly by the coeeyx and 
inferiormost saernm, with the snperior part of the saemm form- 
ing a roof over the posterior half of the eavity (Fig. 3.8A & B). 

The bodies of the pnbie bones, and the pnbie symphy- 
sis nniting them, form an antero-inferior wall that is mneh 
shallower (shorter) than the posterosnperior wall and eeiling 
formed by saernm and coccyx. Consequently, the axis of the 
pelvis (a line in the median plane deflned by the eenter point 
of the pelvie eavity at every level) is enrved, pivoting aronnd 


the pnbie symphysis (Fig.3.8A). The enrving form of the axis 
and the disparity in depth between the anterior and posterior 
walls of the eavity are important faetors in the meehanism of 
fetal passage throngh the pelvie eanal. 

Walls and Floor of Pelvie Gavity 

The pelvie eavity has an antero-inferior wall, two lateral walls, 
a posterior wall, and a floor (Fig. 3.9A). The mnseles forming 
the walls and floor of the pelvie eavity are demonstrated in Fig- 
nre 3.10, and the proximal and distal attaehments, innervation, 
and main aetions of the mnseles are deseribed in Table 3.2. 

ANTERO-INFERIOR PELVIG WALL 

The antero-inferior pelvie wall (more of a weight-bearing 
floor than an anterior wall in the anatomieal position) is 
formed primarily by the bodies and rami of the pnbie bones 
and the pnbie symphysis (Figs. 3.7 and 3.9B-D). It partiei- 
pates in bearing the weight of the nrinary bladder. 

LATERAL PELVIG WALLS 

The lateral pelvie walls are formed by the right and left hip 
bones, eaeh of which inelndes an obtnrator foramen elosed 
by an obturator membrane (Figs. 3.8C & 3.9B). The fleshy 
attaehments of the ohtnrator intemns mnseles eover and thns 
pad most of the lateral pelvie walls (Figs. 3.9C and 3.10A). 
The fleshy flbers of eaeh obtnrator internns eonverge poste- 
riorly, beeome tendinons, and tnrn sharply laterally to pass 
from the lesser pelvis throngh the lesser seiatie foramen to 
attaeh to the greater troehanter of the femnr. The medial 
snrfaees of these mnseles are eovered by obtnrator faseia, 
thiekened eentrally as a tendinons areh that provides attaeh- 
ment for the pelvie diaphragm (Fig. 3.9D). 






ehapter 3 Pelvis and Perineum 


339 


Thoraeie eavity 


Abdominopelvie 

eavity 


Sacrum 


Pelvie axis 


Coccyx 



Sacrum 


Coccyx 


Body eavities 


Thoraeie eavity 
Abdominal portion of 
abdominopelvie eavity 
Pelvie portion of abdominopelvie 
eavity 

Perinial compartment/perineum 



(B) Medial view 


Abdominal 

axis 

Muscles of 
abdominal 
wall 

Pelvie inlet 

Ala of ilium^ 

Pubic 

symphysis 


Pelvie 

outlet 

*Pelvic eavity 


Perineum 


Perineum 


(A) Median seetion 


(C) Goronal seetion 


Pelvie 

diaphragm 

Pubic 

symphysis 


Perineum 


Thigh 



Diaphragm 

Abdominal 

eavity 


Greater 

pelvis 


Pelvie brim 


Obturator 

membrane 


Pelvie diaphragm 
(levator ani) 


within lesser pelvis 


FIGIJRE 3.8. Thoraeie and abdominopelvie eavities. A and C. These seetions of the trnnk shovv the relationship of the thoraeie and abdominopelvie 
eavities. Although the greater pelvis and pelvie eavity are actually continuous, they are demareated by the plane of the pelvie inlet (defined by the pelvie 
brim). B. The pelvie diaphragm is a dynamie barrier separating the lesser pelvis and the perineum, forming the fìoor of the former and roof of the latter. 


POSTERIOR WALL (POSTEROLATERAL WALL 
AND ROOF) 

In the anatomieal position, the posterior pelvie wall eonsists of 
a bony wall and roof in the midline (formed by the saernm and 
eoccyx) and mnsenloligamentons posterolateral walls, formed 
by the ligaments assoeiated with the saero-iliae joints and piri- 
formis mnseles (Fig. 3.9A-C). The ligaments inelnde the ante- 
rior saero-iliae, saerospinons, and saerotnberons ligaments. 

The piriformis mnseles arise from the snperior saernm, 
lateral to its pelvie foramina (Figs. 3.9A and 3.10A). The 
mnseles pass laterally, leaving the lesser pelvis throngh the 
greater seiatie foramen to attaeh to the snperior border of the 
greater troehanter of the femnr (Fig. 3.10B). These mnseles 
oeenpy mneh of the greater seiatie foramen, forming the pos- 
terolateral walls of the pelvie eavity (Fig. 3.9A). Immediately 
deep (anteromedial) to these mnseles (often embedded in 
the fleshy flbers) are the nerves of the saeral plexus (Fig. 
3.9D). A gap at the inferior border of the piriformis allows 
passage of nenrovasenlar strnetnres between the pelvis and 
the perinenm and lower limb (glnteal region). 


PELVie FLOOR 

The pelvie floor is formed by the bowl- or fnnnel-shaped pel- 
vie diaphragm, which eonsists of the eoeeygens and levator 
ani mnseles and the faseias (L.faseiae) eovering the snperior 
and inferior aspeets of these mnseles (Figs. 3.9A, 3.10C, and 
3.11; Table 3.2). The pelvie diaphragm lies within the lesser 
pelvis, separating the pelvie eavity from the perinenm, for 
which it forms the roof. 

The attaehment of the diaphragm to the obtnrator faseia 
divides the obtnrator internns into a snperior pelvie portion 
and an inferior perineal portion (Fig. 3.11B). Medial to the 
pelvie portions of the obtnrator internns mnseles are the 
obtnrator nerves and vessels and other branehes of the inter- 
nal iliae vessels. 

The coccygeus muscles arise from the lateral aspeets of 
the inferior saernm and coccyx, their fleshy flbers lying on and 
attaehing to the deep snrfaee of the saerospinons ligament 
(Fig. 3.9B & e). The levator ani (a broad mnsenlar sheet) 
is the larger and more important part of the pelvie floor. It is 
attaehed to the bodies of the pnbie bones anteriorly, to the 
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Muscles of floor of pelvis*: 


Pelvie diaphragm (PD) = Levator ani (LA) + Coccygeus (C) 

(PD = LA + C) 

Levator ani (LA) = Pubococcygeus (PC) + Iliococcygeus (IC) 

(LA = PC + IC) 


Pubococcygeus (PC $) = Puborectalis (PR) + Pubovaginalis (PV) 

(PC = PR + PV $) 

Pubococcygeus {PCS) = Puborectalis (PR) + Puboprostaticus (PP) 


(PC = PR + PPS) 


(Levator prostatae) 


Llrogenital hiatus 


Pubis 


External urethral 
sphineter (seen 
through hiatus) 


Perineal 

membrane 

Drethra 




Anterior 
saeroeoeeygeal 
ligament 



Formulas: Dr. Larry M. Ross. 

The Llniversity of Texas Medieal Sehool at Houston 
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(B) Medial view 
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(C) Medial view 
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FIGIJRE 3.9. Floor and walls of pelvis. A. The fìoor ofthe pelvis is formed by the pelvie diaphragm, eneireled by and suspended in part from the pubic 
symphysis and pubic bones anteriorly, the ilia laterally, and the sacrum and coccyx posteriorly. Parts B through D showthe staged reconstruction ofthe 
parietal structures ofthe right hemipelvis. B. Posterolaterally, the coccyx and inferior part ofthe sacrum are attaehed to the isehial tuberosity by the 
sacrotuberous ligament and to the isehial spine by the sacrospinous ligament. The obturator membrane, eomposed of strong interlaeing fìbers, fìlls the 
obturator foramen. C. The muscles of the lesser pelvis are added. The obturator internus pads the lateral wall of the pelvis, its fìbers eonverging to eseape 
posteriorly through the lesser seiatie foramen (see part B). D. The levator ani is added, suspended from a thiekening in the obturator faseia (the tendinous 
areh), which extends from the pubic body to the isehial spine. 
























ehapter 3 Pelvis and Perineum 


341 


Obturator 

eanal 


Obturator 

internus 



Pirifornnis 


Coccygeus 


Sacrotuberous 

ligament 


Pubic symphysis 

Inferior pubic 
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Deep dorsal 
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Deep dorsal vein of elitoris 
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(A) Medial view of hemiseeted pelvis 
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Pubococcygeus: 
Puboprostaticus 
Puboperinealis 
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Puborectalis 


Iliococcygeus 
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(C) Inferior view of structures lying superior to the 
perineal membrane in the male (left) and female (right) 


(B) Posterior view 


FIGIJRE 3.10. Muscles of pelvie vvalls and floor. A and B. The obturator internis and piriformis are muscles that aet on the lovver limb but are also 
eomponents of the pelvie vvalls. C. The muscles of the levator ani and the coccygeus eomprise the pelvie diaphragm that forms the fìoor of the pelvie eavity 
The faseia eovering the inferior surface of the pelvie diaphragm forms the “rooP of the perineum. 


isehial spines posteriorly, and to a thiekening in the obtnrator 
faseia (the tendinous areh of the levator ani) betvveen the 
two bony sites on eaeh side. 

The pelvie diaphragm thns stretehes between the ante- 
rior, the lateral, and the posterior walls of the lesser pelvis. 


giving it the appearanee of a hammoek snspended from these 
attaehments, elosing mneh of the ring of the pelvie girdle. An 
anterior gap between the medial borders of the levator ani 
mnseles of eaeh side—the nrogenital hiatns —gives pas- 
sage to the nrethra and, in females, the vagina (Fig. 3.9A). 


TABLE 3.2. MUSCLES OF PELVIG WALLS AND FLOOR 


Boundary 

Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation 

Main Aetion 

Lateral wall 

Obturator internus 

Pelvie surfaces of ilium and 
ischium; obturator mem- 
brane 

Greatertroehanter 
of femur 

Nerve to obturator 
internus (L5, 

Sl, S2) 

Rotates thigh later- 
ally; assists in hold- 
ing head of femur in 
acetabulum 

Postero- 

superior 

wall 

Piriformis 

Pelvie surface of S2-S4 
segments; superior margin 
of greater seiatie noteh and 
sacrotuberous ligament 

Greater troehanter 
of femur 

Anterior rami of S1 
and S2 

Rotates thigh laterally; 
abducts thigh; assists 
in holding head of 
femur in acetabulum 

Floor 

Coccygeus 

(ischiococcygeus) 

isehial spine 

Inferior end of 
sacrum and coccyx 

Branehes of S4 and 
S5 spinal nerves 

Forms small partof 
pelvie diaphragm 
thatsupports pelvie 
viseera; flexes coccyx 


Levator ani (pubo- 
reetalis, pubo- 
coccygeus, and 
iliococcygeus) 

Body of pubis; tendinous 
areh of obturatorfascia; 
isehial spine 

Perineal body; 
coccyx; anoeoe- 
eygeal ligament; 
walls of prostate or 
vagina, rectum, and 
anal eanal 

Nerve to levator ani 
(branehes of S4), 
inferior anal (reetal) 
nerve, and 
eoeeygeal plexus 

Forms mostof pelvie 
diaphragm that helps 
support pelvie viseera 
and resists inereases 
in intra-abdominal 
pressure 
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FIGITRE 3.11. Pelvie diaphragm and anorectum in situ. A and B. The eomponents ofthe pelvie diaphragm (levator ani and coccygeus) form the fìoor 
of the pelvie eavity and the roof of the perineum. B. The basin-like nature for vvhieh the pelvis vvas named is evident in this eoronal seetion. The fat-fìlled 
isehio-anal fossae of the perineum also lie vvithin the bony ring of the lesser pelvis. 


The levator ani eonsists of three parts, often poorly 
demareated bnt designated aeeording to attaehments and 
fiber eonrse (Figs. 3.9A & D, 3.10C, and 3.11): 

• Puborectalis; the thieker, narrovver, medial part of the 
levator ani, eonsisting of mnsele fibers that are eontinn- 
ons betvveen the posterior aspeets of the bodies of the 
right and left pnbie bones. It forms a U-shaped mnsen- 
lar sling {pnhoreetal sling) that passes posterior to the 
anoreetal jnnetion (Fig. 3.12), bonnding the nrogenital 
hiatns. This part plays a major role in maintaining feeal 
eontinenee. 

• Pubococcygeus; the vvider bnt thinner intermediate part 
of the levator ani, vvhieh arises lateral to the pnboreetalis 


from the posterior aspeet of the body of the pnbis and 
anterior tendinons areh (Figs. 3.9A & D, 3.10C, and3.11). 
It passes posteriorly in a nearly horizontal plane; its lateral 
fibers attaeh to the coccyx and its medial fibers merge vvith 
those of the eontralateral mnsele to form a fibrons raphe 
or tendinons plate, part of the anoeoeeygeal body or 
ligament betvveen the anns and the coccyx (often referred 
to elinieally as the “levator plate”). 

Shorter mnsenlar slips of the pnboeoeeygens extend- 
ing medially and blending vvith the faseia aronnd midline 
strnetnres are named for the strnetnre near their termi- 
nation: pnhovaginalis (females), pnhoprostatiens (males), 
pnhoperinealis, and puho-analis. 






























ehapter 3 Pelvis and Perineum 


343 


Hip bone 


Pubic 

symphysis 


Left pubic 
bone 



80° anoreetal angle 
at anoreetal junction 


Wall of 
anal eanal 


Sacrum 


Rectum 


Coccyx 


Puborectalis 

(forming 

puborectal 

sling) 


Medial view from left 

FIGURE3.12. Puborectal is muscle. Most ofthe left hip bone has been 
removed to demonstrate that this part of the levator ani is formed by 
continuous muscle fibers following a Ll-shaped course around the ano- 
reetal junction. The puborectalis thus forms a puborectal sling, 
the tonus of which is responsible for maintaining the anoreetal angle 
(perineal fìexure). 


• Iliococcygeus; the posterolateral part of the levator ani, 
which arises from the posterior tendinons areh and isehial 
spine. It is thin and often poorly developed (appearing 
more aponenrotie than mnsenlar), and also blends with 
the anoeoeeygeal body posteriorly. 

The levator ani forms a dynamie floor for snpporting the abdom- 
inopelvie viseera. It is tonieally eontraeted most of the time 
to snpport the abdominopelvie viseera, and to assist in main- 
taining nrinary and feeal eontinenee. It is aetively eontraeted 
dnring aetivities sneh as foreed expiration, eonghing, sneezing, 
vomiting, and flxation of the trnnk dnring strong movements 
of the npper limbs (e.g., when lifting heavy objeets), primarily 
to inerease snpport of the viseera dnring periods of inereased 
intra-abdominal pressnre, and perhaps seeondarily to eontrib- 
nte to the inereased pressnre (to aid expulsion). 

Penetrated eentrally by the anal eanal, the levator ani 
is fnnnel shaped, with the U-shaped pnboreetalis looping 
aronnd the “fnnnel spont”; its tonie eontraetion bends the 
anoreetnm anteriorly. Aetive eontraetion of the (volnntary) 
pnboreetalis portion is important in maintaining feeal eon- 
tinenee immediately after reetal fllling or dnring peristalsis 
when the reetnm is fnll and the involnntary sphineter mnsele 
is inhibited (relaxed). 

The levator ani mnst relax to allow nrination and defeea- 
tion. The inereased intra-abdominal pressnre for defeeation 
is provided by eontraetion of the (thoraeie) diaphragm and 
mnseles of the anterolateral abdominal wall. Aeting together, 
the parts of the levator ani elevate the pelvie floor after their 
relaxation and the consequent deseent of the pelvie dia- 
phragm that oeenrs dnring nrination and defeeation. 


Perìtoneum and Peritoneal 
Gavity of Pelvis 

The parietal peritonenm lining the abdominal eavity eon- 
tinnes inferiorly into the pelvie eavity, bnt does not reaeh 
the pelvie floor. Instead, it refleets onto the pelvie viseera, 
remaining separated from the pelvie floor by the pelvie vis- 
eera and the snrronnding pelvie faseia (Table 3.3). Except for 
the ovaries and nterine tnbes, the pelvie viseera are not eom- 
pletely ensheathed by the peritonenm, lying inferior to it for 
the main part. Only their snperior and snperolateral snrfaees 
are eovered with peritonenm. Only the nterine tnbes (except 
for their ostia, which are open) are intraperitoneal and sns- 
pended by a mesentery. The ovaries, althongh snspended in 
the peritoneal eavity by a mesentery, are not eovered with 
glistening peritonenm; instead a speeial, relatively dnll epi- 
thelinm of enboidal eells {germinal epithelinm) eovers them. 

A loose areolar (fatty) layer between the transversalis faseia 
and the parietal peritonenm of the inferior part of the ante- 
rior abdominal wall allows the bladder to expand between 
these layers as it beeomes distended with nrine. The region 
snperior to the bladder (Ì in Table 3.3) is the only site where 
the parietal peritonenm is not flrmly bonnd to the nnderlying 
strnetnres. Consequently, the level at which the peritonenm 
refleets onto the snperior snrfaee of the bladder, ereating the 
sapravesieal fossa {2 in Table 3.3), is variable, depending 
on the fnllness of the bladder. When the peritonenm refleets 
from the abdominopelvie wall onto the pelvie viseera and fas- 
eia, a series of folds and fossae is ereated {2-7 in Table 3.3). 

In the female, as the peritonenm at or near the midline 
reaehes the posterior border of the roof of the bladder, it 
refleets onto the anterior aspeet of the nterns at the isthmns 
of the nterns (see “Female Internal Genital Organs,” p. 382); 
thns it is not related to the anterior vaginal fornix, which is 
snbperitoneal in loeation. The peritonenm passes over the 
fnndns of the nterns and deseends the entire posterior aspeet 
of the nterns onto the posterior vaginal wall before refleeting 
snperiorly onto the anterior wall of the inferior reetnm (reetal 
ampnlla). The “poeket” thns formed between the nterns and 
the reetnm is the recto-uterine pouch (cul-de-sac of Dong- 
las) (6 in Table 3.3C). The median reeto-nterine poneh is often 
deseribed as being the inferiormost extent of the peritoneal 
eavity in the female, bnt often its lateral extensions on eaeh 
side of the reetnm, the parareetal fossae, are deeper. 

Prominent peritoneal ridges, the recto-uterine folds, 
formed by nnderlying faseial ligaments demareate the lateral 
bonndaries of the parareetal fossae (Table 3.3A). As the peri- 
tonenm passes up and over the nterns in the middle of the 
pelvie eavity, a donble peritoneal fold, the hroad ligament of 
the nteras, extends between the nterns and the lateral pelvie 
wall on eaeh side, forming a partition that separates the para- 
vesieal fossae and parareetal fossae of eaeh side. The nterine 
tnbes, ovaries, ligaments of the ovaries, and ronnd ligaments 
of the nterns are enelosed within the broad ligaments. Snbdivi- 
sions of the broad ligament related to these strnetnres will be 
disenssed with the nterns later in this ehapter. Reeall that in 
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TABLE 3.3. PERITONEAL REFLEGTIONS IN PELVIS^ 




Suspensory ligament of ovary 


Recto-uterine fold 


Pelvie pain 
line 


Pelvie pain 
line 


(A) Anterior view of femaie 


Dmbilieal 

folds 


Lateral 

Medial 


V. 


Median 


(B) Right iaterai view of maie 


(C) Right iaterai view of femaie 



Male (Fig. B) 

Female (Fig. A and C) 

1. Deseends anterior abdominal wall (loose attaehment 
allows insertion of bladderas itfills) 

1. Deseends anterior abdominal wall (loose attachmentallows insertion of 
bladder as itfills) 

2. Refleets onto superior surface of bladder, ereating 
supravesical fossa 

2. Refleets onto superior surface of bladder, ereating supravesical fossa 

3. Govers convex superior surface of bladder and slopes 
down sides of roof to aseend lateral wall of pelvis, 
ereating a paravesieal fossa on eaeh side 

3. Govers convex superior surface of bladder and slopes down sides of roof 
to aseend lateral wall of pelvis, ereating a paravesieal fossa on eaeh side 

4. Deseends postehor surface of bladderas much as 2 em 

4. Refleets from bladder roof onto body of uterus forming vesico-uterine pouch 

5. Laterally, forms fold over ureters (ureteric fold), ductus 
deferens, and superiorends of seminal glands 

5. Govers body and fundus of uterus and posteriorfomix of vagina; extends 
laterally from uterus as double fold or mesentery—broad ligamentthat 
engulfs uterine tubes and round ligaments of uterus and suspends ovaries 

6. Refleets from bladderand seminal glands onto rectum, 
forming reetovesieal pouch 

6. Refleets from vagina onto rectum, forming recto-uterine pouch 

7. Reetovesieal pouch extends laterally and posteriorly to 
form a parareetal fossa on eaeh side of rectum 

7. Recto-uterine pouch extends laterally and posteriorly to form a parareetal 
fossa on eaeh side of rectum 

8. Aseends rectum; from inferiorto superior, rectum is 
subperitoneal and then retroperitoneal 

8. Aseends rectum; from inferiorto superior, rectum is subperitoneal and then 
retroperitoneal 

9. Engulfs sigmoid eolon beginning at reetosigmoid junction 

9. E ngulfs sigmoid eolon beginning at reetosigmoid junction 


3Numbers referto table figures. 
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females the pelvie peritoneal eavity eommnnieates with the 
external environment via the nterine tnbes, nterns, and vagina. 

In males and in females who have had a hystereetomy 
(removal of the nterns), the eentral peritonenm deseends a 
short distanee (as mneh as 2 em) down the posterior snrfaee 
(base) of the bladder, and then refleets snperiorly onto the 
anterior snrfaee of the inferior reetnm, forming the reetovesi- 
eal pouch. The female reeto-nterine poneh is normally deeper 
(extends farther eandally) than the male reetovesieal poneh. 

In the male, a gentle peritoneal fold or ridge, the ureteric 
fold, is formed as the peritonenm passes up and over the nre- 
ter and duetus (vas) deferens (seeretory dnet of the testis) on 
eaeh side of the posterior bladder, separating the paravesieal 
and parareetal fossae; in this regard, it is the male equivalent of 
the broad ligament. Posterior to the nreterie folds and lateral to 
the eentral reetovesieal poneh, the peritonenm often deseends 
far enongh eandally to eover the snperior ends or snperior pos- 
terior snrfaees of the seminal glands {vesieles ) and ampnllae of 
the ductus deferens. Except for these sites (and the testis in its 
tnniea vaginalis, which is derived from peritonenm), the male 
reprodnetive organs are not in eontaet with the peritonenm. 

In both sexes, the inferior third of the reetnm is below the 
inferior limits of the peritonenm (i.e., it is snbperitoneal), the 
middle third is eovered with peritonenm only on its anterior 
snrfaee, and the snperior third is eovered on both its anterior 
and its lateral snrfaees. The reetosigmoid jnnetion, near the 
pelvie brim, is intraperitoneal. 

Pelvie Faseia 

The pelvie faseia is eonneetive tissne that oeenpies the spaee 
between the membranons peritonenm and the mnsenlar pel- 
vie walls and floor not oeenpied by the pelvie viseera. This 
“layer” is a eontinnation of the eomparatively thin (except 
aronnd kidneys) endoabdominal faseia that lies between the 
mnsenlar abdominal walls and the peritonenm snperiorly. 
Traditionally, the pelvie faseia has been deseribed as having 
parietal and viseeral eomponents (Fig. 3.13). 

MEMBRANOUS PELVIG FASGIA: PARIETAL 
AND VISGERAL 

The parietal pelvie faseia is a membranons layer of vari- 
able thiekness that lines the inner (deep or pelvie) aspeet of 
the mnseles forming the walls and floor of the pelvis—the 
obtnrator internns, piriformis, eoeeygens, levator ani, and 
part of the nrethral sphineter mnseles. Speeifle parts of the 
parietal faseia are named for the mnsele that is eovered (e.g., 
obtnrator faseia). This layer is eontinnons snperiorly with the 
transversalis and iliopsoas faseias. 

The viseeral pelvie faseia inelndes the membranons faseia 
that direetly ensheathes the pelvie organs, forming the adventi- 
tial layer of eaeh. The membranons parietal and viseeral layers 
beeome eontinnons where the organs penetrate the pelvie floor 
(Figs. 3.13A & e and 3.14). Here the parietal faseiais thiekened, 
forming the tendinous areh of pelvie faseia, a eontinnons 


bilateral band mnning from the pnbis to the saemm along the 
pelvie floor adjaeent to the viseera (Fig. 3.14A & B). The ante- 
riormost part of this tendinons areh (puboprostatic ligament 
in males; pnbovesieal Kgament in females) eonneets the pros- 
tate to the pnbis in the male, or the fnndns (base) of the bladder 
to the pnbis in the female. The posteriormost part of the band 
rnns as the saerogenital Kgaments from the saernm aronnd 
the side of the reetnm to attaeh to the prostate in the male or the 
vagina in the female. In females, the lateral eonneetion of the 
viseeral faseia of the vagina with the tendinons areh of the pelvie 
faseia is the paraeolpinm (Fig. 3.13A). The paraeolpia snspend 
the vagina between the tendinons arehes, assisting the vagina in 
bearing the weight of the fnndns of the bladder. 

ENDOPELVie FASeiA: LOOSE AND GONDENSED 

Often the abnndant eonneetive tissne remaining between the 
parietal and viseeral membranons layers is eonsidered to be part 
of the viseeral faseia, bnt sometimes it is labeled as parietal fas- 
eia. It is probably more realistie to eonsider this remaining fas- 
eia simply as extraperitoneal or snhperitoneal endopelvie faseia 
(Fig. 3.13A & e), which lies adjaeent to both the parietal and 
viseeral membranons faseias. This faseia forms a eonneetive tis- 
sne matrix or paeking material for the pelvie viseera (Fig. 3.13B 
& D). It varies markedly in density and eontent. Some of it is an 
extremely loose areolar fhtty) tissue, relatively devoid of all bnt 
minor lymphaties and nntrient vessels. Dnring disseetion or snr- 
gery, the flngers ean be pnshed into this loose tissne with ease, 
ereating aetnal spaees by blnnt disseetion, for example, between 
the pnbis and bladder anteriorly and between the saernm and 
reetnm posteriorly. These potential spaees, normally eonsisting 
only of a layer of loose fatty tissne, are the retropubic (or pre- 
vesieal, extended posterolaterally as paravesieal) and retroree- 
tal (or presaeral) spaees, respeetively. The presenee of loose 
eonneetive tissne here aeeommodates the expansion of the nri- 
nary bladder and reetal ampnlla as they flll. 

Althongh types of endopelvie faseia do not differ mneh in 
their gross appearanee, other parts of the endopelvie faseia have 
a mneh more flbrons eonsisteney, eontaining an abnndanee of 
eollagen and elastie flbers, and a seattering of smooth mnsele 
flbers. These parts are often deseribed as “faseial eondensations” 
or pelvie “ligaments.” For example, dnring disseetion, if yon 
insert the flngers of one hand into the retropnbie spaee and the 
flngers of the other hand into the presaeral spaee and attempt 
to bring them together along the lateral pelvie wall, yon will flnd 
that they do not meet or pass from one spaee to the other. They 
eneonnter the so-ealled hypogastríe sheath, a thiek band of 
eondensed pelvie faseia. This faseial eondensation is not merely 
a barrier separating the two potential spaees. It gives passage to 
essentially all the vessels and nerves passing from the lateral wall 
of the pelvis to the pelvie viseera, along with the nreters and, in 
the male, the dnetns deferens. 

As it extends medially from the lateral wall, the hypogas- 
trie sheath divides into three laminae (layers) that pass to or 
between the pelvie organs, eonveying nenrovasenlar strne- 
tnres and providing snpport. Beeanse of the latter fnnetion. 
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FIGITRE 3.13. Pelvie faseia: endopelvie faseia and faseial ligaments. Goronal and transverse seetions of female (A and B) and male (C and D) pelves 
demonstrating the parietal and viseeral pelvie faseia and the endopelvie faseia betvveen them, vvith its ligamentous and loose areolar eomponents. 


they are also referred to as ligaments. The anteriormost 
lamina, the lateral ligament of the bladder, passes to the 
bladder, eonveying the snperior vesieal arteries and veins. 
The posteriormost lamina (lateral reetal ligament) passes to 
the reetnm, eonveying the middle reetal artery and vein. 

In the male, the middle lamina forms a relatively thin faseial 
partition, the reetovesieal septnm (Fig. 3.13D), betvveen the 
posterior snrfaee of the bladder and the prostate anteriorly and 
the reetnm posteriorly. In the female, the middle lamina is 
markedly more snbstantial than the other two, passing medi- 
ally to the nterine eervix and vagina as the eardinal ligament 
(transverse eervieal ligament) (Figs. 3.13B and 3.14A & B). 

In its snperiormost portion, at the base of the peritoneal 
broad ligament, the nterine artery rnns medially toward the 


eervix while the nreters pass immediately inferior to them. The 
nreters pass on eaeh side of the eervix heading anteriorly toward 
the bladder. This relationship (“waterpassingunder the bridge”) 
is an espeeially important one for surgeons (see the blue box 
'Tatrogenie Injury of the IJreters” on p. 361). The eardinal liga- 
ment, and the way in which the uterus normally “rests” on top 
of the bladder, provide the main passive snpport for the uterus. 
The perineal mnseles provide dynamie snpport for the uterus 
by eontraeting during moments of inereased intra-abdominal 
pressnre (sneezing, eonghing, ete.). Passive and dynamie sup- 
ports together resist the tendeney for the uterus to fall or be 
pushed through the hollow tube formed by the vagina (nterine 
prolapse). The eardinal ligament has enough fibrous eontent to 
anehor wide loops of suture during snrgieal repairs. 














































ehapter 3 Pelvis and Perineum 


347 


Pubic symphysis 


Median umbilical ligamen 
Medial umbilical ligament 

Vesieal faseia 


Rectus abdominis 


Cut edges of umbilical 
prevesieal faseia 


MediaH Pubovesical 


Drinary 



Lateral ligament of bladder 

Round ligament of uteru 
Superior vesieal artery 

Inferior vesieal and 
vaginal arteries within 
paracolpium 


Dreter 



Suspensory ligament 
of ovary 


Ovarian artery 

External lliae artery and vei 
Internal iliae artery and vei 

Hypogastrie sheath 


Rectum 


Retroreetal (presaeral) spae 


LateralJ ligaments 

Inferior epigastrie 
vessels 

Deep inguinal ring 

Vesieoeervieal 
(vesieovaginal) spaee 

Superior faseia of levator ani 
Tendinous areh of levator ani 

Tendinous areh of pelvie faseia 

Obturator vessels 
Obturator faseia 

Gardinal (transverse eervieal) 
ligament 

lliae faseia 

Psoas faseia 
Psoas muscle 

Dterine artery 
Dterosaeral ligament 

Middle reetal artery 

Reetosaeral faseia (lateral reetal faseia) 

Presaeral faseia (lateral reetal faseia) 


Reetovaginal spaee 


Sacrum 


(A) Superior view 

' k 


Dterosaeral 

ligament 


Obturator internus 
muscle 


Cervix 


Levator ani 



Paracolpium 


Tendinous areh 
of levator ani 

Tendinous areh 
of pelvie faseia 


* isehial spine 


Rectum 

eardinal (transverse 
eervieal) ligament 


Dndistended 
(transversely flattened) 
vagina within 
uterovaginal faseia 

Neek of bladder 


Lateral ligament 
of urinary bladder 


(B) Left anterolateral view 

FIGIJRE 3.14. Pelvie faseial ligaments. A. Peritoneum and loose areolar endopelvie faseia have been removed to demonstrate the pelvie faseial ligaments 
found inferior to the peritoneum but superior to the female pelvie fìoor (pelvie diaphragm). The tendinous areh of the levator ani is a thiekening of the obtu- 
rator (parietal) faseia, providing the anterolateral attaehment of the levator ani. The tendinous areh of the pelvie faseia (highlighted mgreen) is a thiekening 
at the point of refìeetion of parietal membranous faseia onto the pelvie viseera, where it beeomes viseeral membranous faseia. B. Faseial ligaments support- 
ing the vagina and cervix of the uterus. Sinee the posterior part of the urinary bladder rests on the anterior wall of the vagina, the paracolpium 
supports the vagina and contributes to the support of the bladder. 
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In addition to the isehio-anal fossae inferior to the pelvie 
diaphragm (i.e., in the perinenm) (Fig. 3.13A & C), there 
is a snrgieally important potential pelvireetal spaee in the 
loose extraperitoneal eonneetive tissne snperior to the pel- 
vie diaphragm (Fig. 3.13D). It is divided into anterior reeto- 
nterìne (female) or reetovesieal (male) spaees and posterior 


retroreetal (presaeral) spaees by the reetosaeral (lateral 
reetal) ligaments, which are the posterior laminae of the 
hypogastrie sheaths. These ligaments eonneet the reetnm to 
the parietal pelvie faseia at the S2-S4 levels (Fig. 3.13B & 
D). The middle reetal arteries and reetal nerve plexuses are 
embedded in the lateral reetal ligaments. 


PELVie GAVITY 
Injury to Pelvie Floor 

Dnring ehildbirth, the pelvie floor snpports the fetal 
head while the cervix of the nterns is dilating to per- 
mit delivery of the fetns. The perinenm, levator ani, 
and ligaments of the pelvie faseia may be injnred dnring 
ehildbirth (Fig. B3.5A). The pnboeoeeygens and pnboreeta- 
lis, the main and most medial parts of the levator ani, are the 


mnseles torn most often (Fig. B3.5B). These parts of the 
mnsele are important beeanse they eneirele and snpport the 
nrethra, vagina, and anal eanal. Weakening of the levator ani 
and pelvie faseia (e.g., tearing of the paraeolpinm) from 
stretehing or tearing dnring ehildbirth, may deerease snpport 
for the vagina, bladder, nterns, or reetnm, or alter the posi- 
tion of the neek of the bladder and the nrethra. These 
ehanges may eanse nrinary stress ineontinenee, eharaeter- 
ized by dribbling of nrine when intra-abdominal pressnre is 




(A) Lithotomy position 



Tear of pubococcygeus 


(B) Lithotomy position 


FIGUREB3.5. 
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raised during coughing and lifting, for instanee, or lead to the 
prolapse of one or more pelvie organs (see the blue box 
“Gystoeele—Hernia of Bladder” on p. 373). 


Prenatal “Relaxation” Training for 
Partieipatory Childbirth 



Parents wishing to partieipate aetively in the birth 
of their baby may take prenatal training (e.g., 
Lamaze elasses) that, among other things, attempts 


to train women to learn how to relax volnntarily the mnseles 
of the pelvie floor while simultaneously inereasing intra- 
abdominal pressnre throngh eontraetion of the diaphragm 
and anterolateral abdominal wall mnseles. The aim of this 
method is to faeilitate passage of the fetus through the birth 
eanal, aetively pnshing (“bearing down”) to aid the nterine 
eontraetions that expel the baby without providing resistanee 
(and perhaps minimizing obstetrieal tearing) eansed by eon- 
traetion of the pelvie mnseles. Except when defeeating or 
nrinating, the natnral reflex is to eontraet pelvie musculature 
in response to inereased intra-abdominal pressnre. 


The Bottom Lìne 

PELVie GAVITY, PELVIG PERITONEUM, AND PELVIG FASGIA 


Pelvìe eavìty: The pelvie eavity, between the pelvie inlet 
superiorly and the pelvie diaphragm inferiorly, eontains the 
terminal parts of the urinary and alimentary systems, the inter- 
nal genital organs, the assoeiated vascular structures, and the 
nerves supplying both the pelvis and lower limbs. ♦ The pubic 
symphysis and bones of the lesser pelvis bound the eavity; they 
do so direetly in the region of the midline anteriorly and pos- 
terosuperiorly. ♦ The lateral walls are padded by the obturator 
internus muscles. ♦ The sacrotuberous and sacrospinous liga- 
ments form the greater seiatie foramen in the posterolateral 
walls. This foramen is filled by the structures that traverse it, 
including the piriformis muscle. ♦ The dynamie floor of the 
pelvie eavity is the hammoek-like pelvie diaphragm, eomposed 
of the levator ani and coccygeus muscles. ♦ The levator ani 
is a tripartite, funnel-shaped muscular sheet formed by the 
puborectalis, pubococcygeus, and iliococcygeus muscles. ♦ In 
addition to the levator’s general role of supporting abdomino- 
pelvie viseera as part of the pelvie diaphragm, the puborectalis 
is particularly involved in maintaining feeal eontinenee. ♦ The 
abilityofthe musculofascial pelvie floor to relaxand distend is 
eritieal to the fijnetions of defeeation and parturition. 

Perìtoneum: The peritoneum liningthe abdominal eav- 
ity continues into the pelvie eavity, refleeting onto the superior 
aspeets of most pelvie viseera (only the lengths of the uterine 
tubes, but not their free ends, are fully intraperitoneal and have 
a mesentery). In so doing, the peritoneum ereates a numberof 
folds and fossae. ♦ Because the peritoneum is not firmly bound 
to the suprapubic abdominal wall, the bladder is able to expand 
between the peritoneum and the anterior abdominal wall as it 
fills, elevatingthe supravesical fossae. ♦ The reetovesieal pouch 


and its lateral extensions, the parareetal fossae, are the inferi- 
ormost extents ofthe peritoneal eavity in males. ♦ In females, 
the uterus is loeated between the bladder and rectum, ereating 
uterovesical and recto-uterine pouches. ♦ The lateral exten- 
sions of the peritoneal fold engulfing the uterine fundus form 
the broad ligament, a transverse duplication of peritoneum 
separating the paravesieal and parareetal fossae. ♦ The reeto- 
uterine fossa and its lateral extensions, the parareetal fossae, 
are the inferiormost extents of the peritoneal eavity in females. 

Pelvìe faseìa: Membranous parietal pelvie faseia, eon- 
tinuous with the faseia lining the abdominal eavity, lines the 
pelvie walls and refìeets onto the pelvie viseera as pelvie viseeral 
faseia. ♦ The right and left lines of refìeetion are thiekened 
into paramedian faseial bands extending from pubis to coccyx, 
the tendinous arehes of the pelvie faseia. ♦ The subperitoneal 
spaee between the parietal and viseeral pelvie faseias is occu- 
pied with fatty endopelvie faseia. This faseial matrix has loose 
areolar portions, occupying potential spaees, and eondensed 
fibrous tissue, surrounding neurovascular structures in transit 
to the viseera while also tethering (supporting) the viseera. 

♦ The two portions of endopelvie faseia are indistinet in 
appearanee but have distinetly different textures. ♦ The pri- 
mary faseial eondensations form the hypogastrie sheaths 
along the posterolateral pelvie walls. ♦ As these faseial sheaths 
extend toward the viseera, three laminae are formed, including 
the lateral ligament of the bladder anteriorly and the lateral 
reetal ligaments posteriorly. ♦ In females, the middle lamina 

is the eardinal ligament that passively supports the vagina and 
uterine cervix, while eonveying their neurovasculature. 

♦ In males, the middle lamina is the reetovesieal septum. 


NEUROVASCUliAR STRUCTURES 
OF PELVIS 

The major neurovascular structures of the pelvis lie extra- 
peritoneally against the posterolateral walls. The somatie 


nerves lie laterally (adjaeent to the walls), with the vasenlar 
strnetnres medial to them. Generally, the veins are lateral to 
the arteries (Fig. 3.15). Pelvie lymph nodes are mostly elns- 
tered aronnd the pelvie veins, the lymphatie drainage often 
paralleling venons flow. In disseeting from the pelvie eavity 
toward the pelvie walls, the pelvie arteries are eneonntered 
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eommon iliae artery 


Dreter 


Testicular artery 

Testicular veins 
Psoas faseia 
External iliae artery 

External iliae vein 
Superior vesieal arteries 

Medial umbilical fold 

Ductus deferens 
Artery to ductus deferens 

Dmbilieal artery (obliterated) 

Anomalous 
obturator vein and artery 

Obturator nerve 

Obturator vein 
Peritoneum 

Medial view symphysis 


Internal iliae artery 
Superior gluteal artery 


Inferior gluteal artery 


Internal pudendal artery 


Sacrum 



Pelvie splanehnie nerves 


Inferior vesieal artery 
Middle reetal artery 

Drinary bladder 

Reetovesieal pouch 

Prostate 


Rectum 


FIGIJRE 3.15. Neurovascular relatìonshìps of pelvis. The neurovascular structures ofthe male pelvis are shown. Generally, the pelvie veins lie between the 
pelvie arteries (which lie medially or internally), and the somatie nerves (which lie laterally or externally). 


first, follovved by the assoeiated pelvie veins, and then the 
somatie nerves of the pelvis. 

Pelvie Arteries 

The pelvis is riehly snpplied with arteries, among which 
mnltiple anastomoses oeenr, providing an extensive eollat- 
eral eirenlation. Information eoneerning the origin, eonrse, 
distribntion, and anastomoses of the arteries of the pelvis is 
provided in Fignre 3.16 and Table 3.4. The following text 
provides additional information not provided in the table. 

Six main arteries enter the lesser pelvis of females: the 
paired internal iliae and ovarian arteries, and the nnpaired 
median saeral and snperior reetal arteries. Sinee the testie- 
nlar arteries do not enter the lesser pelvis, only fonr main 
arteries enter the lesser pelvis of males. 

INTERNALILIAG ARTERY 

The internal iliae artery is the prineipal artery of the pelvis, 
snpplying most of the blood to the pelvie viseera and some to 
the mnsenloskeletal part of the pelvis; however, it also snp- 
plies branehes to the glnteal region, medial thigh regions, 
and the perinenm (Fig. 3.15). 

Eaeh internal iliae artery, approximately 4 em long, begins 
as the eommon ìlìae artery and bifnreates into the internal 
and external iliae arteries at the level of the IV dise between 
the L5 and S1 vertebrae. The nreter erosses the eommon 
iliae artery or its terminal branehes at or immediately distal 
to the bifnreation. The internal iliae artery is separated from 
the saero-iliae joint by the internal iliae vein and the Inm- 
bosaeral trnnk. It deseends posteromedially into the lesser 
pelvis, medial to the external iliae vein and obtnrator nerve, 
and lateral to the peritonenm. 


Anterìor Dìvísion of Internal lliae Artery. Althongh 
variations are eommon, the internal iliae artery nsnally 
ends at the snperior edge of the greater seiatie foramen by 
dividing into anterior and posterior divisions (trnnks). The 
branehes of the anterior division of the internal iliae 
artery are mainly viseeral (i.e., they snpply the bladder, 
reetnm, and reprodnetive organs), bnt they also inelnde 
parietal branehes that pass to the thigh and bnttoeks 
(Fig. 3.17A & B). The arrangement of the viseeral branehes 
is variable. 

IJmbílíeal Arteiy. Before birth, the nmbilieal arteries 
are the main eontinnation of the internal iliae arteries, pass- 
ing along the lateral pelvie wall and then aseending the ante- 
rior abdominal wall to and throngh the nmbilieal ring into 
the nmbilieal eord. 

Prenatally, the nmbilieal arteries eondnet oxygen- and 
nntrient-defieient blood to the plaeenta for replenishment. 
When the nmbilieal eord is ent, the distal parts of these 
vessels no longer fnnetion and beeome oeelnded distal 
to branehes that pass to the bladder. The oeelnded parts 
form fibrons eords ealled the medial nmhilieal ligaments 
(Figs. 3.16 and 3.17A & B). The ligaments raise folds of peri- 
tonenm {medial nmhilieal folds) on the deep snrfaee of the 
anterior abdominal wall (see Ghapter 2). 

Postnatally, the patent parts of the nmhilieal arteries rnn 
antero-inferiorly between the nrinary bladder and the lateral 
wall of the pelvis. 

Obturator Artery. The origin of the obturator artery 

is variable; nsnally it arises elose to the origin of the nmbili- 
eal artery, where it is erossed by the nreter. It rnns antero- 
inferiorly on the obtnrator faseia on the lateral wall of the 
pelvis, and passes between the obtnrator nerve and vein 

(Figs. 3.16 and 3.17A & B). 
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Circunnflex iliae artery 


Iliolumbar artery 


External iliae artery 


Anterior division of 
internal iliae artery 


Inferior epigastrie artery 


Pubic braneh 


Obturator artery 


Pubic braneh 


Dmbilieal artery 


Dterine artery (9) 


Internal pudendal 
artery 


Profunda femoris artery 


Medial (or lateral) 
circumflex femoral artery 


Gonadal artery: 

(Ovarian artery 9) 
(Testicular artery d) 


4th (lowest) 
lumbar artery 



Abdominal aorta 


Inferior mesenterie artery 


Superior reetal artery 


Gommon iliae artery 


Median saeral artery 


Superior and inferior 
lateral saeral arteries 

Superior gluteal artery 


Inferior gluteal artery 


Middle reetal artery 

Inferior reetal artery 

Vaginal artery (9) 
(Inferior vesieal artery <5) 


Gommonly arise from a posterior 
division of the internal iliae artery, 
not occurring in this individual. 
See Fig. 3.17. 


FIGIJRE 3.16. Arteries and arterial anastomoses in pelvis. The origins, courses, and distribution ofthe arteries and the arterial anastomoses formed are 
deseribed in Table 3.4. 


Within the pelvis, the obtnrator arteiy gives off mnsenlar 
branehes, a nntrient artery to the ilinm, and a pnbie braneh. 
The pubic braneh arises jnst before the obtnrator artery 
leaves the pelvis. It aseends on the pelvie snrfaee of the pnbis 
to anastomose with its fellow of the opposite side, and the 
puhic hraneh of the inferior epigastrie artery, a braneh of the 
external iliae artery. 

In a eommon variation (20%), an aberrant or aeeessory 
obtnrator artery arises from the inferior epigastrie artery 
and deseends into the pelvis along the nsnal ronte of the 
pnbie braneh (Figs. 3.15 and 3.16). Snrgeons performing 
hernia repairs mnst keep this eommon variation in mind. The 
extrapelvic distribntion of the obtnrator artery is deseribed 
with the lower limb. 

Inferìor Vesìeal Artery. The inferior vesieal artery 

oeenrs only in males (Figs. 3.16 and 3.17A), being replaeed 
by the vaginal artery in females (Figs. 3.16 and 3.17B). 


IJteríne Artery. The nterine artery is an additional 
braneh of the internal iliae artery in females, nsnally arising 
separately and direetly from the internal iliae artery (Figs. 3.16 
and 3.17B). It may arise from the nmbilieal artery. Develop- 
mentally, it is the homolog of the artery to the dnetns deferens 
in the male. It deseends on the lateral wall of the pelvis, ante- 
rior to the internal iliae artery, and passes medially to reaeh the 
jnnetion of the nterns and vagina, where the cervix (neek) of 
the nterns protrndes into the snperior vagina (Fig. 3.18A & B). 
As it passes medially, the nterine artery passes direetly snpe- 
rior to the nreter. The relationship of nreter to artery is often 
remembered by the phrase “water (nrine) passes under the 
hridge (nterine artery).” On reaehing the side of the cervix, 
the nterine artery divides into a smaller deseending vaginal 
braneh, which snpplies the cervix and vagina, and a larger 
aseending braneh, which rnns along the lateral margin of 
the nterns, snpplying it. The aseending braneh bifnreates into 
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TABLE3.4. ARTERIES OF PELVIS 


Artery 

Origin 

Course | Distribution 

Anastomoses 

Gonadal 

Abdominal aorta 

Deseends retroperitoneally; 



Testicular { 6 ) 

traverses inguinal eanal and 
enters scrotum 

Abdominal ureter, testis, 
and epididymis 

Gremasterie artery, artery 
of ductus deferens 

Ovarian (9) 

erosses pelvie brim, 
deseends in suspensory 
ligamentof ovary 

Abdominal and/or pelvie 
ureter, ovary, and ampul- 
lary end of uterine tube 

Uterine artery via tubal 
and ovarian branehes 

Superior reetal 

Continuation of inferior 
mesenterie artery 

Grosses lefteommon iliae ves- 
sels and deseends into pelvis 
betvveen layers of sigmoid 
mesoeolon 

Superior part of rectum 

Middle reetal artery; 
inferior reetal (internal 
pudendal) artery 

Median saeral 

Posterioraspeetof 
abdominal aorta 

Deseends elose to midline 
over L4 and L5 vertebrae, 
sacrum, and coccyx 

Inferior lumbar vertebrae, 
sacrum, and coccyx 

Lateral saeral artery (via 
medial saeral branehes) 

Internal iliae 

Gommon iliae artery 

Passes medially overpelvie 
brim and deseends into pelvie 
eavity; often forms anteriorand 
posterior divisions 

Main blood supply to pelvie 
organs, gluteal muscles, 
and perineum 


Anterior division 
of internal iliae 

Internal iliae artery 

Passes anteriorly along lateral 
vvall of pelvis, dividing into 
viseeral, obturator, and internal 
pudendal arteries 

Pelvie viseera, muscles of 
superior medial thigh, and 
perineum 


IJmbilieal 

Anterior division of 
internal iliae artery 

(Patent proximal 
umbilical artery) 

(Superior or inferior 
vesieal artery) 

(Inferior vesieal artery) 

Runs a shortpelvie course, 
gives off superior vesieal arter- 
ies, then obliterates, beeoming 
medial umbilical ligament 

S uperior aspeet of urinary 
bladder and, in some 
males, ductus deferens 
(via superior vesieal arter- 
ies and artery to ductus 
deferens) 

(Oeeasionally the patent 
partof the umbilical artery) 

Superior 

vesieal 

Llsually multiple; pass to supe- 
rior aspeet of urinary bladder 

S uperior aspeet of urinary 
bladder; in some males, 
ductus deferens (via artery 
to ductus deferens) 

Inferior vesieal (c3); 
vaginal artery (9) 

Obturator 

Runs antero-inferiorly on obtu- 
ratorfaseia of lateral pelvie 
vvall, exiting pelvis via obtura- 
tor eanal 

Pelvie muscles, nutrient 
artery to ilium, head of 
femur, and muscles of 
medial eompartmentof 
thigh 

Inferior epigastrie (via 
pubic braneh); umbilical 
artery 

Inferior vesieal 
(<?) 

Passes subperitoneally in lat- 
eral ligamentof bladder, giving 
rise to prostatie artery (<3) and 
oeeasionally the artery to the 
ductus deferens 

Inferior aspeet of male uri- 
nary bladder, pelvie partof 
ureter; prostate, and semi- 
nal glands; oeeasionally 
ductus deferens 

Superior vesieal artery 

Artery to 
ductus 
deferens { 6 ) 

Runs subperitoneally to ductus 
deferens 

Ductus deferens 

Testicular artery; eremas- 
terie artery 

Prostatie 
branehes { 6 ) 

Deseends on posterolateral 
aspeets of prostate 

Prostate and prostatie 
urethra 

Deep perineal (internal 
pudendal) 

IJterine (9) 

Runs anteromedially in base 
of broad ligament/superior 
eardinal ligament, gives rise to 
vaginal braneh, then erosses 
ureter superiorly to reaeh lat- 
eral aspeet of uterine cervix 

Uterus, ligaments of uterus, 
medial parts of uterine tube 
and ovary, and superior 
vagina 

Ovarian artery (via tubal 
and ovarian branehes); 
vaginal artery 
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TABLE 3.4. ARTERIES OF PELVIS (Contìnued) 


Artery 

Origin 

Course 

Distribution 

Anastomoses 

Vaginal (?) 

(LJterine artery) 

Anterior division of 
internal iliae artery 

Divides into vaginal and infe- 
riorvesieal branehes, the for- 
mer deseending on the vagina, 
the latter passing to the urinary 
bladder 

Vaginal braneh: lovver 
vagina, vestibular bulb, and 
adjaeent rectum; inferior 
vesieal braneh: fundus of 
urinary bladder 

Vaginal braneh of uterine 
artery, superior vesieal 
artery 

Internal 

pudendal 

Exits pelvis via infrapiriform 
part of greater seiatie foramen, 
enters perineum (isehio-anal 
fossa) via lesser seiatie fora- 
men, passes via pudendal 
eanal to UG triangle 

Main artery of perineum, 
including muscles and skin 
of anal and urogenital tri- 
angles, ereetile bodies 

(Umbilical artery; prostatie 
branehes of inferior vesi- 
eal artery in males) 

Middle reetal 

Deseends in pelvis to inferior 
partof rectum 

Inferior part of rectum, 
seminal glands, prostate 
(vagina) 

Superiorand inferior reetal 
arteries 

Inferior gluteal^ 

Exits pelvis via infrapiriform 
part of greater seiatie foramen 

Pelvie diaphragm (eoeeyg- 
eus and levator ani), piri- 
formis, quadratus femoris, 
superiormost hamstrings, 
gluteus maximus, and sei- 
atie nerve 

Profunda femoris artery 
(via medial and lateral 
circumflex femoral 
arteries) 

Posteriordivision 
of internal iliae 

Internal iliae artery 

Passes posteriorly and gives 
rise to parietal branehes 

Pelvie vvall and gluteal 
region 


Iliolumbar^ 

Posterior division of 
internal iliae artery 

Aseends anteriorto saero-iliae 
jointand posteriorto eommon 
iliae vessels and psoas major, 
dividing into iliae and lumbar 
branehes 

Psoas major, iliacus, and 
quadratus lumborum 
muscles; cauda equina in 
vertebral eanal 

Circumflex iliae artery and 
4th (and lovvest) lumbar 
artery 

Lateral saeral 
(superiorand 
inferior) 

Runs on anteromedial aspeet 
of piriformis to send branehes 
into pelvie saeral foramina 

Piriformis, structures in 
saeral eanal, ereetor spi- 
nae, and overlying skin 

Medial saeral arteries 
(from median saeral 
artery) 

Superior gluteal 

Passes betvveen lumbosacral 
trunk and anterior ramus of S1 
spinal nerve to exit pelvis via 
suprapiriform portion of greater 
seiatie foramen 

Piriformis, all three gluteal 
muscles, and tensorfas- 
eiae latae 

Lateral saeral, inferior 
gluteal, internal pudendal, 
deep circumflex femoral, 
lateral circumflex femoral 


^May occur as terminal braneh of posterior division of internal iliae artery. 
‘’Often arises direetly from internal iliae artery, proximal to divisions. 


ovarian and tnbal branehes, which eontinne to snpply the 
medial ends of the ovary and nterine tnbe, and anastomose 
with the ovarian and tnbal branehes of the ovarian artery. 

Vagínal Artery. The vaginal artery is the homolog to 
the inferior vesieal artery in males. It often arises from the ini- 
tial part of the nterine artery instead of arising direetly from 
the anterior division. The vaginal artery snpplies nnmerons 
branehes to the anterior and posterior snrfaees of the vagina 

(Figs 3.16, 3.17B, and 3.18). 

Míddle Reetal Arteiy. The middle reetal artery may 

arise independently from the internal iliae artery, or it may 
arise in eommon with the inferior vesieal artery or the inter- 

nal pndendal artery (Figs. 3.16 and 3.17). 

Internal Pndendal Aitery. The internal pndendal 

artery, larger in males than in females, passes inferolater- 
ally, anterior to the piriformis mnsele and saeral plexus. It 


leaves the pelvis between the piriformis and eoeeygens mns- 
eles by passing throngh the inferior part of the greater seiatie 
foramen. The internal pndendal artery then passes aronnd 
the posterior aspeet of the isehial spine or the saerospinons 
ligament and enters the isehio-anal fossa throngh the lesser 
seiatie foramen. 

The internal pndendal artery, along with the internal 
pndendal veins and branehes of the pndendal nerve, passes 
throngh the pndendal eanal in the lateral wall of the isehio- 
anal fossa (Fig. 3.11B). As it exits the pndendal eanal, medial 
to the isehial tnberosity, the internal pndendal artery divides 
into its terminal branehes, the perineal artery and dorsal 
arteries of the penis or elitoris. 

Inferíor Glnteal Arteiy. The inferior glnteal artery is 
the larger terminal braneh of the anterior division of the inter- 
nal iliae artery (Fig. 3.18A), bnt may arise from the posterior 
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eomnnon iliae artery 


Internal iliae artery 
External iliae artery 

Obturator artery 

Deep circumflex 
iliae artery 

Inferior epigastrie artery 


Medial umbilical ligament 
(obliterated umbilical artery) 

Superior vesieal arteries 

Drinary bladder 
Prostate 


(A) Arteries of male pelvis 
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(B) Arterles of female pelvls 
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FIGURE3.17. Arteries of pelvis. Anterior divisions of the internal iliae arteries usually supply most of the blood to pelvie structures. 


Anterior division of 
internal iliae artery 


Dterine artery 

Inferior 
gluteal artery 


\/aginal braneh 
of uterine artery 


\/aginal artery 


Internal 
pudendal artery 


Aseending 

braneh 


Uterus 
Uterine tube 



\/agina 


Urethra 


Ovarian 

artery 


Ovary 


Tubal branehes -i 

Ovarian 
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Ureter 
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\/aginal braneh 
\/aginal artery 

Cervix of uterus 
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Aseending 
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Uterus 



(A) Lateral vlew 


(B) Anterlor vlew 


FIGURE 3.18. Uterine and vaginal arteries. A. The origin ofthe arteries from the anterior division ofthe internal iliae artery and distribution to the uterus 
and vagina are shovvn. B.The anastomoses between the ovarian and tubal branehes ofthe ovarian and uterine arteries and between the vaginal braneh 
of the uterine artery and the vaginal artery provide potential pathways of eollateral circulation. These communications occur, and the aseending braneh 
courses, between the layers of the broad ligament. 
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division (Fig. 3.17). It passes posteriorly between the saeral 
nerves (nsnally S2 and S3), and leaves the pelvis throngh the 
inferior part of the greater seiatie foramen, inferior to the 
piriformis mnsele (Fig. 3.16). It snpplies the mnseles and skin 
of the bnttoek, and the posterior snrfaee of the thigh. 

Posteríor Dìvísìon of Internal lliae Artery. When the 
internal iliae artery divides into anterior and posterior divi- 
sions, the posterior division typieally gives rise to the follow- 
ing three parietal arteries (Fig. 3.17A & B): 

• Iliolumbar artery; This artery rnns snperolaterally in a 
reenrrent fashion (tnrning sharply backward relative to 
its sonree) to the iliae fossa. Within the fossa, the artery 
divides into an iliae hraneh, which snpplies the iliaens 
mnsele and ilinm, and a Inmhar hraneh, which snpplies 
the psoas major and quadratus Inmbornm mnseles. 

• Lateral saeral arteries; Snperior and inferior lateral 
saeral arteries may arise as independent branehes or via 
a eommon trnnk. The lateral saeral arteries pass medially 
and deseend anterior to the saeral anterior rami, giving off 
spinal hranehes, which pass throngh the anterior saeral 
foramina, and snpply the spinal meninges enelosing the 
roots of the saeral nerves. Some branehes of these arter- 
ies pass from the saeral eanal throngh the posterior saeral 
foramina and snpply the ereetor spinae mnseles of the 
baek and the skin overlying the saernm. 

• Superior gluteal artery; The largest braneh of the pos- 
terior division, the snperior glnteal artery snpplies the gln- 
teal mnseles in the bnttoeks. 

OVARIAN ARTERY 

The ovarian artery arises from the abdominal aorta infe- 
rior to the renal artery bnt eonsiderably snperior to the infe- 
rior mesenterie artery (Fig. 3.16). As it passes inferiorly, the 
ovarian artery adheres to the parietal peritonenm and rnns 
anterior to the nreter on the posterior abdominal wall, nsn- 
ally giving branehes to it. As the ovarian artery enters the 
lesser pelvis, it erosses the origin of the external iliae vessels. 
It then rnns medially, dividing into an ovarian braneh and 
a tubal braneh, which snpply the ovary and nterine tnbe, 
respeetively (Fig. 3.18B). These branehes anastomose with 
the eorresponding branehes of the nterine artery. 

MEDIAN SAGRAL ARTERY 

The median saeral artery is a small nnpaired artery that 
nsnally arises from the posterior snrfaee of the abdominal 
aorta, jnst snperior to its bifnreation, bnt it may arise from its 
anterior snrfaee (Fig. 3.16). This vessel rnns anterior to the 
bodies of the last one or two Inmbar vertebrae, the saernm, 
and the coccyx, its terminal branehes partieipating in a series 
of anastomotie loops. Before the median saeral artery enters 
the lesser pelvis, it sometimes gives rise to a pair of L5 arteries. 

As it deseends over the saernm, the median saeral artery 
gives off small parietal (lateral saeral) branehes that anasto- 
mose with the lateral saeral arteries. It also gives rise to small 


viseeral branehes to the posterior part of the reetnm, which 
anastomose with the snperior and middle reetal arteries. The 
median saeral artery represents the eandal end of the embry- 
onie dorsal aorta, which redneed in size as the tail-like eandal 
eminenee of the embryo disappeared. 

SUPERIOR REGTAL ARTERY 

The superior reetal artery is the direet eontinnation of the 
inferior mesenterie artery (Fig. 3.16). It erosses the left eom- 
mon iliae vessels and deseends in the sigmoid mesoeolon to 
the lesser pelvis. At the level of the 83 vertebra, the snperior 
reetal artery divides into two branehes, which deseend on 
eaeh side of the reetnm and snpply it as far inferiorly as the 
internal anal sphineter. 

Pelvie Veins 

Pelvie venous plexuses are formed by the interjoining 
veins snrronnding the pelvie viseera (Fig. 3.19B & C). These 
intereommnnieating networks of veins are elinieally impor- 
tant. The varions plexuses within the lesser pelvis (reetal, 
vesieal, prostatie, nterine, and vaginal) nnite and are drained 
mainly by tribntaries of the internal iliae veins, bnt some of 
them drain throngh the snperior reetal vein into the inferior 
mesenterie vein of the hepatie portal system (Fig. 3.19A), or 
throngh lateral saeral veins into the internal vertehral venons 
plexus (see Ghapter 4). Additional relatively minor paths of 
venons drainage from the lesser pelvis inelnde the parietal 
median saeral vein and, in females, the ovarian veins. 

The internal iliae veins form snperior to the greater sei- 
atie foramen and lie postero-inferior to the internal iliae arter- 
ies (Fig. 3.19A & B). Tribntaries of the internal iliae veins are 
more variable than the branehes of the internal iliae artery 
with which they share names, bnt ronghly aeeompany them, 
draining the same territories that the arteries snpply. How- 
ever, there are no veins aeeompanying the nmbilieal arteries 
between the pelvis and the nmbiliens, and the iliolnmbar 
veins from the iliae fossae of the greater pelvis nsnally drain 
into the eommon iliae veins instead. The internal iliae veins 
merge with the external iliae veins to form the eommon iliae 
veins, which nnite at the level of vertebra L4 or L5 to form 
the inferior vena eava (Fig. 3.19A). 

The snperior glnteal veins, the aeeompanying veins 
(L. venae eomitantes) of the snperior glnteal arteries of the 
glnteal region, are the largest tribntaries of the internal iliae 
veins except dnring pregnaney, when the nterine veins beeome 
larger. Testienlar veins traverse the greater pelvis as they pass 
from the deep ingninal ring toward their posterior abdominal 
terminations bnt do not nsnally drain pelvie strnetnres. 

The lateral saeral veins often appear disproportionately 
large in angiographs. They anastomose with the internal ver- 
tebral venons plexus (Ghapter 4), providing an alternate eol- 
lateral pathway to reaeh either the inferior or snperior vena 
eava. It may also provide a pathway for metastasis of prostatie 
or ovarian eaneer eells to vertebral or eranial sites. 
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FIGURE3.19. Pelvìe veìns. A. The female (right) and male {left) patterns of hepatie portal and systemie (vena eaval) venous systems of the abdominopel- 
vie eavity are shovvn. Venous drainage from pelvie organs fìovvs mainly to the eaval system via the internal iliae veins. The superior rectum normally drains 
into the hepatie portal system, although the superior reetal veins anastomose vvith the middle and inferior reetal veins, vvhieh are tributaries ofthe internal 
iliae veins. The female (B) and male (C) pelvie veins and venous plexuses are demonstrated. 


Lymph Nodes of Pelvìs 

The lymph nodes reeeiving lymph drainage from pelvie 
organs are variable in nnmber, size, and loeation. Dividing 
them into defìnite gronps is often somewhat arbitrary. Fonr 
primary gronps of nodes are loeated in or adjaeent to the 


pelvis, named for the blood vessels with whieh they are asso- 
eiated (Fig. 3.20): 

• Extemal iliae lymph nodes; lie above the pelvie brim, 
along the evtemal iliae vessels. They reeeive lymph mainly 
from the ingninal lymph nodes; however, they reeeive lymph 
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FIGIJRE 3.20. Lymph nodes of pelvìs. 


from pelvie viseera, espeeially the superior parts of the mid- 
dle to anterior pelvie organs. Whereas most of the lymphatie 
drainage from the pelvis tends to parallel rontes of venons 
drainage, the lymphatie drainage to the extemal iliae nodes 
does not. These nodes drain into the eommon iliae nodes. 

• Internal iliae lymph nodes; elnstered around the ante- 
rior and posterior divisions of the internal iliae artery and 
the origins of the gluteal arteries. They reeeive drainage 
from the inferior pelvie viseera, deep perineum, and gln- 
teal region and drain into the eommon iliae nodes. 

• Saeral lymph nodes; lie in the eoneavity of the saernm, 
adjaeent to the median saeral vessels. They reeeive lymph 
from postero-inferior pelvie viseera and drain either to 
internal or eommon iliae nodes. 

• Gommon iliae lymph nodes; lie superior to the pelvie 
brim, along the eommon iliae blood vessels (Fig. 3.20), 
and reeeive drainage from the three main gronps listed 
above. These nodes begin a eommon ronte for drainage 
from the pelvis that passes next to the Inmbar (eavaFaor- 
tie) nodes. Ineonstant direet drainage to the eommon iliae 
nodes oeenrs from some pelvie organs (e.g., from the neek 
of the bladder and inferior vagina). 

Additional minor gronps of nodes (e.g., the parareetal 
nodes) oeenpy the eonneetive tissue along the branehes of 
the internal iliae vessels. 

Both primary and minor gronps of pelvie nodes are highly 
intereonneeted, so that many nodes ean be removed without 
distnrbing drainage. The intereonneetions also allow eaneer to 
spread in virtnally any direetion, to any pelvie or abdominal vis- 
ens. While the lymphatie drainage tends to parallel the venons 
drainage (except for that to the external iliae nodes, where 


proximity provides a rongh gnide), the pattern is not snffieiently 
predietable to allow the progress of metastatie eaneer from pel- 
vie organs to be antieipated or staged in a manner eomparable 
to that of breast eaneer progressing thongh the axillary nodes. 
Lymphatie drainage from the speeifìe pelvie organs is deseribed 
following the deseription of the pelvie viseera (p. 400). 

Pelvie Nerves 

The pelvis is innervated mainly by the saeral and eoeeygeal 
spinal nerves and the pelvie part of the antonomìe nervons 
system. The piriformis and eoeeygens mnseles form a bed 
for the saeral and eoeeygeal nerve plexuses (Fig. 3.21). The 
anterior rami of the S2 and S3 nerves emerge between the 
digitations of these mnseles. 

OBTURATOR NERVE 

The ohtnrator nerve arises from the anterior rami of spinal 
nerves L2-L4 of the Inmhar plexus in the abdomen (greater 
pelvis) and enters the lesser pelvis. It rnns in the extraperi- 
toneal fat along the lateral wall of the pelvis to the ohtnrator 
eanal, an opening in the obtnrator membrane that othenvise 
fìlls the obtnrator foramen. Here it divides into anterior and 
posterior parts, which leave the pelvis throngh this eanal and 
supply the medial thigh mnseles. No pelvie strnetnres are 
supplied by the obtnrator nerve. 

LUMBOSACRAL TRUNK 

At or immediately snperior to the pelvie brim, the deseending 
part of the L4 nerve nnites with the anterior ramns of the L5 
nerve to form the thiek, eord-like lumbosacral tmnk (see Figs. 
3.9D, 3.21, and 3.22). The trnnk passes inferiorly, on the ante- 
rior snrfaee of the ala of the saernm, and joins the saeral plexus. 

SAGRAL PLEXUS 

The plexus is demonstrated in Fignre 3.22, and the segmen- 
tal eomposition and distribntion of the nerves derived from 
it are listed in Table 3.5. The following text provides addi- 
tional information abont the formation of the nerves and 
their eonrses. 

The saeral plexus is loeated on the posterolateral wall 
of the lesser pelvis. The two main nerves arising from the 
saeral plexus, the seiatie and pndendal nerves, lie external to 
the parietal pelvie faseia. Most branehes of the saeral plexus 
leave the pelvis throngh the greater seiatie foramen. 

The seiatie nerve is the largest nerve in the body. It is formed 
as the large anterior rami of spinal nerves L4-S3 eonverge on the 
anterior snrfaee of the piriformis (Figs. 3.21 and 3.22). As it is 
formed, the seiatie nerve passes throngh the greater seiatie fora- 
men, nsnally inferior to the piriformis, to enter the glnteal region. 
It then deseends along the posterior aspeet of the thigh to snpply 
the posterior aspeet of the thigh and the entire leg and foot. 

The pudendal nerve is the main nerve of the perinenm 
and the ehief sensory nerve of the external genitalia. 























358 


ehapter 3 Pelvis and Perineum 


Iliolunnbar artery 


Internal iliae artery and vein 


Rami communicantes 


Lumbosacral trunk 


Obturator nerve 
Superior gluteal nerve 


Internal pudendal artery 


Nerve to quadratus femoris 


Seiatie nerve 
Nerve to obturator internus 


Inferior gluteal artery 
Pudendal nerve 


Pelvie splanehnie nerves 


Nerves to levator ani and coccygeus 


Medial view from left 



Sympathetie trunk and ganglion 


Lateral saeral artery 


Nerves to piriformis 


Median saeral artery 


Saeral plexus 


Coccygeus 


Saeroeoeeygeal joint 


Co (eoeeygeal) 


Coccygeal plexus 


Anterior rami of spinal nerves 


Anoeoeeygeal nerves 


FIGURE 3.21. Nerves and nerve plexuses of pelvis. Somatie nerves (saeral and eoeeygeal nerve plexuses) and the pelvie (saeral) part ofthe sympathetie trunk 
are shovvn. Although loeated in the pelvis, most ofthe nerves seen here are involved vvith the innervation ofthe lovver limb ratherthan the pelvie structures. 


Aeeompanied by the internal pndendal artery, it leaves 
the pelvis throngh the greater seiatie foramen betvveen the 
piriformis and eoeeygens mnseles. It then hooks aronnd 
the isehial spine and saerospinons ligament and enters the 
perinenm throngh the lesser seiatie foramen (Fig. 3.22). 

The snperior glnteal nerve leaves the pelvis throngh the 
greater seiatie foramen, snperior to the piriformis to snpply 
mnseles in the glnteal region (Figs. 3.21 and 3.22). 

The inferior glnteal nerve leaves the pelvis throngh the 
greater seiatie foramen (Fig. 3.22), inferior to the pirifor- 
mis and snperfìeial to the seiatie nerve, aeeompanying the 
inferior glnteal artery. Both break up into several branehes 
that enter the deep surfaee of the overlying gluteus maxi- 
mus musele. 

eoeeYGEAL PLEXUS 

The eoeeygeal plexus is a small network of nerve fìbers 
formed by the anterior rami of S4 and S5 and the eoeeygeal 
nerves (Fig. 3.21). It lies on the pelvie snrfaee of the eoe- 
cygeus and snpplies this muscle, part of the levator ani, and 
the saeroeoeeygeal joint. The anoeoeeygeal nerves arising 
from this plexus pieree the coccygeus and anoeoeeygeal liga- 
ment to supply a small area of skin between the tip of the 
coccyx and the anus. 


PELVie AUTONOMIC NERVES 

Autonomic nerves enter the pelvie eavity via four routes 

(Fig. 3.23): 

• Saeral sympathetie tmnks: primarily provide sympathetie 
innervation to the lower limbs. 

• Peri-arterial plexuses: postsynaptie, sympathetie, vaso- 
motor fìbers to snperior reetal, ovarian, and internal iliae 
arteries and their derivative branehes. 

• Hypogastrie plexuses: most important route by which 
sympathetie fìbers are eonveyed to the pelvie viseera. 

• Pelvie splanehnie nerves: pathway for parasympathetie inner- 
vation of pelvie viseera and deseending and sigmoid eolon. 

The saeral sympathetie tmnks are the inferior eontinn- 
ation of the lumbar sympathetie trunks (Figs. 3.21 and 3.23). 
Eaeh of the saeral trunks is diminished in size from that of the 
lumbar trunks and usually has four sympathetie ganglia. The 
saeral trunks deseend on the pelvie snrfaee of the sacrum just 
medial to the pelvie saeral foramina and eonverge to form the 
small median ganglion impar (eoeeygeal ganglion) anterior 
to the coccyx. The saeral sympathetie trunks deseend poste- 
rior to the rectum in the extraperitoneal eonneetive tissue and 
send eommnnieating branehes (gray rami eommnnieantes) to 
eaeh of the anterior rami of the saeral and eoeeygeal nerves. 
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FIGIJRE 3.22. Somatìe nerves of pelvis—the saeral plexus. 


TABLE3.5. SOMATIG NERVES OF PELVIS 


Nerve 

Origin 

Distribution 

Seiatie 

L4, L5, Sl, S2, S3 

Articular branehes to hip joint and muscular branehes to flexors of knee in thigh and 
all muscles in leg and foot 

Superior gluteal 

L4, L5, S1 

Gluteus medius and gluteus minimus muscles 

Nerve to quadratus femoris 

(and inferior gemellus) 

L4, L5, S1 

Quadratus femoris and inferior gemellus muscles 

Inferior gluteal 

L5, Sl, S2 

Gluteus maximus 

Nerve to obturator internus 

(and superiorgemellus) 

L5, Sl, S2 

Obturator internus and superior gemellus muscles 

Nerve to piriformis 

Sl, S2 

Piriformis muscle 

Posterior cutaneous nerve 
of thigh 

S2, S3 

Cutaneous branehes to buttocks and uppermostmedial and posterior surfaces of 
thigh 

Perforating cutaneous 

S2, S3 

Cutaneous branehes to medial partof buttocks 

Pudendal 

S2, S3, S4 

Structures in perineum: sensory to genitalia; muscular branehes to perineal 
muscles, external urethral sphineter, and external anal sphineter 

Pelvie splanehnie 

S2, S3, S4 

Pelvie viseera via inferior hypogastrie and pelvie plexuses 

Nerves to levator ani and 
coccygeus 

S3, S4 

Levatorani and coccygeus muscles 
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FIGIJRE 3.23. Autonomic nerves of pelvis. The superior hypogastrie plexus is a continuation ofthe aortie plexus that divides into left and right 
hypogastrie nerves as it enters the pelvis. The hypogastrie and pelvie splanehnie nerves merge to form the inferior hypogastrie plexuses, vvhieh thus eonsist of 
both sympathetie and parasympathetie fibers. Autonomic (sympathetie) fibers also enter the pelvis via the sympathetie trunks and peri-arterial plexuses. 


They also send small branehes to the median saeral artery and 
the inferior hypogastrie plexus. The primary fnnetion of the 
saeral sympathetie trnnks is to provide postsynaptie fìbers to 
the saeral plexus for sympathetie (vasomotor, pilomotor, and 
sndomotor) innervation of the lower limb. 

The pen-arterial plexuses of the ovarian, snperior reetal, 
and internal iliae arteries are minor rontes by whieh sympa- 
thetie fìbers enter the pelvis. Their primary fnnetion is vaso- 
motion of the arteries they aeeompany. 

The hypogastrie plexuses (snperior and inferior) are net- 
works of sympathetie and viseeral afferent nerve fìbers. The main 
part of the snperior hypogastrie plexus is a prolongation of the 
intermesenterie plexus (see Ghapter 2), whieh lies inferior to the 
bifnreation of the aorta (Fig. 3.23). It earries fìbers eonveyed to 
and from the intermesenterie plexus by the L3 and L4 splanehnie 
nerves. The snperior hypogastrie plexus enters the pelvis, divid- 
ing into right and left hypogastrie nerves, whieh deseend on 
the anterior snrfaee of the saemm. These nerves deseend lateral 
to the reetnm within hypogastrie sheaths and then spread in a 
fan-like fashion as they merge with the pelvie splanehnie nerves 
to form the right and left inferior hypogastrie plexuses. 

The inferior hypogastrie plexuses thns eontain both 
sympathetie and parasympathetie fìbers as well as viseeral 
afferent fìbers, whieh eontinne throngh the lamina of the 
hypogastrie sheath to the pelvie viseera, npon which they 
form sub-plexuses eolleetively referred to as the pelvie 


plexuses. In both sexes, sub-plexuses are assoeiated with 
the lateral aspeets of the reetnm and inferolateral snrfaees 
of the bladder. In addition, sub-plexuses in the male are also 
assoeiated with the prostate and seminal glands. In females, 
sub-plexuses are also assoeiated with the cervix of the nterns 
and the lateral forniees of the vagina. 

Pelvie splanehnie nerves arise in the pelvis from the 
anterior rami of spinal nerves S2-S4 of the saeral plexus 
(Figs 3.21- 3.23). They eonvey presynaptie parasympathetie 
fìbers derived from the S2-S4 spinal eord segments, which 
make up the saeral outfìow of the parasympathetie (eraniosa- 
eral) nervons system, and viseeral afferent fìbers from eell bod- 
ies in the spinal ganglia of the eorresponding spinal nerves. The 
greatest eontribntion of these fìbers is nsnally from the S3 nerve. 

The hypogastrie/pelvie system of plexuses, reeeiving sympa- 
thetie fìbers via Inmbar splanehnie nerves and parasympathetie 
fìbers via pelvie splanehnie nerves, innervate the pelvie viseera. 
Althongh the sympathetie eomponent largely prodnees vaso- 
motion as elsewhere, here it also inhibits peristaltie eontraetion 
of the reetnm and stimnlates eontraetion of the internal genital 
organs dnring orgasm, prodneing ejaenlation in the male. 

Beeanse the pelvis does not inelnde a entaneons area, pel- 
vie sympathetie fìbers do not prodnee pilomotion or vasomo- 
tion fnnetions. The parasympathetie fìbers distribnted within 
the pelvis stimnlate eontraetion of the reetnm and bladder for 
defeeation and nrination, respeetively. Parasympathetie fìbers 
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in the prostatie plexus penetrate the pelvie floor to reaeh the 
ereetile bodies of the external genitalia, prodneing ereetion. 

VISGERAL AFFERENT INNERVATION IN PELVIS 

Viseeral afferent flbers travel with antonomie nerve flbers, 
althongh the sensory impnlses are eondneted eentrally, ret- 
rograde to the efferent impnlses eonveyed by the antonomie 
flbers. All viseeral afferent flbers eondneting reflexive sensa- 
tion (information that does not reaeh eonseionsness) travel 
with parasympathetie flbers. Thns, in the ease of the pelvis, 
they travel throngh the pelvie and inferior hypogastrie plex- 
nses and the pelvie splanehnie nerves to the spinal sensory 
ganglia of spinal nerves S2-S4. 

The paths followed by viseeral afferent flbers eondneting 
pain from the pelvie viseera differ in terms of eonrse and des- 
tination, depending on whether the visens or part of the visens 
from which the pain is emanating is loeated snperior or inferior 
to the pelvie paìn line. Except in the ease of the alimentary 


eanal, the pelvie pain line eorresponds to the inferior limit of 
the peritonenm (see Table 3.3 flgnres B & C). Intraperitoneal 
abdominopelvie viseera, or aspeets of viseeral strnetnres that 
are in eontaet with the peritonenm, are snperior to the pain 
line; snbperitoneal pelvie viseera or portions of viseera are infe- 
rior to the pain line. In the ease of the alimentary traet (large 
intestine), the pain line does not eorrelate with the perito- 
nenm; the pain line oeenrs in the middle of the sigmoid eolon. 

Viseeral afferent flbers eondneting pain impnlses from 
abdominopelvie viseera snperior to the pain line follow sym- 
pathetie flbers retrograde, aseending throngh hypogastrie/ 
aortie plexuses, abdominopelvie splanehnie nerves, Inmbar 
sympathetie trnnks, and white rami eommnnieantes to reaeh 
eell bodies in the inferior thoraeie/npper Inmbar spinal gan- 
glia. Afferent flbers eondneting pain impnlses from the vis- 
eera or portions of viseera inferior to the pain line follow the 
parasympathetie flbers retrograde throngh the pelvie and 
inferior hypogastrie plexuses and pelvie splanehnie nerves to 
reaeh eell bodies in the spinal sensory ganglia of S2-S4. 


NEUROVASCULAR STRUCTURES 
OF PELVIS 

latrogenie Injnry of IJreters 

INJURY DURING LIGATION OF UTERINE ARTERY 

The faet that the nreter passes immediately inferior 
to the nterine artery near the lateral part of the fornix 
of the vagina is elinieally important. The nreter is in 
danger of being inadvertently elamped (ernshed), ligated, or 
transeeted dnring a hystereetomy (excision of nterns) when 
the nterine artery is ligated and severed to remove the nterns. 
The point at which the nterine artery and nreter eross lies 
approximately 2 em snperior to the isehial spine. 

INJURY DURING LIGATION OF OVARIAN ARTERY 

The nreters are vnlnerable to injnry when the ovarian vessels are 
ligated dnring an ovaneetomy (excision of ovary) beeanse these 
stmetnres are elose to eaeh other as they eross the pelvie brim. 

Lìgation of Internal llìae Artery and 
eollateral Circulation in Pelvis 

Oeeasionally the internal iliae artery beeomes ste- 
notie (the Inmen beeomes narrow) dne to atherosele- 
rotie eholesterol deposit (Fig. B3.6), or is snrgieally 
ligated to eontrol pelvie hemorrhage. Beeanse of the nnmer- 
ons anastomoses between the arterys branehes and adjaeent 
arteries (see Fig. 3.16; Table 3.4), ligation does not stop blood 
flow bnt it does rednee blood pressnre, allowing hemostasis 
(arrest of bleeding) to oeenr. Examples of eollateral pathways 
to the internal iliae artery inelnde the following pairs of anas- 
tomosing arteries: Inmbar and iliolnmbar, median saeral and 


lateral saeral, snperior reetal and middle reetal, and inferior 
glnteal and profnnda femoris artery. Blood flow in the artery is 
maintained, althongh it may be reversed in the anastomotie 
braneh. The eollateral pathways may maintain the blood snp- 
ply to the pelvie viseera, glnteal region, and genital organs. 

Injury to Pelvie Nerves 

Dnring ehildbirth, the fetal head may eompress the 
nerves of the mother’s saeral plexus, prodneing pain 
in the lower limbs. The ohtnrator nerve is vnlnerable 
to injnry dnring snrgery (e.g., dnring removal of eaneerons 
lymph nodes from the lateral pelvie wall). Injnry to this nerve 
may eanse painfnl spasms of the addnetor mnseles of the thigh 
and sensory defleits in the medial thigh region. 

Abdominal aorta 

Stenotie segment of 
right eommon iliae artery 

Left eommon iliae artery 

Median saeral artery 

Superior gluteal artery 
Internal iliae artery 

External iliae artery 

Femoral artery 
Obturator artery 

AP view 

I7GUR£ B3.6. lliae arteriogram. Radiopaque dye vvas injeeted into the 
abdominal aorta in the lumbar region. There is a site of narrovving (stenosis) of 
the right eommon iliae artery {eirdedarea). (Courtesy of Dr. D. Sniderman, Assoei- 
ate Professorof Medieal Imaging, Llniversity ofToronto,Toronto, ON, Ganada.) 
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The Bottom Lìne 


NEUROVASCULAR STRUCTURES OF PELVIS 

Progressing from the pelvie eavity outward, as when dis- 
seeting the pelvis, the retroperitoneal hypogastrie/pelvie 
autonomic nerve plexuses are encountered first (nearest 
the viseera), then pelvie arteries, pelvie veins, and finally the 
pelvie somatie nerves and sympathetie trunks, the latter two 
being adjaeent to the pelvie walls. 

Pelvìe arterìes: Multiple anastomosing arteries provide 
a eollateral circulatory system that helps ensure an adequate 
blood supply to the greater and lesser pelves. Most arterial 
blood is delivered to the lesser pelvis by the internal iliae 
arteries, which eommonly bifurcate into an anterior division 
(providing all the viseeral branehes) and a posterior division 
(usually exclusively parietal). ♦ Postnatally, the umbilical arter- 
ies beeome occluded distal to the origin ofthe superior vesieal 
arteries and, in the male, the arteries to the ductus 
deferens. ♦ The inferior vesieal (males) and vaginal arteries 
(females) supply the inferior bladder and pelvie urethra. The 
inferior vesieal artery also supplies the prostate; the vaginal 
artery supplies the superior vagina. ♦ The uterine artery is 
exclusively female, but both sexes have middle reetal arteries. 

Parietal branehes ofthe anterior division ofthe internal iliae 
in both sexes include the obturator, inferior gluteal, and internal 
pudendal arteries, the main branehes of which arise outside of 
the lesser pelvis. ♦ A elinieally signifieant aberrant obturator 
artery arises from the inferior epigastrie vessels in approximately 
20% ofthe population. ♦ The iliolumbar, superior gluteal, and 
lateral saeral arteries are parietal branehes ofthe posterior divi- 
sion of the internal iliae artery, distributed outside of the lesser 
pelvis. ♦ The iliolumbar artery is a major supplier to structures 
of the iliae fossae (greater pelvis). ♦ The gonadal arteries of 
both sexes deseend into the greater pelvis from the abdominal 
aorta, but only the ovarian arteries enter the lesser pelvis. 

Pelvìe veìns: The venous plexuses assoeiated with and 
named for the various pelvie viseera intercommunicate with 
eaeh other and the internal vertebral (epidural) venous plex- 
uses ofthe vertebral eanal. However, most venous blood exits 
the pelvis via the internal iliae veins. 


Pelvìe lymph draìnage and nodes: Lymphatie drainage 
from the pelvis follows a pattern that mainly, but not eom- 
pletely, follows the pattern of venous drainage through variable 
minorand maJorgroups oflymph nodes, the latter including 
the saeral and internal, external, and eommon iliae nodes. 

♦ Aspeets ofthe anterior to middle pelvie organs, approxi- 
mately at the level of (and including) the roof of the undis- 
tended urinary bladder, drain to the external iliae nodes, 
independent of the venous drainage. ♦ The pelvie lymph nodes 
are highly intereonneeted, so that lymphatie drainage (and 
metastatie eaneer eells) ean pass in almost any direetion, to 
any pelvie or abdominal organ. 

Pelvìe nerves: Somatie nerves within the pelvis form the 
saeral plexus, primarily eoneerned with innervation ofthe lower 
limbs and perineum. ♦ The pelvie portions of the sympathetie 
trunks are also primarily eoneerned with innervation ofthe 
lower limbs. ♦ Autonomic nerves are primarily brought to the 
pelvis via the superior hypogastrie plexus (sympathetie fibers) 
and pelvie splanehnie nerves (parasympathetie fibers), the two 
merging to form the inferior hypogastrie and pelvie plexuses. 

♦ Sympathetie fibers to the pelvis produce vasomotion and 
eontraetion of internal genital organs during orgasm; they also 
inhibit reetal peristalsis. ♦ Pelvie parasympathetie fibers stimu- 
late bladder and reetal emptying and extend to 

the ereetile bodies of the external genitalia to produce ereetion. 

♦ Viseeral afferent fibers travel retrogradely along 

the autonomic nerve fibers. ♦ Viseeral afferents eonveying 
unconscious reflex sensation follow the course of the para- 
sympathetie fibers to the spinal sensory ganglia ofS2-S4, as 
do those transmitting pain sensations from the viseera inferior 
to the pelvie pain line (structures that do not eontaet the peri- 
toneum plus the distal sigmoid eolon and rectum). ♦ Viseeral 
afferent fibers conducting pain from structures superior to 
the pelvie pain line (structures in eontaet with the peritoneum, 
exceptforthe distal sigmoid eolon and rectum) followthe sym- 
pathetie fibers retrogradely to inferior thoraeie and 
superior lumbar spinal ganglia. 


PELVie VISGERA 

The pelvie viseera include the distal parts of the nrinary sys- 
tem and gastrointestinal traet, and the reprodnetive system. 
Althongh the sigmoid eolon and parts of the small bowel 
extend into the pelvie eavity, they are abdominal rather 
than pelvie viseera. The bladder and reetnm—trne pelvie 
viseera—are inferior eontinnations of systems eneonntered 
in the abdomen. Except for featnres related to sharing of 
the male nrethra by the nrinary and reprodnetive traets, and 
physieal relationships to the respeetive reprodnetive organs. 


there are relatively few distinetions between the male and 
female pelvie nrinary and gastrointestinal organs. 

IJrìnary Organs 

The pelvie nrinary organs (Fig. 3.24A) are the: 

• Pelvie portions of the nreters, which earry nrine from the 
kidneys. 

• IJrinary bladder, which temporarily stores nrine. 

• IJrethra, which eondnets nrine from the bladder to the 
exterior. 






ehapter 3 Pelvis and Perineum 


363 


Inferior 


vena eava 


11 th rib 

12th rib 

eomnnon 
iliae artery 

Biforeation 
of eommon 
iliae artery 

Internal 
iliae artery 

External 
iliae 
artery 


Drethra 



Left supra- 
renal gland 

Left kidney 

Dretopelvie 

junction* 

Abdominal 

aorta 

Dreter 

Grossing iliae 
vessels and 
pelvie brim* 



Traversing 

bladder 



(A) Anterior view 


Normal sites of relative 
eonstrietion of ureter 



(B) Anteroposterior view 


Grest of 
ilium 

Ilium 

Dilated 
segment 
of pelvie 
part of 
ureter 

Gontraeted 
segment 
of pelvie 
part of 
ureter 

Drinary 

bladder 


FIGIJRE 3.24. Genito-urinary viseera. A. The course and normal sites 
of relative eonstrietion ofthe ureters. B. Normal intravenous urogram. The 
arrows indieate transient narrovving of the lumina of the ureters resulting 
from peristaltie eontraetion. 


URETERS 

The ureters are muscular tubes, 25-30 em long, that eon- 
neet the kidneys to the nrinary bladder. The nreters are retro- 
peritoneal; their snperior abdominal portions are deseribed 
in ehapter 2. As the nreters eross the bifnreation of the eom- 
mon iliae artery (or the beginning of the external iliae artery), 
they pass over the pelvie brim, thus leaving the abdomen and 
entering the lesser pelvis (Fig. 3.24A & B). The pelvie parts 
of the nreters run on the lateral walls of the pelvis, parallel 
to the anterior margin of the greater seiatie noteh, between 


the parietal pelvie peritonenm and the internal iliae arteries. 
Opposite the isehial spine, they enrve anteromedially, snpe- 
rior to the levator ani, and enter the urinary bladder. The 
inferior ends of the nreters are snrronnded by the vesieal 
venons plexus (Fig. 3.19B & C). 

The nreters pass obliquely throngh the mnsenlar wall of 
the nrinary bladder in an inferomedial direetion, entering the 
onter snrfaee of the bladder approximately 5 em apart, bnt 
their internal openings into the Inmen of the empty bladder 
are separated by only half that distanee. This oblique passage 
throngh the bladder wall forms a one-way “flap valve,” the 
internal pressnre of the fllling bladder eansing the intramnral 
passage to eollapse. In addition, eontraetions of the bladder 
mnsenlatnre aet as a sphineter preventing the reflux of nrine 
into the nreters when the bladder eontraets, inereasing inter- 
nal pressnre dnring mietnrition. Urine is transported down 
the nreters by means of peristaltie eontraetions, a few drops 
being transported at intervals of 12-20 see (Fig. 3.24B). 

In males, the only strnetnre that passes between the nre- 
ter and the peritonenm is the duetus deferens (see Fig. 3.34); 
it erosses the nreter within the nreterie fold of peritonenm. 
The nreter lies posterolateral to the dnetns deferens and 
enters the posterosnperior angle of the bladder, just snperior 
to the seminal gland. 

In females, the nreter passes medial to the origin of the 
nterine artery and eontinnes to the level of the isehial spine, 
where it is erossed snperiorly by the nterine artery (see the 
blne box 'Tatrogenie Injnry of the Ureters” on p. 361). It then 
passes elose to the lateral part of the fornix of the vagina and 
enters the posterosnperior angle of the bladder. 

Arteríal Supply and Venous Drainage of Pelvie Por- 
tion of IJreters. The arterìal supply to the pelvie parts 
of the nreters is variable, with nreterie branehes extending 
from the eommon iliae, internal iliae, and ovarian arteries 
(Fig. 3.25; Table 3.4). The nreterie branehes anastomose 
along the length of the nreter forming a eontinnons blood 
snpply, althongh not neeessarily effeetive eollateral pathways. 
The most eonstant arteries snpplying the terminal parts of the 
nreter in females are branehes of the uterine arteries. The 
sonree of similar branehes in males are the inferior vesieal 
arteries. The blood snpply of the nreters is a matter of great 
eoneern to snrgeons operating in the region (see the blne box 
'Tatrogenie Gompromise of Ureteric Blood Snpply,” p. 373). 

The venous drainage from the pelvie parts of the nreters 
generally parallels the arterial snpply, draining to veins with 
eorresponding names. Lymphatie vessels pass primarily to 
eommon and internal iliae nodes (Fig. 3.20). 

Innervatíon of IJreters. The nerves to the nreters derive 
from adjaeent antonomie plexuses (renal, aortie, snperior and 
inferior hypogastrie—Fig. 3.26). The nreters are primarily 
snperior to the pelvie pain line. Afferent (pain) flbers from the 
nreters follow sympathetie flbers in a retrograde direetion to 
reaeh the spinal ganglia and spinal eord segments of T10-L2 
or L3. JJreterie pain is nsnally referred to the ipsilateral lower 
quadrant of the abdomen, espeeially to the groin (inguinal 
region). See the blue box “Ureteric Calculr on page 373. 
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FIGIJRE 3.25. Blood supply of ureter. Branehes supplyingthe abdomi- 
nal half of the ureter approaeh medially, while those supplying the pelvie 
half approaeh laterally. During surgery, the ureters are avoided and left 
undisturbed when possible. If neeessary, traetion ofthe ureters is applied 
gently and onlytoward the blood supplyto avoid disruption ofthe small 
branehes. 


URINARY BLADDER 

The urinary bladder, a hollow viscus with strong muscu- 
lar walls, is eharaeterized by its distensibility (Fig. 3.27A). 
The bladder is a temporary reservoir for urine, and varies 
in size, shape, position, and relationships aeeording to its 
eontent, and the state of neighboring viseera. When empty, 
the adnlt nrinary bladder is loeated in the lesser pelvis, lying 
partially snperior to and partially posterior to the pubic bones 
(Fig. 3.27B). It is separated from these bones by the potential 
retropnhie spaee (of Retzins) and lies mostly inferior to the 
peritonenm, resting on the pubic bones and pubic symphysis 
anteriorly and the prostate (males) or anterior wall of the 
vagina (females) posteriorly (Fig. 3.27A & B). The bladder is 
relatively free within the extraperitoneal subcutaneous fatty 
tissue, except for its neek, which is held firmly by the lateral 
ligaments of hladder and the tendinons areh of the pelvie 
faseia —espeeially its anterior eomponent, the pnhoprostatie 
ligament in males and the pnhovesieal ligament in females 
(see also Fig. 3.14A). In females, sinee the posterior aspeet 
of the bladder rests direetly upon the anterior wall of the 
vagina, the lateral attaehment of the vagina to the tendinons 
areh of the pelvie faseia, the paraeolpinm, is an indireet 
but important faetor in snpporting the nrinary bladder (see 

Fig. 3.14B; DeLaneey, 1992; Ashton-Miller and DeLaneey, 

2007). 
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FIGIJRE 3.26. Innervation of ureters. Nerve fìbers from the renal, aortie, 
and superior and inferior hypogastrie plexuses extend to the ureter, earry- 
ing viseeral afferent and sympathetie fìbers to the T10-L2(3) spinal sensory 
ganglia and eord segments. Parasympathetie fìbers, from the S2-S4 spinal 
eord segments, are distributed to the pelvie part of the ureter. Extrinsic 
ANS fìbers are not essential for the initiation and propagation of ureteric 
peristalsis. 


In infants and young ehildren, the nrinary bladder is in 
the abdomen even when empty (Fig. 3.28A). The bladder 
nsnally enters the greater pelvis by 6 years of age; however, 
it is not loeated entirely within the lesser pelvis until after 
pnberty. An empty bladder in adnlts lies almost entirely in 
the lesser pelvis, its snperior snrfaee level with the snperior 
margin of the pubic symphysis (Fig. 3.28B). As the bladder 
fills, it enters the greater pelvis as it aseends in the extraperi- 
toneal fatty tissne of the anterior abdominal wall (Fig. 3.27A). 
In some individnals, a fnll bladder may aseend to the level of 
the nmbiliens. 
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FIGIJRE 3.27. Viseera in hemiseeted male and female pelves. A. In this male pelvis, the urinary bladder is distended, as if full. Gompare its relation to 
the anterior abdominal vvall, pubic symphysis, and level of the supravesical fossa to that of the non-distended (empty) bladder in part B. B. In this female 
pelvis, the uterus was seetioned in its own median plane and is depieted as though it eoineided with the median plane of the body, which is seldom the ease 
With the bladder empty, the normal disposition ofthe uterus shown here—bent on itself (antefìexed) at the junction ofthe body and cervix and 
tipped anteriorly (anteverted)—causes its weight to be borne mainly by the bladder. The urethra lies anterior and parallel to the lower half of the vagina. 
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FIGIJRE 3.28. LJrinary bladder and prostatie urethra. A. The bladder of 
an infant lies almost entirely in the abdominal eavity. B. Adult bladder and 
prostate demonstrating their pelvie loeation (inset) and the surfaces of the 
bladder. C. Goronal seetion of urinary bladder and prostate in the plane of 
the prostatie urethra. 


At the end of mietnrition (nrination), the bladder of a 
normal adnlt eontains virtnally no nrine. When empty, the 
bladder is somevvhat tetrahedral (Fig. 3.28B) and externally 
has an apex, body, fnndns, and neek. The bladder s fonr snr- 
faees (snperior, two inferolateral, and posterior) are most 
apparent when viewing an empty, eontraeted bladder that 
has been removed from a eadaver, when the bladder appears 
rather boat shaped. 

The apex of the bladder points toward the snperior 
edge of the pnbie symphysis when the bladder is empty. The 
fundus of the bladder is opposite the apex, formed by the 
somewhat convex posterior wall. The body of the bladder 
is the major portion of the bladder between the apex and the 
fnndns. The fnndns and inferolateral snrfaees meet inferiorly 
at the neek of the bladder. 

The bladder bed is formed by the strnetnres that 
direetly eontaet it. On eaeh side, the pnbie bones and faseia 
eovering the levator ani and the snperior obtnrator internns 
lie in eontaet with the inferolateral snrfaees of the bladder 
(Fig. 3.28C). Only the snperior snrfaee is eovered by peri- 
tonenm. Consequently, in males the fnndns is separated 
from the reetnm eentrally by only the faseial reetovesieal 
septnm and laterally by the seminal glands and ampnllae of 
the dnetns deferentes (Fig. 3.27A). In females the fnndns 
is direetly related to the snperior anterior wall of the vagina 
(Fig. 3.27B). The bladder is enveloped by a loose eonnee- 
tive tissne viseeral faseia. 

The walls of the bladder are eomposed ehiefly of the 
detrusor muscle. Toward the neek of the male bladder, 
the mnsele flbers form the involnntary internal nretbral 
spbineter. This sphineter eontraets dnring ejaenlation 
to prevent retrograde ejaenlation {ejaenlatory reflux) of 
semen into the bladder. Some flbers rnn radially and assist 
in opening the internal nretbral orifiee. In males, the 
mnsele flbers in the neek of the bladder are eontinnons with 
the flbromnsenlar tissne of the prostate, whereas in females 
these flbers are eontinnons with mnsele flbers in the wall of 
the nrethra. 

The nreterie orifiees and the internal nrethral oriflee are 
at the angles of the trigone of the bladder (Fig. 3.28C). 
The nreterie oriflees are eneireled by loops of detrnsor mns- 
enlatnre that tighten when the bladder eontraets to assist in 
preventing reflux of nrine into the nreter. The uvula of the 
bladder is a slight elevation of the trigone; it is nsnally more 
prominent in older men owing to enlargement of the poste- 
rior lobe of the prostate (see Fig. 3.30A). 

Arteríal Supply and Venous Draínage of Bladder. 
The main arteries snpplying the bladder are branehes of the 
internal iliae arteries (see Table 3.4). The snperior vesieal 
arteries snpply anterosnperior parts of the bladder. In males, 
the inferior vesieal arteries snpply the fnndns and neek of 
the bladder. In females, the vaginal arteries replaee the 
inferior vesieal arteries and send small branehes to postero- 
inferior parts of the bladder (see Fig. 3.17B). The obtnrator 
and inferior glnteal arteries also snpply small branehes to 
the bladder. 
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The veins draining blood from the bladder eorrespond 
to the arteries, and are tribntaries of the internal iliae 
veins. In males, the vesieal venons plexus is eontinnons 
with the prostatie venons plexus (see Fig. 3.19C), and the 
eombined plexus eomplex envelops the fnndns of the blad- 
der and prostate, the seminal glands, the dnetns deferen- 
tes, and the inferior ends of the nreters. It also reeeives 
blood from the deep dorsal vein of the penis, which drains 
into the prostatie venons plexus. The vesieal venous 
plexus is the venons network that is most direetly assoei- 
ated with the bladder itself. It mainly drains throngh the 
inferior vesieal veins into the internal iliae veins; however, 
it may drain throngh the saeral veins into the internal 


vertehral venous plexuses. In females, the vesieal venons 
plexus envelops the pelvie part of the nrethra and the neek 
of the bladder, reeeives blood from the dorsal vein of the 
elitoris, and eommnnieates with the vaginal or nterovagi- 
nal venous plexus (Fig. 3.19B). 

Innervation of Bladder. Sympathetie fihers are eon- 
veyed from inferior thoraeie and npper Inmbar spinal eord 
levels to the vesieal (pelvie) plexuses primarily throngh 
the hypogastrie plexuses and nerves, whereas parasympa- 
thetie fìbers from saeral spinal eord levels are eonveyed by 
the pelvie splanehnie nerves and the inferior hypogastrie 
plexus (Fig. 3.29). The parasympathetie fihers are motor 
to the detrnsor mnsele and inhibitory to the internal nre- 
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FIGIJRE 3.29. Innervation of bladder and urethra. Presynaptie sympathetie fibers from theT11-L2 or L3 spinal eord levels involved in innervation ofthe 
bladder, prostate, and proximal urethra pass via lumbar splanehnie nerves to the aortie/hypogastrie system of plexuses, synapsing in the plexuses en route to 
the pelvie viseera. Presynaptie parasympathetie fibers to the bladder arise from neurons in the S2-S4 spinal eord segments and pass from the anterior rami 
of spinal nerves S2-S4 via the pelvie splanehnie nerves and inferior hypogastrie and vesieal (pelvie) plexuses to the bladder. They synapse vvith postsynaptie 
neurons loeated on or near the bladder vvall. Viseeral afferent fibers eonveying refìex information and pain sensation from subperitoneal viseera (inferior to 
the pelvie pain line) follow parasympathetie fibers retrogradely to the S2-S4 spinal ganglia, whereas those conducting pain from the bladder roof (superior 
to the pelvie pain line) follow sympathetie fibers retrogradely to the T11-L2 or L3 spinal ganglia. The pelvie (saeral) sympathetie trunk 
primarily serves the lower limb. The somatie nerves shown here are distributed to the perineum. 
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thral sphineter of the male bladder. Henee, when viseeral 
afferent fibers are stimnlated by stretehing, the bladder eon- 
traets refiexively, the internal nrethral sphineter relaxes (in 
males), and nrine fiows into the nrethra. With toilet train- 
ing, we learn to snppress this refiex when we do not wish 
to void. The sympathetie innervation that stimnlates ejaenla- 
tion simnltaneonsly eanses eontraetion of the internal nre- 
thral sphineter, to prevent refiux of semen into the bladder. 
A sympathetie response at moments other than ejaenlation 
(e.g., self-eonseionsness when standing at the nrinal in front 
of a waiting line) ean eanse the internal sphineter to eontraet, 
hampering the ability to nrinate nntil parasympathetie inhi- 
bition of the sphineter oeenrs. 

Sensoryfihers from most of the bladder are viseeral; refiex 
afferents follow the eonrse of the parasympathetie fibers, as 
do those transmitting pain sensations (sneh as resnlts from 
overdistension) from the inferior part of the bladder. The 
snperior snrfaee of the bladder is eovered with peritonenm 
and is therefore snperior to the pelvie paìn lìne; thns pain 
fibers from the snperior bladder follow the sympathetie 
fibers retrogradely to the inferior thoraeie and npper Inmbar 
spinal ganglia (T11-L2 or L3). 

PROKIMAL (PELVIG) MALE URETHRA 

The male urethra is a mnsenlar tnbe (18-22 em long) that 
eonveys nrine from the internal nrethral orifiee of the nrinary 
bladder to the external nrethral orifiee, loeated at the tip of 
the glans penis in males (Fig. 3.27A). The nrethra also pro- 
vides an exit for semen (sperms and glandnlar seeretions). 
For deseriptive pnrposes, the nrethra is divided into fonr 
parts, demonstrated in Fignres 3.27A and 3.30 and deseribed 
in Table 3.6. The distal intermediate part and spongy nrethra 
will be deseribed fnrther with the perinenm (p. 418). 

The intramural (preprostatie) part of the urethra 
varies in diameter and length, depending on whether the 
bladder is filling (bladder neek is tonieally eontraeted so the 
internal nrethral orifiee is small and high; the filling internal 
nrethral orifiee) or emptying (the neek is relaxed so the ori- 
fiee is wide and low; the emptying internal nrethral orifiee). 
The most prominent featnre of the prostatie urethra is the 
urethral erest, a median ridge between bilateral grooves, 
the prostatie sinuses (Fig. 3.30). The seeretory prostatie 
ducts open into the prostatie sinnses. The seminal eollie- 
ulus is a ronnded eminenee in the middle of the nrethral 
erest with a slit-like orifiee that opens into a small eul-de-sac, 
the prostatie utricle. The ntriele is the vestigial remnant of 
the embryonie nterovaginal eanal, the snrronnding walls of 
which, in the female, eonstitnte the primordinm of the nterns 
and a part of the vagina (Moore et ak, 2012). The ejaenla- 
tory dnets open into the prostatie nrethra via minnte, slit-like 
openings loeated adjaeent to and oeeasionally jnst within the 
orifiee of the prostatie ntriele. Thns nrinary and reprodnetive 
traets merge at this point. 

Arterìal Supply and Venous Draínage of Proxìmal 
Male IJrethra. The intramnral and prostatie parts of the 


nrethra are snpplied by prostatie hranehes of the inferior 
vesieal diaàmiddle reetal arteries (see Figs. 3.15-3.17A). The 
veins from the proximal two parts of the nrethra drain into 
the prostatie venons plexus (see Fig. 3.19C). 

Innervatíon of Proxímal Male IJrethra. The nerves 
are derived from the prostatie plexus (mixed sympathetie, 
parasympathetie, and viseeral afferent fibers) (Fig. 3.29). 
The prostatie plexus is one of the pelvie plexuses (an infe- 
rior extension of the vesieal plexus) arising as organ-speeifie 
extensions of the inferior hypogastrie plexus. 

FEMALE URETHRA 

The female urethra (approximately 4 em long and 6 mm in 
diameter) passes antero-inferiorly from the internal nrethral 
orifiee of the nrinary bladder (Fig. 3.27B), posterior and then 
inferior to the pnbie symphysis, to the external nrethral orifiee. 
The mnsenlatnre snrronnding the internal nrethral orifiee of 
the female bladder is not organized into an internal sphineter. 
The female external urethral orifiee is loeated in the ves- 
tihnle of the vagina, the eleft between the labia minora of the 
external genitalia, direetly anterior to the vaginal orifiee. The 
nrethra lies anterior to the vagina (forming an elevation in 
the anterior vaginal wall) (Fig. 3.27C); its axis is parallel 
to that of the vagina. The nrethra passes with the vagina 
throngh the pelvie diaphragm, external nrethral sphineter, 
and perineal membrane. 

IJrethral glands are present, partienlarly in the snperior 
part of the nrethra. One gronp of glands on eaeh side, the 
paranrethral glands, are homologs to the prostate. These 
glands have a eommon para-nrethral dnet, which opens (one 
on eaeh side) near the external nrethral orifiee. The external 
nrethral sphineter is loeated in the perinenm and is disenssed 
in that seetion (p. 408). 

Arteríal Supply and Venous Draínage of Female 
IJrethra. Blood is snpplied to the female nrethra by the 
internalpndendal diaàvaginal arteries (see Figs. 3.16, 3.17B, 
and 3.18A). The veins follow the arteries and have similar 
names (see Fig. 3.19B). 

Innervation of Female Lfrethra. The nerves to 
the nrethra arise from the vesieal (nerve) plexus and the 
pudendal nerve. The pattern is similar to that in the male 
(Fig. 3.29), given the absenee of a prostatie plexus and an 
internal nrethra sphineter. Viseeral afferents from most of 
the nrethra rnn in the pelvie splanehnie nerves, bnt the ter- 
mination reeeives somatie afferents from the pndendal nerve. 
Both the viseeral and the somatie afferent fibers extend from 
eell bodies in the 82-84 spinal ganglia. 

Rectum 

The rectum is the pelvie part of the digestive traet and is 
eontinnons proximally with the sigmoid eolon (Fig. 3.31) and 
distally with the anal eanal. The reetosigmoid junction lies 
anterior to the 83 vertebra. At this point, the teniae eoli of the 
sigmoid eolon spread to form a eontinnons onter longitndinal 
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FIGIJRE 3.30. Interior of male bladder and urethra. A. The anterior parts ofthe bladder, prostate, and urethra are cut avvay. A portion ofthe posterior 
wall ofthe bladder has been removed to reveal the intramural part of ureter and the ductus deferens posteriorto the bladder. The interureteric fold runs 
between the entranees of the ureters into the bladder lumen, demareating the superior limit of the trigone of the bladder. The prominenee of the posterior 
wall of the internal urethral orifiee (at the tip of the leader line indieating this orifiee), when exaggerated, beeomes the uvula of the bladder. This small pro- 
jeetion is produced by the middle lobe ofthe prostate. The prostatie faseia eneloses the prostatie venous plexus. B. This enlarged detail ofthe boxed area 
in A demonstrates the bulbo-urethral glands embedded in the substance ofthe external urethral sphineter. 


TABLE3.6. PARTS OF MALE URETHRA 


Part 

Length^ 

Loeation/Disposition 

F eatu res 

lntramural 
(preprostatie) part 

0.5-1.5 em 

Extends almost vertieally through neek of bladder 

Surrounded by internal urethral sphineter; 
diameterand Ìength vary, depending on whether 
bladder is filling or emptying 

Prostatie urethra 

3.0-4.0 em 

Deseends through anterior prostate, forming 
a gentle, anteriorly eoneave curve; is bounded 
anteriorly by a vertieal trough-like part (rhabdo- 
sphineter) of external urethral sphineter 

VVidestand mostdilatable part; features urethral 
erest with seminal colliculus, flanked by prostatie 
sinuses into which prostatie ducts open; ejacula- 
tory ducts open onto colliculus, henee urinary and 
reproductive traets merge in this part 

Intermediate 

(membranous) 

part 

1.0-1.5 em 

Passes through deep perineal pouch, surrounded 
by circularfibers ofexternal urethral sphineter; 
penetrates perineal membrane 

Narrowestand leastdistensible part (exceptfor 
external urethral orifiee) 

Spongy urethra 

~15 em 

Courses through corpus spongiosum; initial wid- 
ening occurs in bulb of penis; widens again dis- 
tally as navicularfossa (in glans penis) 

Longestand mostmobile part; bulbo-urethral 
glands open into bulbous part; distally, urethral 
glands open into small urethral lacunae entering 
lumen of this part 


^Lengths are provided for purposes of eomparison—students should not memorize these lengths. 
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FIGIJRE 3.31. Sigmoid eolon entering lesser pelvis and beeoming rectum. The sigmoid eolon is intraperitoneal, suspended by the sigmoid mesoeolon, 
but the rectum beeomes retroperitoneal and then subperitoneal as it deseends. The peritoneum has been removed superior to saeral promontory and right 
iliae fossa, revealing the superior hypogastrie plexus lying in the bifijreation ofthe abdominal aorta and the internal iliae artery, ureter, and ductus deferens 
erossingthe pelvie brim to enterthe lesser pelvis. 


layer of smooth muscle, and the fatty omental appendiees are 
diseontinned (see also Fig. 3.56). 

Althongh its name is derived from the Latin term for 
“straight” (reetns), the term was eoined dnring aneient stnd- 
ies on animals to deseribe the distal part of the eolon; the 
hnman reetnm is eharaeterized by a nnmber of flexures. The 
reetnm follows the curve of the saernm and coccyx, forming 
the saeral flexure of the rectum. The reetnm ends antero- 
inferior to the tip of the coccyx, immediately before a sharp 
postero-inferior angle (the anoreetal flexure of the anal 
eanal) that oeenrs as the gut perforates the pelvie diaphragm 
(levator ani). The ronghly 80° anoreetal flexure is an impor- 
tant meehanism for feeal eontinenee, being maintained dur- 
ing the resting state by the tonus of the puborectalis muscle, 
and by its aetive eontraetion dnring peristaltie eontraetions if 
defeeation is not to occur. With the flexures of the reetosig- 
moid junction snperiorly and the anoreetal jnnetion inferi- 
orly, the reetnm has an S shape when viewed laterally. 

Three sharp lateral flexures of the rectum (superior 
and inferior on the left side, and intermediate on the right) 
are apparent when the reetnm is viewed anteriorly (Fig. 3.32). 
The flexures are formed in relation to three internal 


infoldings (transverse reetal folds): two on the left and one 
on the right side. The folds overlie thiekened parts of the eir- 
cular muscle layer of the reetal wall. The dilated terminal part 
of the reetnm, lying direetly snperior to and snpported by the 
pelvie diaphragm (levator ani) and anoeoeeygeal ligament, is 

the ampnlla of the reetnm (Figs. 3.27, 3.31, and 3.32). The 

ampnlla reeeives and holds an accumulating feeal mass until 
it is expelled dnring defeeation. The ability of the ampnlla 
to relax to aeeommodate the initial and subsequent arrivals 
of feeal material is another essential element of maintaining 
feeal eontinenee. 

Peritonenm eovers the anterior and lateral snrfaees of the 
snperior third of the reetnm, only the anterior snrfaee of the 
middle third, and no snrfaee of the inferior third beeanse it is 
snbperitoneal (see Table 3.3). In males, the peritonenm refleets 
from the reetnm to the posterior wall of the bladder, where it 
forms the floor of the reetovesieal poneh. In females, the peri- 
tonenm refleets from the reetnm to the posterior part of the 
fornix of the vagina, where it forms the floor of the reeto-nterine 
poneh. In both sexes, lateral refleetions of peritonenm from the 
snperior third of the reetnm form parareetalfossae (Fig. 3.31), 
which permit the reetnm to distend as it fllls with feees. 
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FIGIJRE 3.32. Arteries and veins of rectum and anal eanal. A. Despite their name, the inferior reetal arteries, vvhieh are branehes ofthe internal pudendal 
arteries, mainly supply the anal eanal. The three sharp lateral flexures of the rectum refleet the vvay in vvhieh the lumen navigates the transverse reetal folds 
(shown in part B) on the internal surface. B. This eoronal seetion of the rectum and anal eanal demonstrates the arterial supply and venous drainage. The inter- 
nal and external reetal venous plexuses are most direetly related to the anal eanal. The flexures and transverse reetal folds help support the weight of the feees. 


The rectum lies posteriorly against the inferior three saeral 
vertebrae and the coccyx, anoeoeeygeal ligament, median saeral 
vessels, and inferior ends of the sympathetie trnnks and saeral 
plexuses. In males, the reetnm is related anteriorly to the fnn- 
dus of the nrinary bladder, terminal parts of the nreters, ductus 
deferentes, seminal glands, and prostate (see Figs. 3.13D and 
3.27A). The reetovesieal septnm lies betvveen the fnndns of the 
bladder and the ampnlla of the reetnm and is elosely assoeiated 
with the seminal glands and prostate. In females, the reetnm 
is related anteriorly to the vagina and is separated from the 
posterior part of the fornix and the cervix by the reeto-nterine 
poneh (see Figs. 3.13D and 3.27B). Inferior to this poneh, the 
weak reetovaginal septnm separates the snperior half of the 
posterior wall of the vagina from the reetnm. 

ARTERIAL SUPPLY AND VENOUS DRAINAGE 
OF RECTUM 

The snperior reetal artery, the eontinnation of the abdominal 
inferior mesenterie artery, snpplies the proximal part of the 
reetnm (Fig. 3.32). The right and left middle reetal arteries, 
which often arise from the anterior divisions of the inter- 
nal iliae arteries in the pelvis, snpply the middle and inferior 
parts of the reetnm. The inferior reetal arteries, arising 
from the internal pndendal arteries in the perinenm, snpply 
the anoreetal jnnetion and anal eanal. Anastomoses between 
the snperior and inferior reetal arteries may provide potential 
eollateral eirenlation, bnt anastomoses with the middle reetal 
arteries are sparse. 

Blood from the reetnm drains throngh the snperior, 
middle, and inferior reetal veins (Fig. 3.32B). Anastomoses 


oeenr between the portal and systemie veins in the wall of 
the anal eanal. Beeanse the snperior reetal vein drains into 
the portal venons system and the middle and inferior ree- 
tal veins drain into the systemie system, these anastomoses 
are elinieally important areas of portoeaval anastomosis (see 
Fig. 2.75A). The snbmneosal reetal venons plexus snrronnds 
the reetnm, eommnnieating with the vesieal venons plexus 
in males and the nterovaginal venons plexus in females. The 
reetal venous plexus eonsists of two parts (Fig. 3.32B): the 
internal reetal venons plexus jnst deep to the mneosa of 
the anoreetal jnnetion and the subcutaneous external ree- 
tal venons plexus external to the muscular wall of the ree- 
tum. Although these plexuses bear the term reetal, they are 
primarily “anal” in terms of loeation, fnnetion, and elinieal 
signifìeanee (see “Venons and Lymphatie Drainage of Anal 
Ganal,” p. 413). 

INNERVATION OF RECTUM 

The nerve snpply to the reetnm is from the sympathetie and 
parasympathetie systems (Fig. 3.33). Thesympathetiesnpply 
is from the Inmbar spinal eord, eonveyed via Inmbar splaneh- 
nie nerves and the hypogastrie/pelvie plexuses, and throngh 
the peri-arterial plexus of the inferior mesenterie and supe- 
rior reetal arteries. The parasympathetie snpply is from the 
S2-S4 spinal eord level, passing via the pelvie splanehnie 
nerves and the left and right inferior hypogastrie plexuses to 
the reetal (pelvie) plexus. Because the rectum is inferior (dis- 
tal) to the pelvie pain line, all viseeral afferent fìbers follow 
the parasympathetie fìbers retrogradely to the S2-S4 spinal 
sensory ganglia. 
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FIGIJRE 3.33. Innervation of rectum and anal eanal. The lumbar and pelvie splanehnie nerves and hypogastrie 
plexuses have been retraeted laterally for elarity. 
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URINARY ORGANS AND RECTUM 



latrogenìe Compromìse of Ureterìc 
Blood Snpply 

The ureters may be injured during abdominal, retro- 
peritoneal, pelvie, or gyneeologieal operations as a 
result of inadvertently interrnpting their blood sup- 
ply. identifieation of the nreters during their fiill eourse through 
the pelvis is an important preventive measnre. 

The longitndinal anastomoses between arterial branehes 
to the nreter are usually adequate to maintain the blood 
supply along the length of the nreters, but oeeasionally they 
are not. Traetion on the ureter during snrgery may lead to 
delayed rupture of the ureter. The denuded ureteral seg- 
ment beeomes gangrenons and leaks, or ruptures 7-10 days 
after surgery. When traetion is neeessary, it is applied gently 
within a strietly limited range using padded, blunt retraetors. 
It is useful to realize that although the blood supply to the 
abdominal segment of the ureter approaehes from a medial 
direetion, that of the pelvie segment approaehes from a lat- 
eral direetion (Fig. 3.25); the nreters shonld be retraeted 
aeeordingly. 



Ureteríc Calculì 

The nreters are expansile muscular tubes that dilate 
(along with the intrarenal eolleeting system—ealiees 
and renal pelvis) if obstrneted (Fig. B3.7). Acute 
obstmetion usually resnlts from ^nreterìe ealeulus (L. pebble). 
The symptoms and severity depend on the loeation, type, and 
size of the calculus and on whether it is smooth or spiky. 
Althongh passage of small ealenli (stones) usually causes little 
or no pain, larger ones prodnee severe pain. Stones that deseend 
the length of the ureter cause pain deseribed as migrating 
“from loin to groin” (from the lateral abdominal to ingninal 
regions 

The pain caused by a calculus is a eolieky pain, which 
results from hyperperistalsis in the ureter, superior to the 
level of the obstruction. IJreterie ealenli may cause eomplete 
or intermittent obstmetion of nrinary fiow. The obstmetion 
may occur anywhere along the ureter, but it occurs most 
often at the three sites where the nreters are normally rela- 
tively eonstrieted (Fig. 3.24A): (1) at the jnnetion of the ure- 
ters and renal pelves, (2) where they eross the external iliae 
artery and pelvie brim, and (3) during their passage throngh 
the wall of the nrinary bladder (Fig. B3.7B). 

The presenee of ealenli ean often be eonfirmed by an 
abdominal radiograph, an intravenons nrogram. Gnrrently, 
eompnted tomography (CT) seanning is the preferred 
method. IJreterie ealenli may be removed by open snrgery, 
by endoseopy {endourology), or lithotripsy. Lithotripsy uses 
shoek waves to break up a stone into small fragments that ean 
be passed in the urine. 



Transverse CT sean 


FIGUREB3.7. Obstmeting ureteric calculus. A. This image at the L1 
vertebral level demonstrates an enlarged right kidney vvith a dilated intrarenal 
eolleeting system {blue arrow). B. In the lesser pelvis, a ealeifie density appears at 
the ureterovesical junction {redarrow) vvith dilation ofthe ureter. 


Cystocele 


Hernia of Bladder 



Loss of bladder snpport in females by damage to 
the pelvie fioor during ehildbirth (e.g., laeeration of 
perineal mnseles [see Fig. B3.5B] or a lesion of the 
nerves snpplying them, or rupture of the faseial support of the 
vagina, the paraeolpinm [see Fig. 3.14B]) ean result in eollapse 
of the bladder onto the anterior vaginal wall. When intra- 
abdominal pressnre inereases (as when “bearing down” dnring 
defeeation), the anterior wall of the vagina may protmde 
throngh the vaginal orifiee into the vestibnle (Fig. B3.8). 



Suprapubic Cystotomy 

Althongh the snperior snrfaee of the empty bladder 
lies at the level of the snperior margin of the pubic 
symphysis, as the bladder fills it extends snperiorly 
above the symphysis into the loose areolar tissue between the 
parietal peritonenm and anterior abdominal wall (Fig. B3.9). 
The bladder then lies adjaeent to this wall without the interven- 
tion of peritonenm. Consequently, the distended bladder may 
be punctured {suprapuhie eystotomy) or approaehed surgically 
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FIGURE B3.8. 


of the pelvis. The mpture may result in the eseape of urine 
extraperitoneally or intraperitoneally. Rnptnre of the snperior 
part of the bladder frequently tears the peritonenm, resnlting 
in extravasation (passage) of nrine into the peritoneal eavity. 
Posterior rnptnre of the bladder nsnally resnlts in passage of 
nrine extraperitoneally into the perinenm. 


Gystoseopy 

The interior of the bladder and its three orifiees ean 
be examined with a eystoseope. Dnring transnre- 
thral reseetion of a tnmor, the instrnment is passed 
into the bladder throngh the nrethra (Fig. B3.10). Using a high- 
frequeney eleetrieal enrrent, the tnmor is removed in small 
fragments that are washed from the bladder with water. 



eiinieally Signifieant Differenees 
Between Male and Female IJrethrae 


snperior to the pnbie symphysis for the introdnetion of in- 
dwelling eatheters or instrnments without traversing the peri- 
tonenm and entering the peritoneal eavity. Urinary ealenli, 
foreign bodies, and small tnmors may also be removed from the 
bladder throngh a snprapnbie extraperitoneal ineision. 


Rnptnre of Bladder 



Beeanse of the snperior position of the distended 
bladder, it may be rnptnred by injnries to the inferior 
part of the anterior abdominal wall or by fraetnres 
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The female nrethra is distensible beeanse it eontains 
eonsiderable elastie tissne, as well as smooth mnsele. 
It ean be easily dilated without injnry; consequently, 
the passage of eatheters or eystoseopes is easier in females than 
in males. infeetions of the nrethra, and espeeially the bladder, 
are more eommon in women beeanse the female nrethra is 
short, more distensible, and is open to the exterior throngh the 
vestibnle of the vagina. 



Reetal Examìnation 

Many stmetnres related to the antero-inferior part of 
the reetnm may be palpated throngh its walls (e.g., 
the prostate and seminal glands in males and the eer- 
vix in females). In both sexes, the pelvie snrfaees of the saernm 
and coccyx may be palpated. The isehial spines and tnberosities 
may also be palpated. Enlarged internal iliae lymph nodes, 
pathologieal thiekening of the nreters, swellings in the isehio- 
anal fossae [e.g., isehio-anal abseesses (p. 416) and abnormal 
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eontents in the reetovesieal poneh in the male or the reeto- 
nterine poneh in the female] may also be palpated. Tendemess 
of an inflamed appendix may also be deteeted reetally if it 
deseends into the lesser pelvis (parareetal fossa). 

The internal aspeet of the reetnm ean be examined with 
a proetoseope, and biopsies of lesions may be taken throngh 
this instrnment. Dnring insertion of a sigmoidoseope, the 
enrvatnres of the reetnm and its aente flexion at the reeto- 
sigmoid jnnetion have to be kept in mind so the patient does 
not nndergo nnneeessary diseomfort. The operator mnst also 
know that the transverse reetal folds, whieh provide nsefnl 


landmarks for the proeednre, may temporarily impede pas- 
sage of these instrnments. 

Reseetion of Reetnm 

When reseeting the reetnm in males (e.g., dnring ean- 
eer treatment), the plane of the reetovesieal septnm 
(a faseial septnm extending snperiorly from the peri- 
neal body) is loeated so that the prostate and nrethra ean be 
separated from the reetnm. In this way, these organs are not 
damaged dnring the snrgery. 



The Bottom Lìne 


PELVie URINARY AND DIGESTIVE ORGANS 

Llreters: The ureters earry urine from the renal pelves to the 
urinary bladder. ♦ The ureters deseend subperitoneally into 
the pelvis, passing inferiorto the ductus deferens ofthe male, 
or the uterine artery ofthe female; the latter relationship being 
of particular surgical importanee. ♦ The ureters penetrate the 
bladderwall obliquely from its postero-inferior angle, ereating 
a one-way valve. ♦ The pelvie portion of eaeh ureter is served 
by the inferior vesieal (male) orvaginal (female) artery, and the 
vesieal venous plexus and internal iliae veins. ♦ Calculi, likely to 
beeome entrapped where the ureter erosses the pelvie brim or 
enters the bladder, produce severe groin pain. 

Llrìnary bladder: The superior and inferior portions of the 
urinary bladder are quite distinet anatomieally and fijnetionally. 

♦ The bodyofthe bladderis highly distensible, embedded in 
loose extraperitoneal fat, and eovered on its superior aspeet with 
peritoneum, all ofwhich allow expansion with filling. ♦ In eon- 
trast, the relatively indistensible neek of the bladder is anehored 
in plaee by pelvie ligaments and the floor of the bladder overly- 
ing it (which includes the trigone of the bladder), and remains 
relatively unchanged with filling. ♦ Most of the bladder body 
is served by superior vesieal arteries and veins. ♦ The neek and 
adjaeent inferior body are served by inferior vesieal arteries and 
the vesieal venous plexus. ♦ Sympathetie fibers from inferior 
thoraeie and superior lumbar spinal eord segments maintain the 
tonus of the bladder neek and, in males during eJaculation, 
stimulate eontraetion ofthe internal urethral sphineterto pre- 
vent reflux of semen. ♦ Parasympathetie fibers eonveyed by 
pelvie splanehnie nerves from the S2-S4 spinal eord segments 
inhibit the neek musculature and stimulate inereased tonus of 
the detrusor muscle ofthe bladder walls for urination. ♦ Viseeral 
afferent fibers conducting pain sensation from the roofofthe 
bladder (superior to the pelvie pain line) follow the sympathetie 
fibers retrogradely to spinal sensory ganglia; the remaining 
viseeral afferent fibers follow the parasympathetie fibers. 

Llrethra: The male arethra eonsists of four parts, two of 
which are the intramural and prostatie parts. ♦ The intramural 


part varies in length and ealiber, depending on whether the blad- 
der is filling or emptying. ♦ The prostatie urethra is distinguished 
both by its surroundings and the structures that open into it. It 
is surrounded by the prostate, the muscular anterior “lobe” that 
includes the trough-like superior extension ofthe external ure- 
thral sphineter anteriorly, and by the glandular lobes posteriorly. 

♦ The prostatie ducts open into prostatie sinuses on eaeh side of 
the urethral erest. ♦ The vestigial utricle is a relatively large open- 
ing in the eenterofthe seminal colliculus, flanked by the tiny 
openings ofthe eJaculatory ducts. ♦ The reproductive and 
urinary traets merge within the prostatie urethra. 

The female arethra runs parallel to the vagina. It is firmly 
attaehed to and indents the anterior vaginal wall eentrally 
and distally. ♦ Sinee it is not shared with the reproductive 
traet, an internal urethral sphineter is not required at the 
neek of the female bladder. 

Rectum: The rectum accumulates and temporarily stores 
feees. ♦ The rectum begins at the reetosigmoid Junction as the 
teniae of the sigmoid eolon spread and unite into a continuous 
longitudinal layer of smooth muscle and the omental appendi- 
ees eease. ♦ The rectum ends with the anoreetal flexure as the 
gut penetrates the pelvie diaphragm, beeoming the anal eanal. 

♦ Despite the Latin term reetas (straight), the rectum is eoneave 
anteriorly as the saeral flexure, and has three lateral flexures 
formed in relation to the internal transverse reetal folds. ♦ The 
rectum enlarges into the reetal ampulla direetly above the pelvie 
floor. ♦ The superior, middle, and inferior parts of the rectum 
are, respeetively, intraperitoneal, retroperitoneal, and subperi- 
toneal. ♦ Collateral arterial circulation and a portoeaval venous 
anastomosis result from anastomoses of the superior and mid- 
dle reetal vessels. ♦ Sympathetie nerve fibers pass to the rectum 
(espeeially blood vessels and internal anal sphineter) from lum- 
bar spinal eord segments via the hypogastrie/pelvie plexuses, 
and the peri-arterial plexus of the superior reetal artery. ♦ Para- 
sympathetie and viseeral afìFerent fibers involve the 

middle saeral spinal eord segments and spinal ganglia. 
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Male Internal Genital Organs 

The male internal genital organs inelnde the testes, epididy- 
mides (singnlar = epididymis), dnetns deferentes (singnlar 
= dnetns deferens), seminal glands, ejaenlatory dnets, 
prostate, and bnlbo-nrethral glands (Fig. 3.34). The testes 
and epididymides (deseribed in Ghapter 2) are eonsidered 
internal genital organs on the basis of their developmental 
position and homology with the internal female ovaries. 
However, beeanse of their external position postnatally and 
beeanse in disseetion they are eneonntered dnring the dis- 
seetion of the ingninal region of the anterior abdominal wall, 
they were eonsidered with the abdomen in Ghapter 2. 

DUCTUS DEFERENS 

The ductus deferens (vas deferens) is the eontinnation of 
the duct of the epididymis. The dnetns deferens: 


• Has relatively thiek mnsenlar walls and a minnte Inmen, 
giving it a eord-like firmness. 

• Begins in the tail of the epididymis, at the inferior pole of 
the testis (Fig. 2.21, p. 209). 

• Aseends posterior to the testis, medial to the epididymis. 

• Is the primary eomponent of the spermatie eord. 

• Penetrates the anterior abdominal wall via the ingninal 
eanal. 

• Grosses over the external iliae vessels and enters the pel- 
vis. 

• Passes along the lateral wall of the pelvis, where it lies 
external to the parietal peritonenm. 

• Ends by joining the dnet of the seminal gland to form the 
ejaenlatory duct. 

Dnring the pelvie part of its eonrse, the dnetns deferens main- 

tains direet eontaet with the peritonenm; no other strnetnre 

intervenes between them. The dnetns erosses snperior to the 
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FIGURE 3.34. Hemiseeted male pelvis and perineum (right half). The genital organs are demonstrated: testis, epididymis, ductus deferens, ejaculatory 
duct, and penis, vvith the aeeessory glandular structures (seminal gland, prostate, and bulbo-urethral gland). The spermatie eord eonneets the testis to the 
abdominal eavity, and the testis lies externally in a musculocutaneous pouch, the scrotum. 
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ureter near the posterolateral angle of the nrinary bladder, 
rnnning between the nreter and the peritonenm of the nre- 
terie fold to reaeh the fnndns of the bladder. The relationship 
of the dnetns deferens to the nreter in the male is similar, 
althongh of lesser elinieal importanee, to that of the nterine 
artery to the nreter in the female. The developmental basis 
of this relationship is shown in Fignre 3.35. Posterior to the 
bladder, the dnetns deferens at first lies snperior to the semi- 
nal gland, then deseends medial to the nreter and the gland. 
Here the dnetns deferens enlarges to form the ampalla of 
the ductus deferens before its termination (Fig. 3.36). 

Arteríal Supply and Venous Draìnage of Ductus 
Deferens. The tiny artery to the duetus deferens nsnally 
arises from a snperior (sometimes inferior) vesieal artery 
(Figs. 3.16 and 3.34), and terminates by anastomosing with 
the testienlar artery, posterior to the testis. Veins from most 
of the dnetns drain into the testienlar vein, inelnding the dis- 
tal pampiniform plexus. Its terminal portion drains into the 
vesienlar/ prostatie venons plexus. 

SEMINAL GLANDS 

Eaeh semìnal gland (vesiele) is an elongated strnetnre 
(approximately 5 em long bnt sometimes mneh shorter) 
that lies between the fnndns of the bladder and the reetnm 
(Figs. 3.34 and 3.36). The seminal glands are obliquely 
plaeed superior to the prostate and do not store sperms (as 
the term “vesiele” implies). They seerete a thiek alkaline fluid 
with fructose (an energy sonree for sperms), and a eoagnlat- 
ing agent that mixes with the sperms as they pass into the 
ejaenlatory ducts and nrethra. 

The snperior ends of the seminal glands are eovered 
with peritonenm and lie posterior to the nreters, where 
the peritonenm of the reetovesieal poueh separates them 


Dreter- 

Testicular artery 

Ductus deferens 

Testis- 

Later 



Anterior view 


FIGIJRE 3.35. Structures erossìng male ureter ìn abdomen and pelvìs. 

During development, as the testis deseends inferiorly and laterally from its 
original position (medial to the site of the kidneys on the posterior abdomi- 
nal vvall) to and then through the inguinal eanal, the ureter is erossed by 
testicular vessels in the abdomen and by the ductus deferens in the pelvis. 
This relationship is retained throughout life. 


from the rectum. The inferior ends of the seminal glands 
are elosely related to the reetnm and are separated from 
it only by the reetovesieal septnm (Fig. 3.34). The duct of 
the seminal gland joins the ductus deferens to form the 
ejaculatory duct. 

Arterial Supply and Venous Drainage of Seminal 
Glands. The arteries to the seminal glands derive from the 
inferior vesieal and middle reetal arteries (see Figs. 3.16 and 
3.37; Table 3.4). The veins aeeompany the arteries and have 
similar names (Fig. 3.19C). 

EJACULATORY DUCTS 

The ejaculatory ducts are slender tubes that arise by the 
union of the ducts of the seminal glands with the ductus 

deferentes (Figs. 3.34, 3.36, and 3.37). The ejaenlatory ducts 
(approximately 2.5 em long) arise near the neek of the blad- 
der, and run elose together as they pass antero-inferiorly 
throngh the posterior part of the prostate and along the 
sides of the prostatie ntriele. The ejaenlatory ducts eonverge 
to open on the seminal colliculus by tiny, slit-like aper- 
tures on, or just within, the opening of the prostatie ntriele 
(Fig. 3.30). Althongh the ejaenlatory ducts traverse the glan- 
dular prostate, prostatie seeretions do not join the seminal 
fluid until the ejaenlatory ducts have terminated in the pros- 
tatie nrethra. 

Arteríal Supply and Venous Draínage of Ejacula- 
tory Ducts. The arteries to the ductus deferens, usually 
branehes of the snperior (but frequently inferior) vesieal 
arteries, snpply the ejaenlatory ducts (Figs. 3.37). The veins 
join the prostatie and vesieal venous plexuses (Fig. 3.19C). 

PROSTATE 

The prostate (approximately 3 em long, 4 em wide, and 2 em 
in antero-posterior (AP) depth) is the largest aeeessory gland 
of the male reprodnetive system (Figs. 3.34, 3.36, and 3.37). 
The flrm, walnut-size prostate surrounds the prostatie ure- 
thra. The glandnlar part makes up approximately two thirds 
of the prostate; the other third is 6bromuscular. 

The fibrous capsule of the prostate is dense and neuro- 
vascular, ineorporating the prostatie plexuses of veins and 
nerves. All this is surrounded by the viseeral layer of the 
pelvie faseia, forming a flbrons prostatie sheath that is thin 
anteriorly, continuous anterolaterally with the puhoprostatic 
ligaments, and dense posteriorly where it blends with the 
reetovesieal septum. The prostate has 

• A base elosely related to the neek of the bladder. 

• An apex that is in eontaet with faseia on the snperior aspeet 
of the nrethral sphineter and deep perineal mnseles. 

• A muscular anterior snrfaee, featnring mostly transversely 
oriented mnsele flbers forming a vertieal, trough-like 
hemisphineter (rhabdosphineter), which is part of the 
nrethral sphineter. The anterior snrfaee is separated from 
the pubic symphysis by retroperitoneal fat in the retropn- 
bie spaee. 
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(B) Posterior view 

FIGIJRE 3.36. Posterior aspeet of male pelvie viseera and posterior disseetion of prostate. A. The posterior pelvie wall, rectum, and reetovesieal septum 
have been removed. The umbilical ligaments, like the urinary bladder, are embedded in extraperitoneal or subperitoneal faseia (mostly removed in this dis- 
seetion). B. The ejaculatory ducts are formed by the merger of the duct of the seminal gland and the ductus deferens. The vestigial prostatie utricle, usually 
seen as an invagination in an anterior view, appears in this posterior disseetion as an evagination lying between the eJaculatory ducts. 


• A posterior sorfaee that is related to the ampolla of the 
rectum. 

• Inferolateral surfaces that are related to the levator ani. 

Althongh not elearly distinet anatomieally, the follovving 
lobes of the prostate are traditionally deseribed (Fig. 3.38A): 

• The isthmus of the prostate (eommissnre of prostate; 
historieally, the anterior “lobe”) lies anterior to the ure- 


thra. It is fibromuscular, the muscle fibers representing 
a snperior eontinnation of the external nrethral sphineter 
mnsele to the neek of the bladder, and eontains little, if 
any, glandnlar tissne. 

• Right and left lohes of the prostate, separated anteri- 
orly by the isthmns and posteriorly by a eentral, shallovv 
longitndinal fnrrovv, may eaeh be snbdivided for deserip- 
tive pnrposes into four indistinet lobnles defined by their 
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FIGIJRE 3.37. Pelvie part of ureters, urinary bladder, seminal glands, terminal parts of ductus deferens, and prostate. The left seminal gland and 
ampulla ofthe ductus deferens are disseeted free and slieed open. Part ofthe prostate is also cut avvay to expose the ejaculatory duct. The perineal mem- 
brane lies between the external genitalia and the deep part ofthe perineum (anterior reeess of isehio-anal fossa). It is piereed by the urethra, ducts ofthe 
bulbo-urethral glands, dorsal and deep arteries ofthe penis, cavernous nerves, and the dorsal nerve ofthe penis. 


relationship to the nrethra and ejaenlatory dnets, and— 
althongh less apparent—by the arrangement of the dnets 
and eonneetive tissne: 

(1) an inferoposterior (lower posterior) lobnle that lies 
posterior to the nrethra and inferior to the ejaenlatory 
dnets. This lobnle eonstitntes the aspeet of the pros- 
tate palpable by digital reetal examination. 

(2) an inferolateral (lower lateral) lobnle direetly lat- 
eral to the nrethra, forming the major part of the right 
or left lobe. 

(3) a snperomedial lobnle, deep to the inferoposterior 
lobnle, snrronnding the ipsilateral ejaenlatory dnet. 

(4) an anteromedial lobnle, deep to the inferolat- 
eral lobnle, direetly lateral to the proximal prostatie 
nrethra. 

An embryonie mìddle (medìan) lohe gives rise to (3) and 
(4) above. This region tends to nndergo hormone-indneed 
hypertrophy in advaneed age, forming a middle lohnle that 
lies between the nrethra and the ejaenlatory dnets and is 
elosely related to the neek of the bladder. Enlargement of 
the middle lobnle is believed to be at least partially respon- 
sible for the formation of the uvula that may projeet into the 
internal nrethral orifiee (Fig. 3.30). 

Some elinieians, espeeially nrologists and sonographers, 
divide the prostate into peripheral and eentral (internal) zones 
(Fig. 3.38B). The eentral zone is eomparable to the middle lobe. 


The prostatie ducts (20-30) open ehiefiy into the pro- 
statie sinuses that lie on either side of the seminal eollienlns 
on the posterior wall of the prostatie nrethra (Fig. 3.37). Pros- 
tatie finid, a thin, milky finid, provides approximately 20% 
of the volnme of semen (a mixture of seeretions prodneed 
by the testes, seminal glands, prostate, and bnlbo-nrethral 
glands that provides the vehiele by which sperms are trans- 
ported) and plays a role in aetivating the sperms. 

Arterial Supply and Venous Drainage of Pros- 
tate. The prostatie arteries are mainly branehes of the 
internal iliae artery (see Table 3.4; Figs. 3.17A and 3.37), 
espeeially the inferior vesieal arteries, bnt also the internal 
pndendal and middle reetal arteries. The veins join to form 
a plexus aronnd the sides and base of the prostate (Figs. 
3.19C and 3.37). This prostatie venous plexus, between 
the fibrons eapsnle of the prostate and the prostatie sheath, 
drains into the internal iliae veins. The prostatie venons 
plexus is eontinnons snperiorly with the vesieal venous 
plexus and eommnnieates posteriorly with the internal ver- 
tehral venous plexus. 

BULBO-URETHRAL GLANDS 

The two pea-size bulbo-urethral glands (Cowper glands) 
lie posterolateral to the intermediate part of the nrethra, 
largely embedded within the external nrethral sphine- 

ter (Figs. 3.30B, 3.34, 3.36, and 3.37). The ducts of the 
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(B) Graphie interpretation (left) of transverse ultrasound image (rt.) at ievei of green line in (A-rt). 

FIGITRE 3.38. Lobules and zones of prostate demonstrated by anatomieal seetion and ultrasonographic imaging. A. Poorly demareated lobules dem- 
onstrated in anatomie seetions. B. The ultrasound (US) transducer vvas inserted into the rectum to sean the anteriorly loeated prostate. The ducts ofthe 
glands in the peripheral zone open into the prostatie sinuses, vvhereas the ducts of the glands in the eentral (internal) zone open into the prostatie sinuses 
and the seminal colliculus. 


bulbo-urethral glands pass through the perineal mem- 
brane with the intermediate urethra, and open throngh min- 
ute apertnres into the proximal part of the spongy nrethra in 
the bulb of the penis. Their mueus-like seeretion enters the 
nrethra dnring sexual aronsal. 

INNERVATION OFINTERNAL GENITAL ORGANS 
OF MALE PELVIS 

The duetus deferens, seminal glands, ejaenlatory dnets, and 
prostate are riehly innervated by sympathetie nerve fìbers. 
Presynaptie sympathetie fihers originate from eell bodies in 
the intermediolateral eell eolnmn of the T12-L2 (or L3) spi- 
nal eord segments. They traverse the paravertebral ganglia 
of the sympathetie trnnks to beeome eomponents of Inmbar 
(abdominopelvie) splanehnie nerves and the hypogastrie and 
pelvie plexuses (see Fig. 3.29, p. 367). 


Presynaptie parasympathetie fihers from S2 and S3 spi- 
nal eord segments traverse pelvie splanehnie nerves, whieh 
also join the inferior hypogastrie/pelvie plexuses. Synapses 
with postsynaptie sympathetie and parasympathetie neu- 
rons oeeur within the plexuses, en route to or near the pel- 
vie viseera. As part of an orgasm, the sympathetie system 
stimnlates eontraetion of the internal nrethral sphineter to 
prevent retrograde ejaenlation. Simultaneously, it stimulates 
rapid peristaltie-like eontraetions of the duetus deferens, and 
the eombined eontraetion of and seeretion from the seminal 
glands and prostate that provide the vehiele (semen), and 
the expulsive foree to diseharge the sperms during ejaenla- 
tion. The fimetion of the parasympathetie innervation of the 
internal genital organs is nnelear. However, parasympathetie 
fìbers traversing the prostatie nerve plexus form the eavern- 
ous nerves that pass to the ereetile bodies of the penis, whieh 
are responsible for prodneing penile ereetion. 
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MALE INTERNAL GENITAL ORGANS 



Male Sterilization 

The eommon method of sterilizing males is a deferen- 
teetomy, popnlarly ealled a vaseetomy. Dnring this 
proeednre, part of the dnetns deferens is ligated and/ 
or excised throngh an ineision in the snperior part of the sero- 
tum (Fig. B3.11). Henee, the subsequent ejaenlated fluid from 
the seminal glands, prostate, and bulbo-urethral glands eontains 
no sperms. The unexpelled sperms degenerate in the epididy- 
mis and the proximal part of the ductus deferens. 

Reversal of a deferenteetomy is successful in favorable 
eases (patients < 30 years of age and < 7 years postoperation) 
in most instanees. The ends of the seetioned ductus deferen- 
tes are reattaehed under an operating mieroseope. 


impedes nrination by distorting the prostatie nrethra. The 
middle lobule usually enlarges the most and obstrnets the 
internal nrethral oriflee. The more the person strains, 
the more the valve-like prostatie mass oeelndes the nrethra. 

BHP is a eommon cause of urethral obstruction, leading 
to noetnria (need to void during the night), dysnria (diffienlty 
and/or pain during nrination), and nrgeney (sudden desire 
to void). BHP also inereases the risk of bladder infeetions 
(eystitis) as well as kidney damage. 

The prostate is examined for enlargement and tumors 
(foeal masses or asymmetry) by digital reetal examination 
(Fig. B3.12). The palpability of the prostate depends on the 
hillness of the bladder. A full bladder offers resistanee, holding 
the gland in plaee and making it more readily palpable. The 
malignant prostate feels hard and often irregnlar. In advaneed 
stages, eaneer eells metastasize both via lymphatie routes (ini- 
tially to the internal iliae and saeral lymph nodes and later to 
distant nodes), and via venous routes (by way of the internal 
vertebral venous plexus, to the vertebrae and brain). 

Beeanse of the elose relationship of the prostate to the 
prostatie nrethra, obstrnetions may be relieved endoseopi- 
eally. The instrnment is inserted transnrethrally throngh the 
external nrethral orifiee and spongy nrethra into the prostatie 
nrethra. All or part of the prostate, or just the hypertrophied 
part, is removed {transnrethral reseetion of the prostate; 
TURP). In more serions eases, the entire prostate is removed 
along with the seminal glands, ejaenlatory ducts, and termi- 
nal parts of the deferent ducts {radieal prostateetomy). 
TUBP and improved open operative techniques attempt 
because enlargement or henign hypertrophy of the to preserve the nerves and blood vessels assoeiated with 

prostate (RHP) is eommon after middle age, the eapsnle of the prostate that pass to and from the penis, 

affeeting virtnally every male who lives long enough. An inereasing the possibility for patients to retain sexual hmetion 

enlarged prostate projeets into the nrinary bladder and after snrgery, as well as restoring normal nrinary eontrol. 


Abseesses in Semìnal Glands 

Loealized eolleetions of pus (abseesses) in the seminal 
glands may rnptnre, allowing pus to enter the peritoneal 
eavity. Seminal glands ean be palpated dnring a reetal 
examination, espeeially if enlarged or full. They are palpated most 
easily when the bladder is moderately fuU. They ean also be mas- 
saged to release their seeretions for mieroseopie examination to 
deteet gonoeoeei (organisms that cause gonorrhea), for example. 



Hypertrophy of Prostate 

The prostate is of eonsiderable medieal interest 
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MALE INTERNAL GENITAL ORGANS 

Ductus deferens: The eord-like ductus deferens is the 
primary eomponent of the spermatie eord, conducting 
sperms from the epididymis to the ejaculatory duct. ♦ The 
distal portion of the ductus is superficial vvithin the scrotum 
(and, therefore, easily aeeessible for deferenteetomy or vasee- 
tomy) before it penetrates the anterior abdominal wall via the 
inguinal eanal. ♦ The pelvie portion of the ductus lies imme- 
diately external to the peritoneum, with its terminal portion 
enlarging externally as its lumen beeomes tortuous internally, 
forming the ampulla of the ductus deferens. 

Semìnal glands, ejaculatory ducts, and prostate: 
Obliquely plaeed seminal glands eonverge at the base of the 
bladder, where eaeh of their ducts merges with the ipsilat- 
eral ductus deferens to form an eJaculatory duct. ♦ The two 
eJaculatory ducts immediately enter the posterior aspeet of 


the prostate, running elosely parallel through the gland to 
open on the seminal colliculus. ♦ Prostatie ducts open into 
prostatie sinuses, adjaeent to the seminal colliculus. Thus, the 
major glandular seeretions and sperms are delivered to the 
prostatie urethra. ♦ The seminal glands and prostate produce 
by far the greatest portion ofthe seminal fluid, indispensable 
for transport and delivery of sperms. ♦ These internal genital 
organs, loeated within the anterior male pelvis, reeeive blood 
from the inferior vesiele and middle reetal arteries, which drain 
into the continuous prostatie/vesiele venous plexus. ♦ Sym- 
pathetie fibers from lumbar levels stimulate the eontraetion 
and seeretion resulting in eJaculation. ♦ The function of para- 
sympathetie fibers from S2-S4 to the internal genital organs is 
unclear, but those traversing the prostatie nerve plexus to form 
the cavernous nerves produce ereetion. 


Female Internal Genital Organs 

The female internal genital organs inelnde the ovaries, nter- 
ine tnbes, nterns, and vagina. 

OVARIES 

The ovaries are almond-shaped and -sized female gonads in 
which the ooeytes (female gametes or germ eells) develop. They 
are also endoerine glands that prodnee reprodnetive hormones. 
Eaeh ovary is snspended by a short peritoneal fold or mesentery, 
the mesovannm (Fig. 3.39A). The mesovarinm is a snbdivision 
of a larger mesentery of the ntems, the hroad lìgament. 

In prepnbertal females, the eonneetive tissne eapsnle {tnniea 
alhnginea of the ovary ) eomprising the snrfaee of the ovary is 
eovered by a smooth layer of ovarian mesothelinm or snrfaee 
(germinal) epithelinm, a single layer of enboidal eells that gives 
the snrfaee a dnll, grayish appearanee, eontrasting with the shiny 
snrfaee of the adjaeent peritoneal mesovarinm with which it is 
eontinnons (Fig. 3.39B). After pnberty, the ovarian snrfaee epi- 
thelinm beeomes progressively searred and distorted beeanse of 
the repeated mptnre of ovarian foUicles and diseharge of ooeytes 
dnring ovnlation. The searring is less in women who have been 
taking oral eontraeeptives that inhibit ovnlation. 

The ovarian vessels, lymphaties, and nerves eross the pelvie 
brim, passing to and from the snperolateral aspeet of the ovary 
within a peritoneal fold, the suspensory ligament of the 
ovary, which beeomes eontinnons with the mesovarinm of the 
broad ligament. Medially within the mesovarinm, a short liga- 
ment of ovary tethers the ovary to the nterns. Consequently 
the ovaries are typieally fonnd laterally between the nterns 
and the lateral pelvie wall dnring a mannal or nltrasonie pelvie 
examination (Fig. 3.40). The ligament of ovary is a remnant 
of the snperior part of the ovarian gnbernaenlnm of the fetns 
(see Fig. 2.17B, p. 206). The ligament of the ovary eonneets 


the proximal (nterine) end of the ovary to the lateral angle of 
the nterns, jnst inferior to the entranee of the nterine tnbe 
(Fig. 3.39A). Beeanse the ovary is snspended in the perito- 
neal eavity and its snrfaee is not eovered by peritonenm, the 
ooeyte expelled at ovnlation passes into the peritoneal eavity. 
However, its intraperitoneal life is short beeanse it is normally 
trapped by the fìmbriae of the infnndibnlnm of the nterine 
tnbe and earried into the ampnlla, where it may be fertilized. 

UTERINE TUBES 

The ateríne tubes (formerly ealled ovidnets or fallopian tnbes) 
eondnet the ooeyte, diseharged monthly from an ovary dnring 
ehild-bearing years, from the peri-ovarian peritoneal eavity to 
the nterine eavity. They also provide the nsnal site of fertiliza- 
tion. The tnbes extend lateraUy from the nterine horns and open 
into the peritoneal eavity near the ovaries (Fig. 3.39A & B). 

The nterine tnbes (approximately 10 em long) lie in a narrow 
mesentery, the mesosalpinx, forming the free anterosnperior 
edges of the broad ligaments. In the “ideal” disposition, as 
typieally illnstrated, the tnbes extend symmetrieally postero- 
laterally to the lateral pelvie waUs, where they areh anterior 
and snperior to the ovaries in the horizontally disposed broad 
ligament. In reality, as seen in an nltrasonnd examination, the 
tnbes are eommonly asymmetrieally arranged with one or the 
other often lying snperior and even posterior to the nterns. 

The nterine tnbes are divisible into fonr parts, from lateral 
to medial: 

(1) Infundibulum; the fnnnel-shaped distal end of the 
tnbe that opens into the peritoneal eavity throngh the 
abdominal ostinm. The fìnger-like proeesses of the 
fìmbriated end of the infnndibnlnm (fimbriae) spread 
over the medial snrfaee of the ovary; one large ovarian 
fimbria is attaehed to the snperior pole of the ovary. 
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FIGIJRE 3.39. Internal female genital organs. A. Isolated disseetion speeimen eonsisting of the ovaries, uterine tubes, uterus, and related structures. The 
broad ligament is removed on the left side. B. This eoronal seetion demonstrates the internal structure of the female genital organs. The epoophoron is a 
eolleetion of rudimentary tubules in the mesosalpinx (mesentery of uterine tube). The epoophoron and vesicular appendage are vestiges of the embryonie 
mesonephros. 
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FIGIJRE 3.40. Ovarìes and uterus as revealed by ultrasound seannìng. 

The diagram on the right is a graphie interpretation of the image. 


(2) Ampulla; the widest and longest part of the tnbe, whieh 
begins at the medial end of the infnndibnlnm; fertiliza- 
tion of the ooeyte nsnally oeenrs in the ampnlla. 

(3) Isthmns; the thiek-walled part of the tnbe, which enters 
the nterine horn. 

(4) IJterine part; the short intramnral segment of the tnbe 
that passes throngh the wall of the nterns and opens via 
the nterine ostinm into the nterine eavity at the nterine 
horn. 


Arteríal Supply and Venous Draínage of Ovaries 
and IJterine Tubes. The ovarian arteries arise from the 
abdominal aorta (see Fig. 3.16; Table 3.4) and deseend 
along the posterior abdominal wall. At the pelvie brim, they 
eross over the external iliae vessels and enter the snspen- 
sory ligaments (Fig. 3.39A), approaehing the lateral aspeets 
of the ovaries and nterine tnbes. The aseending branehes of 
the nterine arteries (branehes of the internal iliae arteries) 
eonrse along the lateral aspeets of the nterns to approaeh 
the medial aspeets of the ovaries and tnbes (Figs. 3.18B and 
3.41). Both the ovarian and aseending nterine arteries termi- 
nate by bifnreating into ovarian and tnhal hranehes, which 
snpply the ovaries and tnbes from opposite ends and anasto- 
mose with eaeh other, providing a eollateral eirenlation from 
abdominal and pelvie sonrees to both strnetnres. 

Veins draining the ovary form a vine-like pampini- 
form plexus of veins in the broad ligament near the ovary 
and nterine tnbe (Fig. 3.41). The veins of the plexus nsn- 
ally merge to form a singnlar ovarian vein, which leaves 
the lesser pelvis with the ovarian artery. The right ovarian 
vein aseends to enter the inferior vena eava; the left ovar- 
ian vein drains into the left renal vein (Fig. 3.19). The tnhal 
veins drain into the ovarian veins and nterine (nterovaginal) 
venons plexus (Fig. 3.41). 
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FIGIJRE 3.41. Blood supply and venous draìnage of uterus, vagina, and ovaries. The broad ligament ofthe uterus is removed on eaeh side ofthe uterus 
to show the anastomosing branehes of the ovarian artery from the aorta and the uterine artery from the internal iliae artery supplying the ovary, uterine tube, 
and uterus. The veins follow a similar pattern, fìowing retrograde to the arteries, but are more plexiform, including a pampiniform plexus related to the ovary 
and continuous uterine and vaginal plexuses (eolleetively, the uterovaginal plexus). 
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FIGIJRE 3.42. Nerve supply of ovaries and female internal genital 
organs. In addition to autonomic (viseeral motor) fibers, these nerves eon- 
vey viseeral afferent fibers from these organs. The inferior part ofthe vagina 
is not depieted because it reeeives somatie innervation. 


Innervatíon of Ovaries and Llterine Tubes. The 

nerve snpply derives partly from the ovarian plexus, deseend- 
ing with the ovarian vessels, and partly from the nterine 
(pelvie) plexus (Fig. 3.42). The ovaries and nterine tnbes 
are intraperitoneal and, therefore, are snperior to the pelvie 
pain line (see Table 3.3). Thns, viseeral afferent pain fibers 
aseend retrogradely with the deseending sympathetie fibers 
of the ovarian plexus and Inmbar splanehnie nerves to eell 
bodies in the Tll-Ll spinal sensory ganglia. Viseeral affer- 
ent refiex fibers follow parasympathetie fibers retrogradely 
throngh the nterine (pelvie) and inferior hypogastrie plexuses 
and the pelvie splanehnie nerves to eell bodies in the S2-S4 
spinal sensory ganglia. 

UTERUS 

The uterus (womb) is a thick-walled, pear-shaped, hol- 
low mnsenlar organ. The embryo and fetns develop in 
the nterns. Its mnsenlar walls adapt to the growth of the 
fetns and then provide the power for its expulsion dnring 
ehildbirth. The non-gravid (non-pregnant) nterns nsnally 
lies in the lesser pelvis, with its body lying on the nrinary 
bladder and its cervix between the nrinary bladder and 

reetnm (Fig. 3.43A). 


The nterns is a very dynamie strnetnre, the size and pro- 
portions of which ehange dnring the varions ehanges of life 
(see the blne box “Lifetime Ghange in Normal Anatomy of 
Uterus,” on p. 393). 

The adnlt nterns is nsnally anteverted (tipped antero- 
snperiorly relative to the axis of the vagina) and anteflexed 
(fiexed or bent anteriorly relative to the cervix, ereating the 
angle offlexion) so that its mass lies over the bladder. Con- 
sequently, when the bladder is empty, the nterns typieally 
lies in a nearly transverse plane (Figs. 3.43AB & 3.44A). The 
position of the nterns ehanges with the degree of fnllness of 
the bladder (Fig. 3.44B) and reetnm, and stage of pregnaney. 
Althongh its size varies eonsiderably, the non-gravid nterns 
is approximately 7.5 em long, 5 em wide, and 2 em thiek and 
weighs approximately 90 g. The nterns is divisible into two 
main parts (Fig. 3.43B): the body and cervix. 

The body of the uterus, forming the snperior two thirds of 
the organ, inelndes the fundus of the uterus, the ronnded part 
that lies snperior to the nterine ostia (Fig. 3.39B). The body lies 
between the layers of the broad ligament and is freely movable 
(Fig. 3.39A). It has two snrfaees: vesieal (related to the blad- 
der) and intestinal. The body is demareated from the cervix by 
the isthmus of the uterus, a relatively eonstrieted segment, 
approximately 1 em long (Figs. 3.39A & B and 3.43B). 

The cervix of the uterus is the eylindrieal, relatively nar- 
row inferior third of the nterns, approximately 2.5 em long 
in an adnlt non-pregnant woman. For deseriptive pnrposes, 
two parts are deseribed: a supravaginal part between the 
isthmns and the vagina, and a vaginal part, which protrndes 
into the snperiormost anterior vaginal wall (Fig. 3.43B). 
The ronnded vaginal part snrronnds the external os of the 
uterus and is snrronnded in tnrn by a narrow reeess, the 
vaginal fornix (Fig. 3.43C). The snpravaginal part is sepa- 
rated from the bladder anteriorly by loose eonneetive tissne 
and from the reetnm posteriorly by the recto-uterine pouch 

(Fig. 3.43A). 

The slit-like uterine eavity is approximately 6 em 
in length from the external os to the wall of the fnndns 
(Fig. 3.39B). The nterine horns (L. cornua) are the 
snperolateral regions of the nterine eavity, where the 
nterine tnbes enter. The nterine eavity eontinnes infe- 
riorly as the eervieal eanal. The fnsiform eanal extends 
from a narrowing inside the isthmns of the nterine body, 
the anatomieal internal os, throngh the snpravaginal 
and vaginal parts of the cervix, eommnnieating with the 
Inmen of the vagina throngh the external os. The nterine 
eavity (in partienlar, the eervieal eanal) and the Inmen of 
the vagina together eonstitnte the birth eanal, throngh 
which the fetns passes at the end of gestation. 

The wall of the body of the nterns eonsists of three eoats, 
or layers: 

• Perimetrinm —the serosa or onter serons eoat—eonsists of 
peritonenm snpported by a thin layer of eonneetive tissne. 

• Myometrium —the middle eoat of smooth mnsele— 
beeomes greatly distended (more extensive bnt mneh 
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FIGIJRE 3.43. Uterus and vagina. A and B. The disposition of the uterus is demonstrated in situ (A) and in isolation (B) in median seetions. A. When 
the bladder is empty, the typieal uterus is anteverted and antefìexed. B. The two main parts of the uterus, the body and cervix, are separated by the isthmus. 
Knowledge of fijrther subdivisions of the main parts is espeeially important for such things as deseribing the loeation of tumors, sites of attaehment of the 
plaeenta, and eonsidering the consequences. C is an enlarged view ofthe outlined area in A. Note in (A) and (C) that the axes ofthe urethra and vagina are 
parallel, and the urethra is adherent to the anterior vaginal wall. Plaeing a gloved fìnger in the vagina ean help direet the insertion ofa eatheter through the 
urethra into the bladder. D. A transverse seetion through the inferior female pelvie organs as they penetrate the pelvie fìoor through the urogenital hiatus (the 
gap between the right and the left sides of the levator ani) demonstrates the typieal disposition of the non-distended lumina. 


thinner) dnring pregnaney. The main branehes of the 
blood vessels and nerves of the nterns are loeated in this 
eoat. Dnring ehildbirth, eontraetion of the myometrinm 
is hormonally stimnlated at intervals of deereasing length 
to dilate the eervieal os and expel the fetns and plaeenta. 
Dnring the menses, myometrial eontraetions may pro- 
dnee eramping. 


• Endometrium —the inner mneons eoat—is firmly 
adhered to the nnderlying myometrinm. The endome- 
trinm is aetively involved in the menstrnal eyele, differing 
in strnetnre with eaeh stage of the eyele. If eoneeption 
oeenrs, the blastoeyst beeomes implanted in this layer; if 
eoneeption does not oeenr, the inner snrfaee of this eoat 
is shed dnring menstrnation. 
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FIGIJRE 3.44. Imaging of female pelvie viseera. A. Because the uterus is 
nearly horizontally disposed when anteverted and antefìexed overthe 
bladder, most of its body, including the fundus, appears in this transverse 
CT sean. (Courtesy of Dr. Donald R. Cahill, Department ofAnatomy, 

Mayo Medieal Sehool, Roehester, MN.) B. Temporary retroversion and 
retrofìexion result when a fully distended urinary bladder temporarily ret- 
roverts the uterus and deereases its angle of fìexion. Compare with 
Figure 3.43A. (Courtesy of Dr. A. M. Arenson, Assistant Professorof 
Medieal Imaging, Llniversity ofToronto, Toronto, ON, Canada.) 


The amount of muscular tissue in the cervix is markedly less 
than in the body of the uterus. The cervix is mostly fibrous 
and is eomposed mainly of eollagen with a small amount of 
smooth muscle and elastin. 

Ligaments of Lltems. Externally, the ligament of the 

ovary attaehes to the uterus postero-inferior to the utero- 
tubal junction (Fig. 3.39A & B). The ronnd ligament of the 
nterns (L. ligamentnm teres uteri) attaehes antero-inferiorly 
to this jnnetion. These two ligaments are vestiges of the ovar- 
ian guhernaeulum, related to the reloeation of the gonad 
from its developmental position on the posterior abdominal 

wall (Fig. 2.17A). 


The hroad ligament of the nterns is a double layer 
of peritoneum (mesentery) that extends from the sides of 
the uterus to the lateral walls and fioor of the pelvis (Fig. 
3.39A). This ligament assists in keeping the uterus in posi- 
tion. The two layers of the broad ligament are continuous 
with eaeh other at a free edge that surrounds the nterine 
tube. Laterally, the peritoneum of the broad ligament is 
prolonged snperiorly over the vessels as the suspensory 
ligament of the ovary. Between the layers of the broad liga- 
ment on eaeh side of the uterus, the ligament of the ovary 
lies posterosuperiorly and the round ligament of the uterus 
lies antero-inferiorly. The nterine tube lies in the antero- 
snperior free border of the broad ligament, within a small 
mesentery ealled the mesosalpinx. Similarly, the ovary lies 
within a small mesentery ealled the mesovarium on the 
posterior aspeet of the broad ligament. The largest part of 
the broad ligament, inferior to the mesosalpinx and mes- 
ovarinm, which serves as a mesentery for the uterus itself, 
is the mesometrium. 

The uterus is a dense structure loeated in the eenter 
of the pelvie eavity. The prineipal snpports of the uterus 
holding it in this position are both passive and aetive or 
dynamie. Dynamie support of the uterus is provided by 
the pelvie diaphragm. Its tone during sitting and standing 
and aetive eontraetion during periods of inereased intra- 
abdominal pressnre (sneezing, eonghing, ete.) is trans- 
mitted throngh the surrounding pelvie organs and the 
endopelvie faseia in which they are embedded. Passive 
support of the uterus is provided by its position—the way 
in which the normally anteverted and anteflexed uterus 
rests on top of the bladder. When intra-abdominal pres- 
sure is inereased, the uterus is pressed against the bladder. 
The cervix is the least mobile part of the uterus because 
of the passive support provided by attaehed eondensations 
of endopelvie faseia (ligaments), which may also eontain 
smooth muscle (Figs. 3.13 and 3.14): 

• Oardinal (transverse eervieal) ligaments extend from the 
snpravaginal cervix and lateral parts of the fornix of the 
vagina to the lateral walls of the pelvis (Fig. 3.14). 

• JJterosaeral ligaments pass snperiorly and slightly poste- 
riorly from the sides of the cervix to the middle of the 
sacrum; they are palpable during a reetal examination. 

Together these passive and aetive snpports keep the uterus 
eentered in the pelvie eavity and resist the tendeney for 
the uterus to fall or be pushed through the vagina (see the 
blue box “Disposition of Uterus and Uterine Prolapse,” 

p. 392). 

Relations of IJtems. Peritonenm eovers the uterus 
anteriorly and snperiorly, except for the cervix (Fig. 3.39A). 
The peritonenm is refieeted anteriorly from the uterus onto 
the bladder and posteriorly over the posterior part of the for- 
nix of the vagina to the rectum (Fig. 3.43A). Anteriorly, the 
nterine body is separated from the nrinary bladder by the 
vesico-uterine pouch, where the peritonenm is refieeted 
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from the uterus onto the posterior margin of the snperior 
snrfaee of the bladder. Posteriorly, the nterine body and 
snpravaginal part of the cervix are separated from the sig- 
moid eolon by a layer of peritonenm, and the peritoneal 
eavity and from the reetnm by the recto-uterine pouch. Lat- 
erally, the nterine artery erosses the nreter snperiorly, near 
the cervix (Fig. 3.41). 

Snmmary of the relations of the uterus (Fig. 3.45): 

• Anteriorly (antero-inferiorly in its normal anteverted posi- 
tion): the vesieo-nterine pouch and snperior snrfaee of the 
bladder; the snpravaginal part of the cervix is related to 
the bladder and is separated from it by only fìbrons eon- 
neetive tissne. 

• Posteriorly: the recto-uterine pouch eontaining loops of 
small intestine and the anterior snrfaee of reetnm; only 
the viseeral pelvie faseia nniting the reetnm and uterus 
here resists inereased intra-abdominal pressnre. 

• Laterally: the peritoneal broad ligament fìanking the 
nterine body and the faseial eardinal ligaments on eaeh 
side of the cervix and vagina; in the transition between 
the two ligaments, the nreters run anteriorly slightly 
snperior to the lateral part of the vaginal fornix and 
inferior to the nterine arteries, usually approximately 
2 em lateral to the supravaginal part of the cervix (see 

Fig. 3.13A). 


Arteríal Supply and Venous Draínage ofUterus. The 

blood snpply of the uterus derives mainly from the nterine 
arteries, with potential eollateral snpply from the ovarian 
arteries (Fig. 3.41). The nterine veins enter the broad liga- 
ments with the arteries and form a uterine venons plexus 
on eaeh side of the cervix. Veins from the nterine plexus 
drain into the internal iliae veins. 

VAGINA 

The vagina, a distensible musculomembranous tube (7-9 
em long), extends from the middle cervix of the uterus 
to the vaginal orifiee, the opening at the inferior end of 

the vagina (Figs. 3.39B and 3.43A & C). The vaginal ori- 
fìee, external nrethral orifìee, and ducts of the greater and 
lesser vestibnlar glands open into the vestibnle of the 
vagina, the eleft between the labia minora. The vaginal 
part of the cervix lies anteriorly in the snperior vagina. 
The vagina: 

• serves as a eanal for menstrnal fìuid, 

• forms the inferior part of the birth eanal, 

• reeeives the penis and ejaenlate dnring sexual intercourse, 
and 

• eommnnieates snperiorly with the eervieal eanal and infe- 
riorly with the vestibnle of the vagina. 
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FIGIJRE 3.45. Relatìonshìp of the female pelvie viseera. The peritoneum is intaet, lining the pelvie eavity and eovering the superior aspeet of the bladder, 
fundus and body of uterus, and much ofthe rectum. In this supine eadaver, the uterine tube and meso salpinx on eaeh side are hanging dovvn, obscuring the 
ovaries from view. The uterus is typieally asymmetrieally plaeed, as it is here. The round ligament ofthe uterus follows the same subperitoneal course as the 
ductus deferens of the male. 
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The vagina is nsnally eollapsed. The orifiee is nsnally eol- 
lapsed toward the midline so that its lateral walls are in eon- 
taet on eaeh side of an anteroposterior slit. Snperior to the 
orifiee, however, the anterior and posterior walls are in eon- 
taet on eaeh side of a transverse potential eavity, H-shaped in 
eross seetion (Fig. 3.43D), except at its snperior end where 
the cervix holds them apart. The vagina lies posterior to the 
nrinary bladder and nrethra, the latter projeeting along the 
midline of its inferior anterior wall (Fig. 3.39B). The vagina 
lies anterior to the reetnm, passing between the medial mar- 
gins of the levator ani (pnboreetalis) mnseles. The vaginal 
fornix, the reeess aronnd the cervix, has anterìor, posterior, 
and lateral parts (Figs. 3.39A and 3.43C). The posterior 
vaginal fornix is the deepest part and is elosely related to 
the reeto-nterine poneh. Fonr mnseles eompress the vagina 
and aet as sphineters: pnbovaginalis, external nrethral 
sphineter, nrethrovaginal sphineter, and hnlhospongiosns 

(Fig. 3.46). 

The vagina is related (Fig. 3.27): 

• anteriorly to the fnndns of the nrinary bladder and 
nrethra; 

• laterally to the levator ani, viseeral pelvie faseia, and 
nreters; and 

• posteriorly (from inferior to snperior) to the anal eanal, 
reetnm, and reeto-nterine poneh. 

ARTERIAL SUPPLY AND VENOUS DRAINAGE 
OF VAGINA 

The arteries snpplying the snperior part of the vagina derive 
from the nterine arteries.The arteries snpplying the middle 
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FIGIJRE 3.46. Muscles eompressing urethra and vagina. Muscles that 
eompress the vagina and aet as sphineters include the pubovaginalis, exter- 
nal urethral sphineter (espeeially its urethrovaginal sphineter part), and 
bulbospongiosus. The eompressor urethrae and external urethral sphineter 
eompress the urethra. 


and inferíor parts of the vagina derive from the vaginal and 
internal pndendal arteries (Figs. 3.18 and 3.41). 

The vaginal veins form vaginal venons plexuses along 
the sides of the vagina and within the vaginal mneosa 
(Fig. 3.41). These veins are eontinnons with the nterine 
venons plexus as the nterovaginal venons plexus, and 
drain into the internal iliae veins throngh the nterine vein. 
This plexus also eommnnieates with the vesieal and reetal 
venons plexuses. 

INNERVATION OF VAGINA AND UTERUS 

Only the inferior one fifth to one quarter of the vagina is 
somatie in terms of innervation. Innervation of this part of 
the vagina is from the deep perineal nerve, a braneh of the 
pndendal nerve, which eonveys sympathetie and viseeral affer- 
ent fibers bnt no parasympathetie fibers (Fig. 3.47). Only this 
somatieally innervated part is sensitive to toneh and tempera- 
tnre, even thongh the somatie and viseeral afferent fibers have 
their eell bodies in the same (S2-S4) spinal ganglia. 

Most of the vagina (snperior three quarters to fonr fifths) 
is viseeral in terms of its innervation. Nerves to this part of 
the vagina and to the nterns are derived from the uterovagi- 
nal nerve plexus, which travels with the nterine artery at 
the jnnetion of the base of the (peritoneal) broad ligament 
and the snperior part of the (faseial) transverse eervieal lig- 
ament. The nterovaginal nerve plexus is one of the pelvie 
plexuses that extends to the pelvie viseera from the inferior 
hypogastrie plexus. Sympathetie, parasympathetie, and vis- 
eeral afferent fibers pass throngh this plexus. 

Sympathetie innervation oríginates in the inferíor thoraeie 
spinal eord segments and passes throngh Inmhar splanehnie 
nerves and the intermesenterie-hypogastrie-pelvie series 
of plexuses. Parasympathetie innervation originates in the 
S2-S4 spinal eord segments and passes throngh the pelvie 
splanehnie nerves to the inferior hypogastrie-nterovaginal 
plexus. The viseeral afferent innervation of the snperior 
(intraperitoneal; fnndns and body) and inferior (snbperito- 
neal; eervieal) parts of the nterns and vagina differ in terms 
of eonrse and destination. Viseeral afferent fibers eondnet- 
ing pain impnlses from the intraperitoneal nterine fnndns 
and body (snperior to the pelvie pain line) follow the sym- 
pathetie innervation retrograde to reaeh eell bodies in the 
inferior thoraeie-snperior Inmbar spinal ganglia. Afferent 
fibers eondneting pain impnlses from the snbperitoneal nter- 
ine cervix and vagina (inferior to the pelvie pain line) follow 
the parasympathetie fibers retrograde throngh the nterovagi- 
nal and inferior hypogastrie plexuses and pelvie splanehnie 
nerves to reaeh eell bodies in the spinal sensory ganglia of 
S2-S4. The two different rontes followed by viseeral pain 
fibers is elinieally signifieant in that it offers mothers a vari- 
ety of types of anesthesia for ehildbirth (see the blne box 
“Anesthesia for Ghildbirth,” on p. 397). All viseeral afferent 
fibers from the nterns and vagina not eoneerned with pain 
(those eonveying nneonseions sensations) also follow the 
latter ronte. 
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FIGIJRE 3.47. Innervatìon of female ìnternal genìtal organs. Pelvie splanehnie nerves, arising from the S2-S4 anterior rami, supply parasympathetie 
motor fibers to the uterus and vagina (and vasodilator fibers to the ereetile tissue of the elitoris and bulb of the vestibule; not shown). Presynaptie sympa- 
thetie fibers traverse the sympathetie trunk and pass through the lumbar splanehnie nerves to synapse in prevertebral ganglia with postsynaptie fibers; the 
latter fibers travel through the superior and inferior hypogastrie plexuses to reaeh the pelvie viseera. Viseeral afferent fibers conducting pain from intraperito- 
neal structures (such as the uterine body) travel with the sympathetie fibers to the T12-L2 spinal ganglia. Viseeral afferent fibers conducting pain from sub- 
peritoneal structures, such as the cervix and vagina (i.e., the birth eanal), travel with parasympathetie fibers to the S2-S4 spinal ganglia. Somatie 
sensation from the opening of the vagina also passes to the S2-S4 spinal ganglia via the pudendal nerve. In addition, muscular eontraetions of the uterus are 
hormonally induced. 
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FEMALE INTERNAL 
GENITAL ORGANS 


infeetions of Female Genìtal Traet 



Because the female genital traet communicates with 
the peritoneal eavity throngh the abdominal ostia of 
the nterine tubes, infeetions of the vagina, uterus, and 
tubes may result in peritonitis. Gonversely, inflammation of a 
tube (salpingitis) may result from infeetions that spread from 
the peritoneal eavity. A major cause of infertility in women is 
bloekage of the nterine tubes, often the resnlt of salpingitis. 


Pateney of ITterine Tnbes 

HYSTEROSALPINGOGRAPHY 

Pateney of the nterine tubes may be determined 
by a radiographie proeednre involving injeetion 
of a water-soluble radiopaque material or earbon dioxide 
gas into the uterus and tubes through the external os of the 
uterus (hysterosalpingography). The eontrast medinm trav- 
els throngh the nterine eavity and tubes {arroioheads in Fig. 
B3.13). Accumulation of radiopaque fluid or the appearanee 
of gas bnbbles in the parareetal fossae region of the perito- 
neal eavity indieates that the tubes are patent. 

ENDOSeOPY 

Pateney of the nterine tubes ean also be determined by hyster- 
oseopy, examination of the interior of the tubes using a narrow 
endoseopie instrnment (hysteroseope), which is introdneed 
throngh the vagina and uterus. 


and are soon absorbed. Most snrgieal sterilizations are done 
by either abdominal tubal ligation or laparoseopie tubal liga- 
tion. Open ahdominal tnhal ligation is usually performed 
through a short suprapubic ineision made at the pubic hair- 
line (Fig. B3.14A) and involves interrnption, often with 
removal of a segment of the tube, and tubal closure by 
suture ligation. Laparoseopie tnhal ligation is done with a 
flber optie laparoseope inserted throngh a small ineision, 
usually near the umbilicus (Fig. B3.14B). In this proeednre, 
tubal continuity is interrupted by applying eantery, rings, or 
elips. 


Dehida 



Ligatìon of IJterìne Tnbes 



Ligation of the nterine tnhes is a snrgieal method of 
birth eontrol. Ooeytes diseharged from the ovaries 
that enter the tubes of these patients degenerate 



FIGIJRE B3.13. Hysterosalpingogram. Arrowheads, uterine tubes; 
e, eatheter in the eervieal eanal, vs, vaginal speculum. 



(B) Laparoseopie tubal ligation 

FIGURE B3.14. 
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Eetopìe Tubal Pregnaney 

In some women, eolleetions of pns may develop in a 
nterine tnbe {pyosalpinx) and the tnbe may be partly 
oeelnded by adhesions. In these eases, the mornla 
early embryo) may not be able to pass along the tnbe to the 
nterns, althongh sperms have obvionsly done so. When the 
blastoeyst forms, it may implant in the mneosa of the nterine 
tnbe, prodneing an eetopie tnhal pregnaney. Althongh implan- 
tation may oeenr in any part of the tnbe, the eommon site is in 
the ampnlla (Fig. B3.15). Tnbal pregnaney is the most eommon 
type of eetopie gestation; it oeenrs in approximately 1 of every 
250 pregnaneies in North Ameriea (Moore et al., 2012). If not 
diagnosed early, eetopie tnbal pregnaneies may resnlt in rnp- 
tnre of the nterine tnbe, and severe hemorrhage into the 
abdominopelvie eavity dnring the first 8 weeks of gestation. 
Tnbal mptnre and hemorrhage eonstitnte a threat to the moth- 
er’s life and resnlt in death of the embryo. 

On the right side, the appendix often lies elose to the ovary 
and nterine tnbe. This elose relationship explains why a rup- 
tured tuhal pregnaney and the resnlting peritonitis may be 
misdiagnosed as aente appendieitis. In both eases, the pari- 
etal peritonenm is inflamed in the same general area, and the 
pain is referred to the right lower quadrant of the abdomen. 


Tubal (isthmie) 


Abdominal 


Tubal (ampullar) 



Infundibular 


Posterior view 


FIGIJRE B3 .15. Sites of eetopie pregnaney. 


Remnants of Embryonie Dnets 

Oeeasionally the mesosalpinx between the nterine 
tnbe and the ovary eontains embryonie remnants 



(Fig. 3.39B). The epoophoron forms from remnants 
of the mesonephrie tnbnles of the mesonephros, the transi- 
tory embryonie kidney. There may also be a persistent duct 
of the epoophoron (dnet of Gartner), a remnant of the meso- 
nephrie dnet that forms the dnetns deferens and ejaenlatory 
dnet in the male. It lies between layers of the broad ligament 
along eaeh side of the nterns and/or vagina. A vesienlar 
appendage is sometimes attaehed to the infnndibnlnm of the 
nterine tnbe. It is the remains of the eranial end of the meso- 
nephrie dnet that forms the ductus epididymis. Althongh 


these vestigial strnetnres are mostly of embryologieal and 
morphologieal interest, they oeeasionally aeenmnlate flnid 
and form eysts (e.g., Gartner dnet eysts). 


Bieornate Uterus 



ineomplete fnsion of the embryonie parameso- 
nephrie dnets, from which the nterns is formed, 
resnlts in a variety of eongenital anomalies, ranging 
from formation of a nnieornate nterns (reeeiving a nterine dnet 
only from the right or left) to dnplieation in the form of a bieor- 
nate nterns (Fig. B3.16), donbled nterine eavites, or a eom- 
pletely donbled ntems {uterus didelphys). 



FIGIJRE B3.16. Bieornate uterus. 7 and 2, uterine eavity; E, eervieal 
eanal; F, uterine tube; l, isthmus oftube, R, right side marker. (Reprinted 
vvith permission from Stuart GCE, Reid DF. Diagnostie studies. In: Gopeland 
LJ, ed. Textbook of Gyneeology, 2nd ed. Philadelphia: Saunders, 2000.) 


Dìspositìon of IJtenis 
and IJterine Prolapse 



When intra-abdominal pressnre is inereased, the nor- 
mally anteverted and anteflexed nterns is pressed 
against the bladder (Fig. B3.17A). However, the ntems 
may assnme other dispositions, inelnding excessive anteflexion 
(Fig. B3.17B), anteflexion with retroversion (Fig. B3.17G), and 
retroflexion with retroversion (Fig. B3.17D). Instead of pressing 
the ntems against the bladder, inereased intra-abdominal pres- 
snre tends to pnsh the retroverted ntems, a solid mass positioned 
npright over the vagina (a flexible, hollow tnbe), into or even 
throngh the vagina (Fig. B3.17E-G). A retroverted ntems will 
not neeessarily prolapse, bnt is more likely to do so. The sitnation 
is exacerbated in the presenee of a dismpted perineal body or 
with atrophie CTelaxed”) pelvie floor ligaments and mnseles (see 
the blne box “Dismption of Perineal Body” p. 414). 
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(A) Normal (anteverted, anteflexed) 



(B) Excessive anteflexion 




(D) Retroverted and 
retroflexed 


(C) Retroverted 



(E) First degree prolapse 



(F) Seeond degree prolapse 


Everted 

vaginal 

wall 



(G) Third degree prolapse 


FIGURE B3.17. 


Manual Examination of Uterus 



The size and disposition of the ntems may be exam- 
ined by hìmanual palpation (Fig. B3.18A). Two 
gloved fingers of the right hand are passed snperiorly 
in the vagina, while the other hand is pressed inferoposteriorly 
on the pnbie region of the anterior abdominal wall. The size 
and other eharaeteristies of the nterns ean be determined in 
this way (e.g., whether the nterns is in its normal anteverted 


position). When softening of the nterine isthmns oeenrs (Hegar 
sign), the eervix feels as thongh it were separated from the 
body. Softening of the isthmns is an early sign of pregnaney. 
The nterns ean be fnrther stabilized throngh reetovaginal 
examination, whieh is nsed if examination via the vagina alone 
does not yield elear findings (Fig. B3.18B). 


Lifetime Ghanges in Anatomy 
of Uterus 



The ntems is possibly the most dynamie strnetnre in 
hnman anatomy (Fig. B3.19). At birth, the nterns is 
relatively large and has adnlt proportions (body to 



Bimanaal palpation; uterus 
anteverted and anteflexed 


Reetovaginal examination; 
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Medial view 
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FIGURE B3.18. 
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(A-F) Anterior views of eoronaiiy-seetioned uteri 


(H) Uterus at end of pregnaney 





(I) Postpartum uterus 

(immediateiy foiiowing ehiidbirth) 



(G) Monthiy ehanges in size 
of uterus during pregnaney 


(J) Muitiparous** uterus 


FIGURE B3.19. 


eervieal ratio = 2:1) due to the prepartnm (before ehildbirth) 
influenee of the maternal hormones (Fig. B3.19A). Several 
weeks postpartnm (after ehildbirth), ehildhood dimensions 
and proportions are obtained: The body and eervix are approx- 
imately of equal length (body to eervieal ratio = 1:1), with the 
cervix being of greater diameter (thiekness) (Fig. B3.19B). 
Beeanse of the small size of the pelvie eavity dnring infaney, the 
uterus is mainly an abdominal organ. The cervix remains rela- 
tively large (approximately 50% of total uterus) throughout 
ehildhood. During pnherty, the uterus (espeeially its body) 
grows rapidly in size, onee again assnming adult proportions 
(Fig. B3.19C). In the postpnbertal, premenopansal, non-preg- 
nant woman, the body of the uterus is pear shaped; the thiek- 
walled superior two thirds of the uterus lies within the pelvie 
eavity (Fig. B3.19D). Dnring this phase of life, the uterus 


undergoes monthly ehanges in size, weight, and density in rela- 
tion to the menstrnal eyele. 

Over the 9 months of pregnaney, the gravid uterus 
expands greatly to aeeommodate the fetus, beeoming larger 
and inereasingly thin walled (Fig. B3.19G). At the end of 
pregnaney (B3.19G, line 10), the fetus “drops,” as the head 
beeomes engaged in the lesser pelvis. The uterus beeomes 
nearly membranons, with the fundus dropping below its 
highest level (aehieved in the 9th month), at which time it 
extends snperiorly to the eostal margin, oeenpying most of 
the abdominopelvie eavity (Fig. B3.19H). 

Immediately after delivery, the large uterus beeomes 
thiek walled and edematons (Fig. B3.19I), but its size 
reduces rapidly. The multiparous non-gravid uterus has a 
large and nodnlar body and usually extends into the lower 
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abdominal eavity, often eansing a slight protmsion of the 
inferior abdominal wall in lean women (Figs. B3.19E & J 

and 3.73B, p. 437). 

Dnring menopanse (46-52 years of age), the ntems 
(again, espeeially the body) deereases in size. Fostmeno- 
panse, the ntems is involnted and regresses to a markedly 
smaller size, onee again assnming ehildhood proportions 
(Fig. B3.19F). All these stages represent normal anat- 
omy for the partienlar age and reprodnetive statns of the 
woman. 


Cervical Ganeer, Gervieal 
Examination and Pap Smear 



Until 1940, eervieal eaneer was the leading eanse of 
death in North Ameriean women (Krebs, 2000). 
The deeline in the ineidenee and nnmber of women 
dying from eervieal eaneer is related to the aeeessibility of the 
cervix to direet visnalization, and to eell and tissne stndy by 
means of Pap (Papanieolaon) smears, leading to the detee- 
tion of premalignant eervieal eonditions (Gopeland, 2000; 
Morris and Bnrke, 2000). The vagina ean be distended with 
a vaginal speenlnm to enable inspeetion of the cervix (Fig. 
B3.20A & B). To prepare a Pap smear, a spatnla is plaeed in 
the external os of the ntems (Fig. B3.20A). The spatnla is 
rotated to serape eellnlar material from the mneosa of the 
vaginal cervix (Fig. B3.20C), followed by insertion of a eyto- 
bmsh into the eervieal eanal that is rotated to gather eellnlar 
material from the snpravaginal eervieal mneosa. The eellnlar 
material is then plaeed on glass slides for mieroseopie exami- 
nation (Fig. B3.20D & E). 


Beeanse no peritonenm intervenes between the ante- 
rior cervix and the base of the bladder, eervieal eaneer may 
spread by eontignity to the bladder. It may also spread by 
lymphogenons (lymph borne) metastasis to external or inter- 
nal iliae or saeral nodes. Hematogenons (blood borne) metas- 
tasis may oeenr via iliae veins or via the internal vertebral 
venons plexus. 

Hystereetomy 

Owing to the frequency of nterine and eervieal 
eaneer, hystereetomy, excision of the uterus (G. 
hystera), is a relatively eommon proeednre. The 
uterus may be surgically approaehed and removed (A) 
throngh the anterior abdominal wall, or (B) throngh the 
vagina (Fig. B3.21). 





Abdominal 
hystereetomy 


FIGURE B3.21. 
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FIGURE B3.20. 
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Distension of Vagina 



The vagina ean be markedly distended, partienlarly in 
the region of the posterior part of the fornix. For 
example, distension of this part allows palpation of the 
saeral promontory dnring a pelvie examination (see the blne 
box 'Telvie Diameters (Gonjngates),” p. 334). The distension 
also aeeommodates the ereet penis dnring intereonrse. 

The vagina is espeeially distended by the fetns dnring par- 
tnrition, partienlarly in an AP direetion when the fetns’s shonl- 
ders are delivered (Fig. B3.22). Lateral distension is limited 
by the isehial spines, whieh projeet posteromedially, and the 
saerospinons ligaments extending from these spines to the lat- 
eral margins of the saernm and coeeyx. The birth eanal is thns 
deep anteroposteriorly and narrow transversely at this point, 
eansing the fetns’s shonlders to rotate into the AP plane. 



Delivery of right shoulder 



Delivery of left shoulder 

FIGURE B3.22. 


Digital Pelvie Examination 

Beeanse of its relatively thin, distensible walls and 
eentral loeation within the pelvis, the cervix, isehial 
spines, and saeral promontory ean be palpated with 
the gloved digits in the vagina and/or reetnm {mannal pelvie 
examination). Pnlsations of the nterine arteries may also be felt 
throngh the lateral parts of the fomix, as may irregnlarities of 
the ovaries, sneh as eysts (Fig. B3.23). 




Manual digital 
exannination 
of vagina 


Palm of right hand on 
abdominal wall, with 
fingers pressing into 
abdominal wall to resist 
movement of uterus 
and adnexa away from 
palpating fingertips of 
ieft hand 


Medial views (from left) 


Bimanual palpation of 
uterine adnexa 
(aeeessory structures 
e.g., ovaries) 


FIGURE B3.23. 



Vaginal Fistnlae 

Beeanse of the elose relationship of the vagina to adja- 
eent pelvie organs, obstetrieal tranma dnring long and 
diffienlt labor may resnlt in weaknesses, neerosis, or 
tears in the vaginal wall and sometimes beyond. These may form 
or subsequently develop into abnormal passages {fistnlas) 
between the vaginal Inmen and the Inmina of the adjaeent blad- 
der, nrethra, and reetnm, or the perinenm (Fig. B3.24). Urine 
enters the vagina from both vesieovaginal and nrethrovaginal 
fistnlas, bnt the fiow is eontinnons from the former and oeenrs 
only dnring mietnrition from the latter. Feeal matter may be 
diseharged from the vagina when there is a reetovaginalfistnla. 



Drethrovaginal fistula 


Vaginoperineal fistula 


Medial view (from left) 
FIGURE B3.24. 
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Culdoscopy and Culdocentesìs 

An endoseopie instmment (enldoseope) ean be 
inserted throngh the posterior part of the vaginal for- 
nix to examine the ovaries or nterine tnbes (e.g., for 
the presenee of a tnbal pregnaney). Althongh it involves less 
disrnption of tissne, enldoseopy has been largely replaeed by 
laparoseopy, which, however, provides greater flexibility for 
operative proeednres and better visnalization of pelvie organs 
(see the blne box “Laparoseopie Examination of Pelvie Viseera,” 
p. 397). There is also less risk of baeterial eontamination of the 
peritoneal eavity. 

A pelvie abseess in the reeto-nterine poneh ean be drained 
throngh an ineision made in the posterior part of the vaginal 
fornix {enldoeentesìs). Similarly, flnid in the peritoneal eavity 
(e.g., blood) ean be aspirated by this technique (Fig. B3.25). 



FIGURE B3.25. 


Laparoseopie Examìnation 
of Pelvie Viseera 

Visnal examination of the pelvie viseera is espeeially 
nsefnl in diagnosing many eonditions affeeting the 
pelvie viseera, sneh as ovarian eysts and tnmors, 
endometriosis (the presenee of fnnetioning endometrial tissne 
ontside the nterns), and eetopie pregnaneies. Laparoseopy 
involves inserting a laparoseope into the peritoneal eavity 
throngh a small (approximately 2 em) ineision below the nmbi- 
liens (Fig. B3.26). Insnfflation of inert gas ereates a pnenmo- 
peritonenm to provide spaee to visnalize, and the pelvis is 
elevated so that gravity will pnll the intestines into the abdo- 
men. The nterns ean be externally manipnlated to faeilitate 
visnalization, or additional openings (ports) ean be made to 
introdnee other instrnments for manipnlation or to enable 
therapentie proeednres (e.g., ligation of the nterine tnbes). 


Operating laparoseope 
Dterine cannula \ 



(A) Laparoseopy of pelvie viseera 



(B) Laparoseopie view of normal pelvis 

FIGURE B3.26. 


Anesthesia for Ghildbirth 

Several options are available to women to rednee the 
pain and diseomfort experienced dnring ehildbirth. 
General anesthesia has advantages for emergeney 
proeednres and for women who ehoose it over regional anes- 
thesia. General anesthesia renders the mother nneonseions; 
she is unaware of the labor and delivery. Glinieians monitor and 
regnlate maternal respiration and both maternal and fetal ear- 
diae fnnetion. Ghildbirth oeenrs passively nnder the eontrol of 
maternal hormones with the assistanee of an obstetrieian. The 
mother is spared pain and diseomfort bnt is unaware of the 
earliest moments of her baby s life. 

Women who ehoose regional anesthesia, sneh as a spinal, 
pndendal nerve, or eandal epidnral bloek, often wish to par- 
tieipate aetively (e.g., nsing the Lamaze method) and be eon- 
seions of their nterine eontraetions to “bear down,” or pnsh, 
to assist the eontraetions and expel the fetns, yet do not wish 
to experience all the pain of labor. 
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Spinal anesthesia, in which the anesthetie agent is intro- 
dneed with a needle into the spinal snbaraehnoid spaee at 
the L3-L4 vertebral level (A in Fig. B3.27), prodnees eom- 
plete anesthesia inferior to approximately the waist level. 
The perinenm, pelvie floor, and birth eanal are anesthetized, 
and motor and sensory fnnetions of the entire lower limbs, 
as well as sensation of nterine eontraetions, are temporarily 
eliminated. The mother is eonseions, bnt she mnst depend 
on eleetronie monitoring of nterine eontraetions. If labor 
is extended or the level of anesthesia is inadequate, it may 
be diffienlt or impossible to re-administer the anesthesia. 
Beeanse the anesthetie agent is heavier than eerebrospinal 
flnid, it remains in the inferior spinal snbaraehnoid spaee 
while the patient is inelined. The anesthetie agent eirenlates 
into the eerebral snbaraehnoid spaee in the eranial eavity 
when the patient lies flat following the delivery. A severe 
headaehe is a eommon sequel to spinal anesthesia. 


A pndendal nerve hloek is a peripheral nerve bloek that pro- 
vides loeal anesthesia over the S2-S4 dermatomes (the major- 
ity of the perinenm) and the inferior quarter of the vagina (C in 
Fig. B3.27). It does not bloekpain from the snperior birth eanal 
(nterine cervix and snperior vagina), so the mother is able to 
feel nterine eontraetions. It ean be re-administered, bnt to do 
so may be dismptive and involve the nse of a sharp instrnment 
in elose proximity to the infant’s head. The anatomieal basis of 
the administration of a pndendal bloek is provided in the blne 
box “Pndendal and Ilio-ingninal Nerve Bloeks,” p. 433. 

The eandal epidnral hloek is a popnlar ehoiee for partiei- 
patory ehildbirth (B in Fig. B3.27). It mnst be administered 
in advanee of the aetnal delivery, whieh is not possible with a 
preeipitons birth. The anesthetie agent is administered nsing 
an in-dwelling eatheter in the saeral eanal, enabling admin- 
istration of more anesthetie agent for a deeper or more pro- 
longed anesthesia, if neeessary. Within the saeral eanal, the 
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FIGURE B3.27. 
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anesthesia bathes the S2-S4 spinal nerve roots, inelnding the 
pain fibers from the nterine cervix and snperior vagina, and 
the afferent fibers from the pndendal nerve. Thns the entire 
birth eanal, pelvie fioor, and majority of the perinenm are 
anesthetized, bnt the lower limbs are not nsnally affeeted. 
The pain fibers from the nterine body (snperior to the pel- 


vie pain line) aseend to the inferior thoraeie-snperior Inmbar 
levels; these and the fibers snperior to them are not affeeted 
by the anesthetie, so the mother is aware of her nterine eon- 
traetions. With epidnral anesthesia, no “spinal headaehe” 
oeenrs beeanse the vertebral epidnral spaee is not eontinnons 
with the eranial extradural (epidnral) spaee (see Ghapter 4). 


The Bottom Lìne 


FEMALE INTERNAL GENITAL ORGANS 

Ovarìes and uterìne tubes: The ovaries are suspended by 
two peritoneal folds: the mesovarium from the posterosuperior 
aspeet of the broad ligament, and the vascular suspensory liga- 
ment of the ovary from the lateral wall of the pelvis. ♦ They are 
attaehed to the uterus by the ligaments ofthe ovaries. ♦ The 
peritoneum ends at the ovary itself. It is replaeed on the sur- 
faee ofthe ovary with aduller, cuboidal epithelium. 

The uterine tubes are the conduits and the site of fertiliza- 
tion for ooeytes diseharged into the peritoneal eavity. ♦ Cours- 
ing in a peritoneal fold (mesosalpinx) that makes up the 
superior margin of the broad ligament, eaeh uterine tube 
has a fimbriated, funnel-like infundibulum, a wide ampulla, 
a narrow isthmus, and a short uterine part that traverses 
the uterine wall to enter the eavity. 

The ovaries and uterine tubes reeeive a double (eollateral) 
blood supply from the abdominal aorta via the ovarian arter- 
ies and from the internal iliae arteries via the uterine arteries. 

♦ Th is eollateral circulation allows the ovaries to be spared to 
supply estrogen when a hystereetomy neeessitates ligation of the 
uterine arteries. ♦ Sympathetie and viseeral afferent pain fibers 
travel with the ovarian vessels. ♦ Parasympathetie and viseeral 
afferent reflex fibers traverse pelvie plexuses and pelvie splaneh- 
nie nerves. 

Uterus: Shaped like an inverted pear, the uterus is the 
organ in which the blastoeyst (early embryo) implants and 
develops into a mature embryo and then a fetus. ♦ Although 
its size and proportions ehange during the various phases 
of life, the non-gravid uterus eonsists of a body and cervix, 
demareated by a relatively narrow isthmus. ♦ The uterus 
has a trilaminar wall eonsisting of (1) an inner vascular and 
seeretory endometrium, which undergoes eyelieal ehanges to 
prepare for implantation to occur and sheds with menstrual 
flow if it does not; (2) a hormonally stimulated intermediate 
smooth muscle myometrium, which dilates the eervieal eanal 
(exit) and expels the fetus during ehildbirth; and (3) viseeral 
peritoneum (perimetrium), which eovers most of the fundus 
and body (except for a bare area abutting the bladder) and 
continues bilaterally as the broad ligament (mesometrium). 

The uterus is normally anteverted and anteflexed so that 
its weight is borne largely by the urinary bladder, although 
it also reeeives signifieant passive support from the eardinal 
ligaments and aetive support from the muscles of the pelvie 


floor. ♦ The uterine artery supplies the uterus and, during 
pregnaney, the plaeenta. ♦ The uterine veins drain to the 
uterovaginal venous plexus. 

Vagìna: The vagina is a musculomembranous pas- 
sage eonneeting the uterine eavity to the exterior, allowing 
the entranee/insertion of the penis, ejaculate, tampons, or 
examining digits and the exit of a fetus or menstrual fluid. 

♦ The vagina lies between and is elosely related to the ure- 
thra anteriorly and rectum posteriorly, but is separated from 
the latter by the peritoneal recto-uterine pouch superiorly 
and the faseial reetovaginal septum inferiorly. The vagina is 
indented (invaginated) anterosuperiorly by the uterine eer- 
vix so that an eneireling poeket or vaginal fornix is formed 
around it. ♦ Most of the vagina is loeated within the pelvis, 
reeeiving blood via pelvie branehes of the internal iliae arter- 
ies (uterine and vaginal arteries) and draining direetly into 
the uterovaginal venous plexus and, via deep (pelvie) routes, 
to the internal and external iliae and saeral lymph nodes. 

♦ The inferiormost part of the vagina is loeated within the 
perineum, reeeiving blood from the internal pudendal artery 
and draining via superficial (perineal) routes into superficial 
inguinal nodes. ♦ The vagina is eapable of remarkable dis- 
tension, enabling manual examination (palpation) of pelvie 
landmarks and viseera (espeeially the ovaries) as well as of 
pathology (e.g., ovarian eysts). 

Innervatìon of utems and vagìna: The inferiormost 
(perineal) portion of the vagina reeeives somatie innervation via 
the pudendal nerve (S2-S4) and is, therefore, sensitive to touch 
and temperature. ♦ The remainder of the vagina and uterus 
is pelvie and thus viseeral in its loeation, reeeiving innervation 
from autonomic and viseeral afferent fibers. ♦ All unconscious, 
reflex-type sensation travels retrogradely along the parasym- 
pathetie pathways to the S2-S4 spinal sensory ganglia, as does 
pain sensation arising in the subperitoneal uterus (primarily 
cervix) and vagina (inferiorto the pelvie pain line)—that is, from 
the birth eanal. ♦ However, pain sensation from the intraperito- 
neal uterus (superiorto the pelvie pain line) travels retrogradely 
along the sympathetie pathway to the inferiormost thoraeie and 
superior lumbar spinal ganglia. ♦ Epidural anesthesia may be 
administered to take advantage of the diserepaney in the pain 
pathways to faeilitate partieipatory ehildbirth methods; uterine 
eontraetions are felt, but the birth eanal is anesthetized. 
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Lymphatie Draìnage of Pelvìe Vìseera 

For the main part, the lymphatie vessels of the pelvis follow 
the venons system, following the tribntaries of the internal 
iliae vein to the internal iliae nodes, direetly or via the saeral 
lymph nodes (Fig. 3.48). However, strnetnres loeated snperi- 
orly in the anterior portion of the pelvis drain to the external 
iliae nodes, a lymphatie pathway that does not parallel venons 
drainage. From both external and internal iliae nodes, lymph 
flows via eommon iliae and Inmbar (eavaFaortie) lymph nodes, 
draining via Inmbar lymphatie trnnks into the eisterna ehyli. 


LYMPHATie DRAINAGE FROM URINARY SYSTEM 

The snperior portion of the pelvie part of the nreters drains 
primarily to external iliae nodes, while the inferior portion 
drains to the internal iliae nodes (Fig. 3.48A; Table 3.7). Lym- 
phatie vessels from the snperolateral aspeets of the bladder 
pass to the extemal ìlìae lymph nodes, whereas those from the 
fnndns and neek pass to the internal iliae lymph nodes. Some 
vessels from the neek of the bladder drain into the saeral or 
eommon iliae lymph nodes. Most lymphatie vessels from the 
female nrethra and proximal part of the male nrethra pass to 
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FIGITRE 3.48. Lymphatie drainage of pelvie viseera. 
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TABLE 3.7. LYMPHATIG DRAINAGE OF STRUCTURES OF PELVIS AND PERINEUM 





Lymph nodes: 


I - 1 Lumbar (eaval/aortie) 

Inferior mesenterie 

I - 1 Gommon iliae 

I - 1 Internal iliae 

I - 1 External iliae 

I - 1 Superficial inguinal 

F—~n Deep inguinal 

I - 1 Saeral 

r —1 Parareetal 
\_^ 



Zones of pelvie organs initially draining to speeifie groups of regional nodes 


Lymph Node Group 

Structures Typieally Draining to Lymph Node Group 

Lumbar 

Female: along ovarian 
vessels 

Gonads and assoeiated structures; eommon 
iliae nodes 

Female: ovary; uterine tube (except isthmus and 
intra-uterine parts); fundus of uterus 

Male: along testicular 
vessels 

Male urethra: testis; epididymis 

Inferior mesenterie 

Superiormost rectum; sigmoid eolon; deseending eolon; parareetal nodes 

Gommon iliae 

External and internal iliae lymph nodes 

Internal iliae 

Inferior pelvie structures; deep perineal struc- 
tures; saeral nodes 

Female: base of bladder; inferior pelvie ureter; anal 
eanal (above peetinate line); inferior rectum; middle 
and upper vagina; cervix; body of uterus 

Male: prostatie urethra; prostate; base of bladder; 
inferior pelvie ureter; inferiorseminal glands; eav- 
ernous bodies; anal eanal (above peetinate line); 
inferior rectum 

External iliae 

Anterosuperior pelvie structures; deep inguinal 
nodes 

Female: superior bladder; superior pelvie ureter; 
upper vagina; cervix; lower body of uterus 

Male: superior bladder; superior pelvie ureter; upper 
seminal gland; pelvie partof ductus deferens; inter- 
mediate and spongy urethra (seeondary) 

Superficial inguinal 

Lower limb; superficial drainage of inferolateral 
quadrantof trunk, including anterior abdominal 
wall inferiorto umbilicus, gluteal region, and 
superficial perineal structures 

Female: superolateral uterus (nearattaehmentof 
round ligament); skin of perineum including vulva; 
ostium of vagina (inferiorto hymen); prepuce 
of elitoris; peri-anal skin; anal eanal inferiorto 
peetinate line 

Male: skin of perineum including skin and prepuce 
of penis; scrotum; peri-anal skin; anal eanal inferior 
to peetinate line 

Deep inguinal 

Glans elitoris orpenis; superficial inguinal 
nodes 

Female: glans elitoris 

Male: glans penis; distal spongy urethra 

Saeral 

Postero-inferior pelvie structures: inferior rectum; inferior vagina 

Parareetal 

Superior rectum 
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the internal iliae lymph node. However, a few vessels from 
the female urethra may also drain into the saeral nodes and, 
from the distal female nrethra, to the ingainal lymph nodes. 

LYMPHATie DRAINAGE FROM RECTUM 

Lymphatie vessels from the snperior reetnm pass to inferior 
mesenterie lymph nodes, many passing throngh parareetal 
lymph nodes (loeated direetly on the mnsele layer of the 
reetnm) and/or saeral lymph nodes en ronte (Fig. 3.48B; 
Table 3.7). The inferior mesenterie nodes drain into the 
Inmhar (eavallaortie) lymph nodes. Lymphatie vessels from 
the inferior half of the reetnm drain direetly to saeral lymph 
nodes or, espeeially from the distal ampnlla, follow the mid- 
dle reetal vessels to drain into the internal iliae lymph nodes. 

LYMPHATie DRAINAGE FROM 
MALE PELVie VISGERA 

Lymphatie vessels from the dnetns deferens, ejaenlatory dnets, 
and inferior parts of the seminal glands drain to the external 
iliae lymph nodes (Fig. 3.48C; Table 3.7). The lymphatie ves- 
sels from the snperior parts of the seminal glands and prostate 
terminate ehiefly in the internal iliae lymph nodes, bnt some 
drainage from the latter may pass to the saeral nodes. 

LYMPHATie DRAINAGE FROM 
FEMALE PELVie VISGERA 

Lymphatie vessels from the ovaries, joined by vessels from 
the nterine tnbes and most from the fnndns of the nterns, 
follow the ovarian veins as they aseend to the right and left 
Inmhar (eavallaortie) lymph nodes (Fig. 3.48D; Table 3.7). 

Lymphatie vessels from the nterns drain in many diree- 
tions, eonrsing along the blood vessels that snpply it as well 
as the ligaments attaehed to it: 

• Most lymphatie vessels from the fnndns and snperior 
nterine body pass along the ovarian vessels to the lum- 
har (eavallaortie) lymph nodes, bnt some vessels from the 
fnndns, partienlarly those near the entranee of the nterine 


tnbes and attaehments of the ronnd ligaments, rnn along 
the ronnd ligament of the nterns to the snperfieial ingni- 
nal lymph nodes. 

• Vessels from most of the nterine body and some from the 
cervix pass within the broad ligament to the external iliae 
lymph nodes. 

• Vessels from the nterine cervix also pass along the nterine 
vessels, within the transverse eervieal ligaments, to the 
internal iliae lymph nodes, and along nterosaeral (saero- 
genital) ligaments to the saeral lymph nodes. 

Lymphatie vesselsfrom the vagina drain from the parts of 
the vagina as follows: 

• Snperior part: to the intemal and extemal iliae lymph nodes. 

• Middle part: to the internal iliae lymph nodes. 

• Inferior part: to the saeral and eommon iliae nodes (Fig. 

3.48; Table 3.7). 

• External oriflee: to the snperfleial ingninal lymph nodes. 

PERINEUM 

■ 

The perineum refers to a shallow eompartment of the 
body {perineal eompartment) bonnded by the pelvie ontlet 
and separated from the pelvie eavity by the faseia eovering 
the inferior aspeet of the pelvie diaphragm, formed by the 
levator ani and eoeeygens mnseles (Fig. 3.49). In the ana- 
tomieal position, the snrfaee of the perinenm—the perineal 
region —is the narrow region between the proximal parts of 
the thighs; however, when the lower limbs are abdneted, it is 
a diamond-shaped area extending from the mons pnbis ante- 
riorly in females, the medial snrfaees (insides) of the thighs 
laterally, and the glnteal folds and snperior end of the inter- 
glnteal (natal) eleft posteriorly (Fig. 3.50). 

The osseoflbrons strnetnres marking the bonndaries of the 
perinenm (perineal eompartment) (Fig. 3.51A & B) are the: 

• Puhic symphysis, anteriorly. 

• isehiopnbie rami (eombined inferior puhic rami and 
isehial rami), anterolaterally. 
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FIGITRE 3.49. The inferior faseia of the pelvie diaphragm (levator ani) is the boundary separating pelvis from perineum. 
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FIGITRE 3.50. Male and female perineal regions. Boundaries and surface features ofthe perineal region vvith projeetions ofthe osseous boundaries and 
muscles ofthe superficial muscles ofthe perineum. The penis and some ofthe scrotum (part ofthe perineal region) are retraeted anteriorly and thus not shown. 



(A) Female pelvis, inferior view 
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(B) Female pelvis, inferior view (lithotomy position) 
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FIGIJRE 3.51. Boundaries and disposition of perineum. A. Pelvie girdle demonstrating bony features boundingthe perineum. The two triangles eompris- 
ing the diamond-shaped perineum are superimposed. B. The osseofibrous structures bounding the pelvie outlet and perineum are identified. This view of 
the female pelvis is the one obstetrieians visualize when the patient is on the examining table. C. The two triangles (urogenital and anal) that together eom- 
prise the perineum do not occupy the same plane. The plane between the bladder and rectum is occupied by internal genitalia and a septum formed during 
embryonie development as the urogenital sinus was partitioned into the urinary bladder and urethra anteriorly and the anorectum posteriorly. 

























404 


ehapter 3 Pelvis and Perineum 


• isehial tnherosities, laterally. 

• Saerotuherous ligaments, posterolaterally. 

• Inferiormost saemm and eoeeyx, posteriorly. 

A transverse line joining the anterior ends of the isehial tnberosi- 
ties divides the diamond-shaped perinenm into two triangles, the 
oblique planes of whieh interseet at the transverse line (Fig. 3.51B 
& e). The anal triangle lies posterior to this line. The anal eanal 
and its orifìee, the anns, eonstitnte the major deep and snperfì- 
eial featnres of the triangle, lying eentrally snrronnded by isehio- 
anal fat. The nrogenital (UG) triangle is anterior to this line. 
In eontrast to the open anal triangle, the UG triangle is “elosed” 
by a thin sheet of tongh, deep faseia, the perineal membrane, 
which stretehes between the two sides of the pnbie areh, eovering 
the anterior part of the pelvie ontlet (Fig. 3.52G). The perineal 
membrane thns fìlls the anterior gap in the pelvie diaphragm (the 
nrogenital hiatns, Fig. 3.52A), bnt is perforated by the nrethra in 
both sexes and by the vagina of the female. The membrane and 
the isehiopnbie rami to which it attaehes provide a fonndation for 
the ereetile bodies of the extemal genitalia—^the penis and sero- 
tnm of males, and the pndendnm or vnlva of females—which are 
the snperfìeial featnres of the triangle (Fig. 3.50). 

The midpoint of the line joining the isehial tnberosities is 
the eentral point of the perinenm. This is the loeation of 
the perineal body, which is an irregnlar mass, variable in 
size and eonsisteney, and eontaining eollagenons and elastie 
fìbers, and both skeletal and smooth mnsele (Fig. 3.52E). 
The perineal body lies deep to the skin, with relatively little 
overlying snbentaneons tissne, posterior to the vestibnle of 
the vagina or bnlb of the penis and anterior to the anns and 
anal eanal. The perineal body is the site of eonvergenee and 
interlaeing of fìbers of several mnseles, inelnding the: 

• Bnlbospongiosns. 

• External anal sphineter. 

• Snperfìeial and deep transverse perineal mnseles. 

• Smooth and volnntary slips of mnsele from the extemal nre- 
thral sphineter, levator ani, and mnsenlar eoats of the reetnm. 

Anteriorly, the perineal body blends with the posterior bor- 
der of the perineal membrane and snperiorly with the reeto- 
vesieal or reetovaginal septnm (Fig. 3.53A & B). 

Faseìae and Pouches 
of IJrogenìtal Trìangle 

PERINEAL FASeiAE^ 

The perineal faseia eonsists of snperfìeial and deep layers. 
The subcutaneous tissue of the perineum, like that of 
the inferior anterior abdominal wall eonsists of a snperfìeial 
fatty layer and a deep memhranous layer, the (snperfìeial) 
perineal faseia (GoIIes faseia). 

^The terminology used in this seetion (in boldfaee) was reeommended by the 
Federative International Committee on Anatomieal Terminology (FIGAT) 
in 1998; however, because many elinieians eoneerned with the perinenm use 
eponyms, the anthors have plaeed eommonly used terms in parentheses so 
that the FIGAT terminology will be nnderstood by all readers. 


In females, the fatty layer of subcutaneous tissue of 

the perineum makes up the snbstanee of the labia majora 
and mons pnbis, and is eontinnons anteriorly and snperiorly 
with the fatty layer of snbentaneons tissne of the abdomen 
(Gamper faseia) (Fig. 3.53A & G). In males, the fatty layer is 
greatly diminished in the nrogenital triangle, being replaeed 
altogether in the penis and serotnm with smooth (dartos) 
mnsele. It is eontinnons between the penis or serotnm and 
thighs with the fatty layer of snbentaneons tissne of the abdo- 
men (Fig. 3.53B & D). In both sexes, the fatty layer of snben- 
taneons tissne of the perinenm is eontinnons posteriorly with 
the isehio-anal fat pad in the anal region (Fig. 3.53E). 

The membranons perineal faseia does not extend into the 
anal triangle, being attaehed posteriorly to the posterior mar- 
gin of the perineal membrane and perineal body (Fig. 3.53A 
& B). Laterally it is attaehed to the faseia lata (deep faseia) of 
the snperiormost medial aspeet of the thigh (Fig. 3.53G & E). 
Anteriorly in males, the perineal faseia is eontinnons with the 
dartos faseia of the penis and serotnm; however, on eaeh side 
of and anterior to the serotnm, the perineal faseia beeomes 
eontinnons with the membranons layer of snbentaneons tissne 
of the abdomen (Searpa faseia) (Fig. 3.53B). In females, the 
perineal faseia passes snperior to the fatty layer forming the 
labia majora and beeomes eontinnons with the membranons 
layer of snbentaneons tissne of the abdomen (Fig. 3.53A & G). 

The deep perineal faseia (investing or Gallandet faseia) 
intimately invests the isehioeavernosns, bnlbospongiosns, and 
snperfìeial transverse perineal mnseles (Fig. 3.53A & E). It is 
also attaehed laterally to the isehiopnbie rami. Anteriorly it is 
fnsed to the snspensory ligament of the penis (see Fig. 3.63) and 
is eontinnons with the deep faseia eovering the extemal obIique 
mnsele of the abdomen and the reetns sheath. In females, the 
deep perineal faseia is fiised with the snspensory ligament of the 
elitoris and, as in males, with the deep faseia of the abdomen. 

SUPERFICIAL PERINEAL POUCH 

The superficial perineal pouch (spaee or eompartment) 
is a potential spaee between the perineal faseia and the peri- 
neal membrane, bonnded laterally by the isehiopnbie rami 

(Figs. 3.52D & E and 3.53). 

In males, the snperfieial perineal poneh eontains the: 

• Root (bnlb and ernra) of the penis and assoeiated mnseles 
{isehioeavernosns and hulhospongiosus). 

• ProximaI (bnlbons) part of the spongy nrethra. 

• Snperfeial transverse penneal mnseles. 

• Deep perineal hranehes of the internal pndendal vessels 
and pndendal nerves. 

In females, the snperfìeial perineal poneh eontains the: 

• elitoris and assoeiated mnsele (isehioeavernosns). 

• Bulhs of the vestihule and snrronnding mnsele (bnlbos- 
pongiosns). 

• Greater vestihular glands. 

• Snperfeial transverse penneal mnseles. 

• Related vessels and nerves {deep perineal hranehes of the 
internal pndendal vessels and pndendal nerves). 
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FIGIJRE 3.52. Layers of perineum of males and females. The layers are shovvn as being built up from deep (A) to superficial (E) layers. A. The pelvie 
outlet is almost elosed by the pelvie diaphragm (levator ani and coccygeus muscles), forming the floor of the pelvie eavity and, as viewed here, the roof of the 
perineum. The urethra (and vagina in females) and rectum pass through the urogenital hiatus of the pelvie diaphragm. B and C. The external urethral sphine- 
ter and deep transverse perineal muscle span the region of the urogenital hiatus, which is elosed inferiorly by the perineal membrane extending between the 
ischiopubic rami. 
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FIGITRE 3.52. (Continued) D and E. Inferior to the perineal membrane, the superficial perineal pouch (spaee) eontains the ereetile bodies and the muscles 
assoeiated vvith them. 


The stmctures of the superficial perineal pouch will be 
discussed in greater detail, speeifie to eaeh sex, under 
“Male Perinenm” and “Female Perinenm,” later in this 
ehapter. 

DEEP PERINEAL POUCH 

The deep perineal poneh (spaee) is bonnded inferiorly 
by the perineal membrane, snperiorly by the inferior faseia of 
the pelvie diaphragm, and laterally by the inferior portion of 
the obtnrator faseia (eovering the obtnrator internns mnsele) 
(Fig. 3.53C & D). It inelndes the fat-filled anterior reeesses 
of the isehio-anal fossae. The snperior bonndary in the region 
of the nrogenital hiatns is indistinet. 

In both sexes, the deep perineal pouch eontains: 

• Part of the nrethra, eentrally. 

• The inferior part of the external nrethral sphineter mnsele, 
above the eenter of the perineal membrane, surrounding 
the nrethra. 

• Anterior extensions of the isehio-anal fat pads. 


In males, the deep perineal pouch eontains the: 

• Intermedìate part of the nrethra, the narrowest part of the 
male nrethra. 

• Deep transverse perineal mnseles, immediately snperior 
to the perineal membrane (on its snperior snrfaee), mn- 
ning transversely along its posterior aspeet. 

• Bulho-urethral glands, embedded within the deep peri- 
neal musculature. 

• Dorsal neurovascular structures of the penis. 

In females, the deep perineal pouch eontains the: 

• Proximal part of the nrethra. 

• A mass of smooth mnsele in the plaee of deep transverse 
perineal mnseles on the posterior edge of the perineal 
membrane, assoeiated with the perineal body. 

• Dorsal neurovasculature of the elitoris. 

Past Goneept of Deep Períneal Pouch and External 

IJrethral Sphineter. Traditionally, a trilaminar, triangnlar 

UG diaphragm has been deseribed as making up the deep 
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FIGIJRE 3.53. Faseiae of perineum. A and B. Median seetions, viewed from left, demonstrate the faseiae in the female (A) and male (B). The planes of 
the seetions shown in parts C-F are indieated. C. This eoronal seetion of the female urogenital triangle is in the plane of the vagina. Fibro-areolar eompo- 
nents ofthe endopelvie faseia (eardinal ligament and paracolpium) are shown. D.This eoronal seetion ofthe male urogenital triangle is in the plane ofthe 
prostatie urethra. E. This eoronal seetion of the anal triangle is in the plane of the lower reetal and anal eanals. F. This eoronal seetion demonstrates the 
subcutaneous tissue of the proximal penis and scrotum. An enlarged view of the layers of the penis is provided in Figure 3.61 C. 
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perineal poneh. Althongh the elassieal deseriptions appear 
jnstifìed when viewing only the snperfìeial aspeet of the 
strnetnres oeenpying the deep poneh (Fig. 3.54A), the long- 
held eoneept of a fìat, essentially two-dimensional diaphragm 
is erroneons. Aeeording to this eoneept, a trilaminar “UG dia- 
phragm” eonsisted of the perineal membrane (inferior faseia 
of the UG diaphragm) inferiorly, a snperior faseia of the UG 
diaphragm snperiorly, and deep perineal mnseles in between. 
The deep poneh was the spaee between the two faseial mem- 
branes, oeenpied by what was pereeived to be a fìat mnsenlar 
sheet eonsisting of a dise-like sphineter nrethra anterior to 
or within an equally two-dimensional, transversely oriented 
deep transverse perineal mnsele. In males, the bnlbo-nrethral 
glands were also eonsidered oeenpants of the poneh. Only 
the deseriptions of the perineal membrane and deep trans- 
verse perineal mnseles of the male (with embedded glands) 


appear to be snpported by evidenee, whieh inelndes medieal 
imaging of live snbjeets (Myers et al., 1998a, 1998b). Many 
texts, atlases, and medieal illnstrations eontinne to featnre 
the old model, and stndents are likely to eneonnter the ont- 
dated images and eoneepts in elinieal training and praetiee, 
and need to be aware of the inaeenraeies in this regard. 

Current Goneept of Deep Períneal Pouch and Exter- 
nal IJrethral Sphíneter. In the female, the posterior edge 
of the perineal membrane is typieally oeenpied by a mass 
of smooth mnsele in the plaee of the deep transverse peri- 
neal mnseles (Wendell-Smith, 1995). Immediately snperior 
to the posterior half of the perineal membrane, the fìat, 
sheet-like, deep transverse perineal mnsele, when devel- 
oped (typieally only in males), offers dynamie snpport for 
the pelvie viseera. As deseribed by Oelrieh (1980), however, 
the nrethral sphineter mnsele is not a fìat, planar strnetnre. 
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FIGIJRE 3.54. Deep perìneal pouch and male and 
female external urethral sphineters. A. The deep 
perineal pouch is seen through (left side) and after 
removal of the perineal membrane (right side). B. The 
trough-like fibers ofthe superior male external urethral 
sphineter aseend to the neek of the bladder as part 
of the isthmus of the prostate. The inferior sphineter 
includes eylindrieal and loop-like portions (eompressor 
urethrae). C. The female urethral sphineter complex is 
shovvn. 
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and the only “snperior faseia” is the intrinsie faseia of the 
external nrethral sphineter mnsele. Gontemporary views 
eonsider the inferior faseia of the pelvie diaphragm to be 
the snperior bonndary of the deep poneh (Fig. 3.53C-E). 
In both views, the strong perineal memhrane is the inferior 
bonndary (floor) of the deep poneh, separating it from the 
snperfleial poneh. The perineal membrane is indeed, with 
the perineal body, the flnal passive snpport of the pelvie 
viseera. 

The male extemal urethral sphineter is more like a tnbe 
or trongh than a dise. In the male only the inferior part of the 
mnsele forms an eneireling investment (a trne sphineter) for 
the intermediate part of the nrethra inferior to the prostate 
(Fig. 3.54B). Its larger, trongh-like part extends vertieally to 
the neek of the bladder as part of the isthmns of the prostate, 
displaeing glandnlar tissne and investing the prostatie nre- 
thra anteriorly and anterolaterally only (see also Fig. 3.38). 
Apparently, the mnsenlar primordinm is established aronnd 


the whole length of the nrethra before development of the 
prostate. As the prostate develops from nrethral glands, the 
posterior and posterolateral mnsele atrophies, or is displaeed 
by the prostate. Whether this part of the mnsele eompresses 
or dilates the prostatie nrethra is a matter of some eontro- 
versy. 

The female external nrethral sphineter is more prop- 
erly a “nrogenital sphineter” (Oelrieh, 1983). Here, too, 
a part forms a trne annlar sphineter aronnd the nrethra 
(Fig. 3.54C), with several additional parts extending from it: 
a snperior part, extending to the neek of the bladder; a snb- 
division deseribed as extending inferolaterally to the isehial 
ramns on eaeh side (the eompressor nrethrae mnsele); and 
yet another band-like part, which eneireles both the vagina 
and the nrethra (nrethrovaginal sphineter). In both the male 
and female, the mnsenlatnre deseribed is oriented perpen- 
dienlar to the perineal membrane, rather than lying in a 
plane parallel to it. 
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(B) Inferior view of perineum (iithotomy position) 

FIGIJRE 3.55. Pelvie diaphragm and isehio-anal fossae. A. Coronal seetion of the pelvis in the plane of the rectum and anal eanal, demonstrating lateral 
and medial vvalls and roof of the isehio-anal fossae. B. Faseia eovering the inferior aspeet of the pelvie diaphragm forms the roof of the isehio-anal fossae. 

The left sacrospinous ligament has been removed to reveal the coccygeus. Abseesses of the right or left isehio-anal fossa may extend to the eontralateral fossa 
via the deep postanal spaee {double-headed arrow). 
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FIGIJRE 3.56. Rectum and anal eanal, levator ani, and isehio-anal fossa. The left posterolateral third ofthe rectum and anal eanal have been removed to 
demonstrate the luminal features. The pudendal vessels and nerves are transmitted by the pudendal eanal, a spaee within the obturator faseia that eovers the 
medial surface ofthe obturator internus, liningthe lateral wall ofthe isehio-anal fossa. 


Features of Anal Trìangle 

ISCHIO-ANAL FOSSAE 

The isehio-anal fossae (formerly ealled isehioreetal fossae) 
on eaeh side of the anal eanal are large faseia-lined, wedge- 
shaped spaees between the skin of the anal region and the 
pelvie diaphragm (Figs. 3.53D, 3.55A, and 3.56). The apex 

of eaeh fossa lies snperiorly where the levator ani mnsele 
arises from the obtnrator faseia. The isehio-anal fossae, wide 
inferiorly and narrow snperiorly, are filled with fat and loose 
eonneetive tissne. The two isehio-anal fossae eommnnieate 
by means of the deeip postanal spaee over the anoeoeeygeal 
lìgament (body), a fibrons mass loeated between the anal 
eanal and the tip of the coecyx (Figs. 3.53A & B and 3.55B). 


Eaeh isehio-anal fossa is bonnded: 

• Laterally by the isehinm and overlapping inferior part of 
the obtnrator internns, eovered with obtnrator faseia. 

• Medially by the external anal sphineter, with a sloping 
snperior medial wall or roof formed by the levator ani as 
it deseends to blend with the sphineter; both strnetnres 
snrronnd the anal eanal. 

• Posteriorly by the saerotnberons ligament and glntens 
maximus. 

• Anteriorly by the bodies of the pnbie bones, inferior to the 
origin of the pnboreetalis. These parts of the fossae, extend- 
ing into the UG triangle snperior to the perineal membrane 
(and mnsenlatnre on its snperior snrfaee), are known as the 

anterior reeesses of the isehio-anal fossae. 
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Eaeh isehio-anal fossa is filled with a fat body of the 
isehio-anal fossa. These fat bodies snpport the anal eanal bnt 
they are readily displaeed to permit deseent and expansion of 
the anal eanal dnring the passage of feees. The fat bodies are 
traversed by tongh, fibrons bands, as well as by several nenro- 
vasenlar strnetnres, inelnding the inferior anal/reetal vessels 
and nerves and two other entaneons nerves, the perforating 
braneh of S2 and S3 and the perineal braneh of S4 nerve. 

PUDENDAL GANAL AND ITS 
NEUROVASCULAR BUNDLE 

The pudendal eanal (Aleoek eanal) is an essentially horizontal 
passageway within the obtnrator faseia that eovers the medial 
aspeet of the obtnrator internns and lines the lateral wall of the 
isehio-anal fossa (Figs. 3.55A and 3.56). The internal pnden- 
dal artery and vein, the pndendal nerve, and the nerve to the 
obtnrator internns enter this eanal at the lesser seiatie noteh, 
inferior to the isehial spine. The internal pndendal vessels and 
the pndendal nerve snpply and drain blood from and innervate 
most of the perinenm. As the artery and nerve enter the eanal, 
they give rise to the inferior reetal artery and nerve, which 
pass medially to snpply the external anal sphineter and the 
peri-anal skin (Figs. 3.56-3.58; Table 3.8). Toward the distal 
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Superficial perineum 
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nerve 
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(reetal) nerve 


Perineal nerve: 


Muscular (deep) branehes 


Superficial braneh 


Posterior serotal nerves 


Dorsal nerve 
of penis 


FIGIJRE 3.57. Distribution of pudendal nerve. The five regions tra- 
versed by the nerve are shovvn. The pudendal nerve supplies the skin, 
organs, and muscles ofthe perineum; therefore, it is eoneerned with mie- 
turition, defeeation, ereetion, ejaculation, and, in the female, parturition. 
Although the pudendal nerve is shown here in the male, its distribution is 
similar in the female because the parts ofthe female perineum are homo- 
logs of those in the male. 


(anterior) end of the pndendal eanal, the artery and nerve both 
bifnreate, giving rise to the perineal nerve and artery, which 
are distribnted mostly to the snperfieial poneh (inferior to the 
perineal membrane), and to the dorsal artery and nerve of 
the penis or elitoris, which rnn in the deep poneh (snperior to 
the membrane). When the latter strnetnres reaeh the dorsnm 
of the penis or elitoris, the nerves rnn distally on the lateral 
side of the eontinnation of the internal pndendal artery as they 
both proeeed to the glans penis or glans elitoris. 

The perineal nerve has two branehes: The superfìcial 
perineal nerve gives rise to posterior serotal or labial (enta- 
neons) branehes, and the deep perineal nerve snpplies the 
mnseles of the deep and snperfieial perineal ponehes, the 
skin of the vestibnle, and the mneosa of the inferiormost part 
of the vagina. The inferior reetal nerve eommnnieates with 
the posterior serotal or labial and perineal nerves. The dor- 
sal nerve of the penis or elitoris is the primary sensory 
nerve serving the male or female organ, espeeially the sensi- 
tive glans at the distal end. 

ANAL GANAL 

The anal eanal is the terminal part of the large intestine 
and of the entire digestive traet. It extends from the snperior 
aspeet of the pelvie diaphragm to the anns (Figs. 3.55B and 
3.56). The eanal (2.5-3.5 em long) begins where the reetal 
ampnlla narrows at the level of the U-shaped sling formed by 
the pnboreetalis mnsele (Fig. 3.12). The anal eanal ends at the 
anns, the external ontlet of the alimentary traet. The anal eanal, 
snrronnded by internal and external anal sphineters, deseends 
postero-inferiorly between the anoeoeeygeal ligament and the 
perineal body. The eanal is eollapsed, except dnring passage of 
feees. Both sphineters mnst relax before defeeation ean oeenr. 

The intemal anal sphineter (Figs. 3.55A and 3.56) is an 

involnntary sphineter snrronnding the snperior two thirds of 
the anal eanal. It is a thiekening of the eirenlar mnsele layer. 
Its eontraetion (tonns) is stimnlated and maintained by sympa- 
thetie fibers from the snperior reetal (peri-arterial) and hypo- 
gastrie plexuses. Its eontraetion is inhibited by parasympathetie 
fiber stimnlation, both intrinsieally in relation to peristalsis, and 
extrinsically by fibers eonveyed by the pelvie splanehnie nerves. 
This sphineter is tonieally eontraeted most of the time to pre- 
vent leakage of finid or fiatns; however, it relaxes (is inhibited) 
temporarily in response to distension of the reetal ampnlla by 
feees or gas, reqmring volnntary eontraetion of the pnboreetalis 
and external anal sphineter if defeeation or fiatnlenee is not to 
oeenr. The ampnlla relaxes after initial distension (when peri- 
stalsis snbsides) and tonns retnrns nntil the next peristalsis, or 
nntil a threshold level of distension oeenrs, at which point inhi- 
bition of the sphineter is eontinnons nntil distension is relieved. 

The external anal sphineter is a large volnntary sphine- 
ter that forms a broad band on eaeh side of the inferior two 

thirds of the anal eanal (Figs. 3.52E, 3.55, and 3.56). This 

sphineter is attaehed anteriorly to the perineal body and pos- 
teriorly to the coccyx via the anoeoeeygeal ligament. It blends 
snperiorly with the pnboreetalis mnsele. 
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FIGITRE 3.58. Arteries of perineum. 


TABLE3.8. ARTERIES OF PERINEUM 


Artery 

Origin 

Course 

Distribution in Perineum 

Internal pudendal 

Anterior division of inter- 
nal iliae artery 

Leaves pelvis through greater seiatie 
foramen; hooks around isehial spine 
to enter perineum via lesser seiatie 
foramen; enters pudendal eanal 

Primary artery of perineum and 
external genital organs 

Inferior reetal 

Internal pudendal artery 

Arises atentranee to pudendal eanal; 
traverses isehio-anal fossa to 
anal eanal 

Anal eanal inferiorto peetinate line; 
anal sphineters; peri-anal skin 

Perineal 

Arises vvithin pudendal eanal; passes 
to superficial pouch (spaee) on exit 

Supplies superficial perineal mus- 
eles and scrotum of male/vestibule 
of female 

Posterior serotal {6)or 
labiaK?) 

Terminal braneh of 
perineal artery 

Runs in superficial faseia of posterior 
scrotum or labia majora 

Skin of scrotum or labia majora 
and minora 

Artery of bulb of penis {6)or 
vestibule (9) 

Pierees perineal membrane to reaeh 
bulb of penis or vestibule of vagina 

Supplies bulb of penis (including 
bulbar urethra) and bulbo-urethral 
gland (male) or bulb of vestibule and 
greater vestibular gland (female) 

Deep artery of penis {6) 
oreiitoris (9) 

Terminal braneh of 
internal pudendal artery 

Pierees perineal membrane to enter 
crura ofeorpora eavernosa of penis 
orelitoris; branehes run proximally 
and distally 

Supplies mostereetile tissue of 
eorpora eavernosa of penis or 
elitoris via helieine arteries 

Dorsal artery of penis {6) 
orelitoris (9) 

Passes to deep pouch; pierees peri- 
neal membrane and traverses sus- 
pensory ligament of penis or elitoris 
to run on dorsum of penis or elitoris 
to glans 

Deep perineal pouch; skin of penis; 
faseia of penis orelitoris; distal eor- 
pus spongiosum of penis, including 
spongy urethra; glans penis or 
eiitoris 

External pudendal, 
superficial, and deep 
branehes 

Femoral artery 

Pass medially from thigh to reaeh 
anterior aspeetof the urogenital 
triangle of perineum 

Anterior aspeet of scrotum and 
skin at root of penis of male; mons 
pubis and anterior aspeetof labia of 
female 
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The external anal sphineter is deseribed as having snben- 
taneons, snperfieial, and deep parts; these are zones rather 
than mnsele bellies and are often indistinet. The external anal 
sphineter is snpplied mainly by S4 throngh the inferior reetal 
nerve (Fig. 3.57), althongh its deep part also reeeives fibers 
from the nerve to the levator ani, in eommon with the pnbo- 
reetalis, with which it eontraets in nnison to maintain eonti- 
nenee when the internal sphineter is relaxed (except dnring 
defeeation). 

Internally, the snperior half of the mneons membrane 
of the anal eanal is eharaeterized by a series of longitndi- 
nal ridges ealled anal eolnmns (Fig. 3.56). These eolnmns 
eontain the terminal branehes of the snperior reetal artery 
and vein. The anoreetal jnnetion, indieated by the snperior 
ends of the anal eolnmns, is where the reetnm joins the anal 
eanal. At this point, the wide reetal ampnlla abrnptly nar- 
rows as it traverses the pelvie diaphragm. The inferior ends of 
the anal eolnmns are joined by anal valves. Snperior to the 
valves are small reeesses ealled anal sinnses. When eom- 
pressed by feees, the anal sinnses exude mnens, which aids 
in evaenation of feees from the anal eanal. 

The inferior eomb-shaped limit of the anal valves forms 
an irregnlar line, the peetinate line, that indieates the jnne- 
tion of the snperior part of the anal eanal (viseeral; derived 
from the embryonie hindgnt), and the inferior part (somatie; 
derived from the embryonie proetodenm). 

The anal eanal snperior to the peetinate line differs from 
the part inferior to the peetinate line in its arterial snpply, 
innervation, and venons and lymphatie drainage (Fig. 3.59). 
These differenees resnlt from the different embryologieal 
origins of the snperior and inferior parts of the anal eanal 
(Moore, Persand, and Torehiam 2012). 


Arteríal Supply of Anal Canal. The snperior reetal 
artery snpplies the anal eanal snperior to the peetinate line 
(Figs. 3.32A and 3.59). The two inferior reetal arteries snp- 
ply the anal eanal inferior to the peetinate line as well as the 
snrronnding mnseles and peri-anal skin (Figs. 3.32, 3.58, and 
3.59; Table 3.8). The middle reetal arteries assist with the 
blood snpply to the anal eanal by forming anastomoses with 
the snperior and inferior reetal arteries. 

Venous and Lymphatíe Draínage of Anal Canal. The 
internal reetal venons plexus drains in both direetions from 
the level of the peetinate line. Snperior to the peetinate line, 
the internal reetal plexus drains ehiefiy into the snperior ree- 
tal vein (a tribntary of the inferior mesenterie vein) and the 
portal system (Figs. 3.32B and 3.59). Inferior to the peeti- 
nate line, the internal reetal plexus drains into the inferior 
reetal veins (tribntaries of the eaval venons system) aronnd 
the margin of the external anal sphineter. The middle ree- 
tal veins (tribntaries of the internal iliae veins) mainly drain 
the mnsenlaris externa of the ampnlla and form anastomoses 
with the snperior and inferior reetal veins. In addition to the 
abnndant venons anastomoses, the reetal plexuses reeeive 
mnltiple arteriovenons anastomoses (AVAs) from the snpe- 
rior and middle reetal arteries. 

The normal snbmneosa of the anoreetal jnnetion is mark- 
edly thiekened, and in seetion has the appearanee of a 
eavernons (ereetile) tissne, owing to the presenee of the sae- 
enlated veins of the internal reetal venons plexus. The vasen- 
lar snbmneosa is espeeially thiekened in the left lateral, right 
anterolateral, and right posterolateral positions, forming anal 
enshions, or threshold pads, at the point of elosnre of the anal 
eanal. Beeanse these enshions eontain plexuses of saeenlar 
veins eapable of direetly reeeiving arterial blood via mnltiple 
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FIGIJRE 3.59. Transitions occurring at peetinate line. Vessels and nerves superior to the peetinate line are viseeral; those inferiorto the peetinate line are 
parietal or somatie. This orientation refìeets the embryologieal development of the anorectum. 
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AVAs, they are variably pliable and tnrgid, and form a sort of 
flntter valve that eontribntes to the normally water- and gas- 
tight elosnre of the anal eanal. 

Snperior to the peetìnate lìne, the lymphatie vessels drain 
deeply into the internal iliae lymph nodes, and throngh them 
into the eommon iliae and Inmbar lymph nodes (Figs. 3.48B 
and 3.59; Table 3.7). Inferior to the peetinate line, the lym- 
phatie vessels drain snperfleially into the superfìcial ingui- 
nal lymph nodes, as does most of the perinenm. 

Innervatíon of Anal Canal. The nerve snpply to the 
anal eanal snperior to the peetinate line is viseeral innervation 
from the inferior hypogastrie plexus, involving sympathetie, 
parasympathetie, and viseeral afferent flbers (Figs. 3.33 and 
3.59). Sympathetie flbers maintain the tonns of the internal 
anal sphineter. Parasympathetie flbers inhibit the tonns of the 


internal sphineter and evoke peristaltie eontraetion for def- 
eeation. The snperior part of the anal eanal, like the reetnm 
snperior to it, is inferior to the pelvie pain line (see Table 3.3); 
all viseeral afferents travel with the parasympathetie flbers to 
spinal sensory ganglia S2-S4. Snperior to the peetinate line, 
the anal eanal is sensitive only to stretehing, which evokes 
sensations at both the eonseions and nneonseions (reflex) 
levels. For example, distension of the reetal ampnlla inhibits 
(relaxes) the tonns of the internal sphineter. 

The nerve snpply of the anal eanal inferior to the peeti- 
nate line is somatie innervation derived from the inferior anal 
(reetal) nerves, branehes of the pndendal nerve. Therefore, 
this part of the anal eanal is sensitive to pain, toneh, and tem- 
peratnre. Somatie efferent flbers stimnlate eontraetion of the 
volnntary external anal sphineter. 


PERINEUM 

Disruption of Perineal Body 

The perineal body is an important strnetnre, espe- 
eially in women, beeanse it is the flnal snpport of the 
pelvie viseera, linking mnseles that extend aeross the 
pelvie ontlet, like erossing beams snpporting the overlying pel- 
vie diaphragm. Stretehing or tearing the attaehments of peri- 
neal mnseles from the perineal body ean oeenr dnring 
ehildbirth, removing snpport from the pelvie floor. As a resnlt, 
prolapse of pelvie viseera, inelnding prolapse of the bladder 
(throngh the nrethra) and prolapse of the ntems and/or vagina 
(throngh the vaginal oriflee) may oeenr. (Varions degrees of 
prolapse are illnstrated in the blne box “Disposition of Utems 
and Uterine Prolapse,” p. 392). 

The perineal body ean also be disrnpted by tranma, inflam- 
matory disease, and infeetion, which ean resnlt in the forma- 
tion of Sifistnla (abnormal eanal) eonneeted to the vestibnle 
(see the blne box “Vaginal Fistnlae,” p. 396). Attennation of 
the perineal body, assoeiated with diastasis (separation) of 
the pnboreetalis and pnboeoeeygens parts of the levator ani, 
may also resnlt in the formation of a eystoeele, reetoeele, and/ 
or enteroeele, hernial protrnsions of part of the bladder, ree- 
tnm, or reetovaginal poneh, respeetively, into the vaginal wall 

(Fig. B3.28). 

Epìsiotomy 

Dnring vaginal snrgery and labor, an episiotomy (snr- 
gieal ineision of the perinenm and inferoposterior 
vaginal wall) may be made to enlarge the vaginal ori- 
flee, with the intention of deereasing excessive tranmatie tear- 
ing of the perinenm and nneontrolled jagged tears of the 
perineal mnseles. Episiotomies are still performed in a large 
portion of vaginal deliveries in the United States (Gabbe et al., 
2007). It is generally agreed that episiotomy is indieated when 
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FIGURE B3.28. 


deseent of the fetns is arrested or protraeted, when instrnmen- 
tation is neeessary (e.g., nse of obstetrieal foreeps), or to expe- 
dite delivery when there are signs of fetal distress. However, 
rontine prophylaetie episiotomy is widely debated and deelin- 
ing in frequency. 

The perineal body is the major strnetnre ineised dnring a 
median episiotomy (Fig. B3.29A & B). The rationale of the 
median ineision is that the sear prodneed as the wound heals 
will not be greatly different from the flbrons tissne snrronnd- 
ing it. Also, beeanse the ineision extends only partially into this 
flbrons tissne, some snrgeons believe that the ineision is more 
likely to be self-limiting, resisting fnrther tearing. However, 
when fnrther tearing does oeenr, it is direeted toward the 
anns, and sphineter damage or anovaginal flstnlae are poten- 
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tial sequelae. Reeent studies indieate median episiotomies are 
assoeiated with an inereased ineidenee of severe laeerations, 
assoeiated in tnrn with an inereased ineidenee of long-term 
ineontinenee, pelvie prolapse, and anovaginal fìstnlae. 

Mediolateral episiotomies (Fig. B3.29A) appear to resnlt 
in a lower ineidenee of severe laeeration and are less likely to 
be assoeiated with damage to the anal sphineters and eanal. 
{Note: The elinieal use of the term mediolateral is teehnieally 
inappropriate here; it aetnally refers to an ineision that is ini- 
tially a median ineision that then turns laterally as it proeeeds 
posteriorly, eirenmventing the perineal body and direeting 
hirther tearing away from the anus.) 



Rupture of IJrethra in Males 
and Extravasatìon of IJrine 

Fraetnres of the pelvie gìrdle, espeeially those result- 
ing from separation of the pubie symphysis and pubo- 
prostatie ligaments, often eause a rupture of the 
intermediate part of the urethra. Rupture of this part of the 
urethra results in the extravasation (eseape) of urine and 
hlood into the deep perineal pouch (Fig. B3.30A); the fìuid may 
pass superiorly through the urogenital hiatus and distribnte 
extraperitoneally around the prostate and bladder. 

The eommon site of rnptnre of the spongy nrethra and 
extravasation ofnrine is in the bulb of the penis (Fig. B3.30B). 
This injury usually results from a foreefirl blow to the perineum 
{straddle injury), such as falling on a metal beam or, less eom- 
monly, from the ineorreet passage {false passage) of a trans- 
nrethral eatheter or deviee that fails to negotiate the angle of 
the nrethra in the bulb of the penis. Rupture of the corpus 
spongiosum and spongy nrethra resnlts in urine passing from it 
(extravasating) into the snperfìeial perineal spaee. The attaeh- 
ments of the perineal faseia determine the direetion of fìow of 
the extravasated urine. Urine may pass into the loose eonnee- 
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tive tissue in the serotnm, around the penis, and snperiorly, 
deep to the membranons layer of snbentaneons eonneetive 
tissue of the inferior anterior abdominal wall. 

The nrine eannot pass far into the thighs beeanse the mem- 
branons layer of superficial perineal faseia blends with the faseia 
lata, enveloping the thigh mnseles, jnst distal to the ingninal liga- 
ment. In addition, nrine eannot pass posteriorly into the anal tri- 
angle because the snperfieial and deep layers of perineal faseia 
are eontinnons with eaeh other around the snperfieial perineal 
mnseles and with the posterior edge of the perineal membrane 
between them. Rnptnre of a blood vessel into the snperfieial 
perineal pouch resnlting from tranma would resnlt in a similar 
eontainment of blood in the snperfieial perineal poneh. 


Starvatìon and Reetal Prolapse 

The fat bodies of the isehio-anal fossae are among the 
last reserves of fatty tissne to disappear with starva- 



tion. In the absenee of the snpport provided by the 
isehio-anal fat, reetal prolapse is relatively eommon. 


Peetìnate Line—a dinieally 
Important Landmark 

The peetinate line (also ealled the dentate or mneo- 
entaneons line by some elinieians) is a partienlarly 
important landmark beeanse it is visible and 
approximates the level of important anatomieal ehanges 
related to the transition from viseeral to parietal (Fig. 3.59), 
affeeting sneh things as the types of tnmors that oeenr, and 
the direetion in which they metastasize. 



Anal Fissnres; isehio-anal and 
Peri-anal Abseesses 


The isehio-anal fossae are oeeasionally the sites of 
infeetion, which may resnlt in the formation of 
isehio-anal ahseesses (Fig. B3.31A). These eollee- 
tions of pns are painfnl. infeetions may reaeh the isehio-anal 
fossae in several ways: 



• After eryptitis (infiammation of anal sinnses). 

• Extension from a pelvireetal abseess. 

• After a tear in the anal mneons membrane. 

• From a penetrating wound in the anal region. 


Diagnostie signs of an isehio-anal abseess are fnllness and 
tenderness between the anns and the isehial tnberosity. A 
peri-anal abseess may rnptnre spontaneonsly, opening into 
the anal eanal, reetnm, or peri-anal skin. Beeanse the isehio- 
anal fossae eommnnieate posteriorly throngh the deep post- 
anal spaee, an abseess in one fossa may spread to the other 
one, and form a semieirenlar “horseshoe-shaped” abseess 
aronnd the posterior aspeet of the anal eanal. 

In ehronieally eonstipated persons, the anal valves and 
mneosa may be torn by hard feees. An analjìssnre (slit-like 
lesion) is nsnally loeated in the posterior midline, inferior to 
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the anal valves. It is painfnl beeanse this region is snpplied by 
sensory fibers of the inferior reetal nerves. A peri-anal ahseess 
may follow infeetion of an anal fissnre, and the infeetion may 
spread to the isehio-anal fossae and form isehio-anal abseesses 
or spread into the pelvis and form a pelvireetal ahseess. 

An analfistnla may resnlt from the spread of an anal infee- 
tion and eryptitis (infiammation of an anal sinns). One end of 
this abnormal eanal (fistnla) opens into the anal eanal, and 
the other end opens into an abseess in the isehio-anal fossa 
or into the peri-anal skin. 
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Hemorrhoids 



Internal hemorrhoids (piles) are prolapses of reetal 
mucosa (more speeifieally, of the “anal cushions”) 
eontaining the normally dilated veins of the internal 
reetal venons plexus (Fig. B3.31B). Internal hemorrhoids 
resnlt from a breakdown of the mnsenlaris mneosae, a smooth 
mnsele layer deep to the mneosa. Internal hemorrhoids that 
prolapse into or throngh the anal eanal are often eompressed by 
the eontraeted sphineters, impeding blood flow. As a resnlt, 
they tend to strangnlate and nleerate. Beeanse of the presenee 
of abnndant arteriovenons anastomoses, bleeding from internal 
hemorrhoids is eharaeteristieally bright red. The enrrent prae- 
tiee is to treat only prolapsed, nleerated internal hemorrhoids. 
External hemorrhoids are thromboses (blood elots) in the 
veins of the external reetal venons plexus and are eovered by 
skin. Predisposing faetors for hemorrhoids inelnde pregnaney, 
ehronie eonstipation and prolonged toilet sitting and straining, 
and any disorder that impedes venons retnrn, inelnding 
inereased intra-abdominal pressnre. 

The anastomoses between the snperior, middle, andinferior 
reetal veins form elinieally important communications between 
the portal and systemie venons systems (see Fig. 2.75A). The 
snperior reetal vein drains into the inferior mesenterie vein, 
whereas the middle and inferior reetal veins drain throngh 
the systemie system into the inferior vena eava. Any abnormal 
inerease in pressnre in the valveless portal system or veins of 


the trnnk may eanse enlargement of the snperior reetal veins, 
resnlting in an inerease in blood flow or stasis in the internal 
reetal venons plexus. In the portal hypertension that oeenrs 
in relation to hepatie eirrhosis, the portoeaval anastomosis 
between the snperior and the middle and inferior reetal veins, 
along with portoeaval anastomoses elsewhere, may beeome 
varieose. It is important to note that the veins of the reetal 
plexuses normally appear varieose (dilated and tortnons), even 
in newborns, and that internal hemorrhoids oeenr most eom- 
monly in the absenee of portal hypertension. 

Begarding pain from and the treatment of hemorrhoids, 
it is important to note that the anal eanal snperior to the pee- 
tinate line is viseeral; thns it is innervated by viseeral affer- 
ent pain flbers, so that an ineision or needle insertion in this 
region is painless. Internal hemorrhoids are not painfnl and 
ean be treated without anesthesia. Inferior to the peetinate 
line, the anal eanal is somatie, snpplied by the inferior anal 
(reetal) nerves eontaining somatie sensory flbers. Therefore, 
it is sensitive to painfnl stimnli (e.g., to the priek of a hypo- 
dermie needle). External hemorrhoids ean be painfnl bnt 
often resolve in a few days. 


Anoreetal ineontinenee 



Stretehing of the pndendal nerve(s) dnring a tran- 
matie ehildbirth ean resnlt in pndendal nerve dam- 
age and anoreetal ineontinenee. 


The Bottom Lìne 


PERINEUM AND PERINEAL REGION 

The perineum is the diamond-shaped eompartment bounded 
peripherally by the osseofibrous pelvie outlet and deeply (supe- 
riorly) by the pelvie diaphragm. ♦ The surface area overlying 
this eompartment is the perineal region. ♦ The urogenital 
(UG) triangle (anteriorly) and anal triangle (posteriorly) that 
togetherform this diamond-shaped area lie at angles to eaeh 
other. ♦ The interseeting planes of the triangles define the 
transverse line (extending between isehial tuberosities) that is 
the base of eaeh triangle. ♦ Gentrally, the UG triangle is perfo- 
rated by the urethra and, in females, by the vagina. ♦ The anal 
triangle is perforated by the anal eanal. ♦ The perineal body is 
a musculofibrous mass between the UG and the anal perforat- 
ing structures, at the eenter point of the perineum. 

UG trìangle: The subcutaneous tissue of the urogenital 
triangle includes a superficial fatty layer and a deeper mem- 
branous layer, the perineal faseia (Golles faseia), which are 
continuous with eorresponding layers of the inferior anterior 
abdominal wall. ♦ In females, the fatty layer is thiek within the 
mons pubis and labia majora, but in males it is replaeed by 
smooth dartos muscle in the penis and scrotum. ♦ The peri- 
neal faseia is limited to the UG triangle, fusing with the deep 
faseia at the posterior border (base) of the triangle. ♦ In males. 


this layer extends into the penis and scrotum, where it is elosely 
assoeiated with the loose, mobile skin of these structures. 

♦ The planar perineal membrane divides the urogenital triangle 
of the perineum into superficial and deep perineal pouches. 

♦ The superficial perineal pouch is between the membranous 
layer of subcutaneous tissue ofthe perineum and the perineal 
membrane, and is bounded laterally by the ischiopubic rami. 

♦ The deep perineal pouch is between the perineal membrane 
and the inferior faseia ofthe pelvie diaphragm, and is bounded 
laterally by the obturator faseia. ♦ The superficial perineal 
pouch eontains the ereetile bodies of the external genitalia and 
assoeiated muscles, the superficial transverse perineal muscle, 
deep perineal nerves and vessels, and in females the greater 
vestibular glands. ♦ The deep pouch includes the fat-filled 
anterior reeesses of the isehio-anal fossae (laterally), the deep 
perineal muscle and inferiormost part of the external urethral 
sphineter, the part of the urethra traversing the perineal 
membrane and inferiormost external urethral sphineter (the 
intermediate urethra of males), the dorsal nerves of the penis/ 
elitoris, and in males the bulbo-urethral glands. 

Anal trìangle: The isehio-anal fossae are faseia-lined, 
wedge-shaped spaees occupied by isehio-anal fat bodies. 
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♦ The fat bodies provide supportive paeking that ean be eom- 
pressed or pushed aside to permit the temporary deseent and 
expansion ofthe anal eanal or vagina for passage offeees or 
a fetus. ♦ The fat bodies are traversed by inferior anal/reetal 
neurovasculature. ♦ The pudendal eanal is an important pas- 
sagevvay in the lateral wall of the fossa, between layers of the 
obturator faseia, for neurovasculature passing to and from the 
LIG triangle. 

Anal eanal: The anal eanal is the terminal part of both the 
large intestine and the digestive traet, the anus being the external 
outlet. ♦ Closure (and thus feeal eontinenee) is maintained by 
the eoordinated aetion of the involuntary internal and volun- 
tary external anal sphineters. ♦ The sympathetieally stimulated 


tonus of the internal sphineter maintains closure, except during 
filling of the reetal ampulla and when inhibited during a para- 
sympathetieally stimulated peristaltie eontraetion ofthe rectum. 
♦ During these moments, closure is maintained (unless defeea- 
tion is permitted) by voluntary eontraetion ofthe puborectalis 
and external anal sphineter. ♦ Internally, the peetinate line 
demareates the transition from viseeral to somatie neurovascular 
supply and drainage. ♦ The anal eanal is surrounded by super- 
fieial and deep venous plexuses, the veins of which normally have 
a varieose appearanee. ♦ Thromboses in the superficial plexus 
and mucosal prolapse, including portions of the deep plexus, 
constitute painful external and insensitive internal hemorrhoids, 
respeetively. 


Male IJrogenìtal Trìangle 

The male urogenital triangle includes the external geni- 
talia and perineal mnseles. The male external genitalia 
inelnde the distal nrethra, serotnm, and penis. 

DISTAL MALE URETHRA 

The male nrethra is snbdivided into fonr parts: intramnral 
(preprostatie), prostatie, intermediate, and spongy. The 
intramnral and prostatie parts are deseribed with the pelvis 
(earlier in this ehapter). Details eoneerning all fonr parts of 
the male nrethra are provided and eompared in Table 3.6. 

The intermediate (membranons) part of the nrethra 
begins at the apex of the prostate and traverses the deep peri- 
neal poneh, snrronnded by the external nrethral sphineter. It 
then penetrates the perineal membrane, ending as the nre- 
thra enters the bnlb of the penis (Fig. 3.60). Posterolateral to 
this part of the nrethra are the small hulho-urethral glands 
and their slender dnets, which open into the proximal part of 
the spongy nrethra. 

The spongy nrethra begins at the distal end of the inter- 
mediate part of the nrethra and ends at the male external 
nrethral orifiee, which is slightly narrower than any of the 
other parts of the nrethra. The Inmen of the spongy nrethra 
is approximately 5 mm in diameter; however, it is expanded 
in the bnlb of the penis to form the intrabnlbar fossa, and 
in the glans penis to form the navienlar fossa. On eaeh side, 
the slender ducts of the hulho-urethral glands open into the 
proximal part of the spongy nrethra; the orifiees of these 
dnets are extremely small. There are also many minnte open- 
ings of the dnets of mnens-seereting nrethral glands into 
the spongy nrethra. 

Arteríal Supply of Dístal Male Llrethra. The arterial 
snpply of the intermediate and spongy parts of the nrethra is 
from branehes of the dorsal artery of the penis (Figs. 3.52C 
and 3.58; Table 3.8). 

Venous and Lymphatìe Draìnage of Dístal Male 
LJrethra. Veins aeeompany the arteries and have similar 


names. Lymphatie vessels from the intermediate part of 
the nrethra drain mainly into the internal iliae lymph nodes 
(Table 3.7; see Fig. 3.65), whereas most vessels from the 
spongy nrethra pass to the deep ingninal lymph nodes, bnt 
some lymph passes to the external iliae nodes. 

Innervatíon of Distal Male IJrethra. The innervation 
of the intermediate part of the nrethra is the same as that of 
the prostatie part: antonomie (efferent) innervation via the 
prostatie nerve plexus, arising from the inferior hypogas- 
trie plexus. The sympathetie innervation is from the Inmbar 
spinal eord levels via the Inmbar splanehnie nerves, and the 
parasympathetie innervation is from the saeral levels via the 
pelvie splanehnie nerves. The viseeral afferent fibers follow 
the parasympathetie fibers retrogradely to saeral spinal sen- 
sory ganglia. The dorsal nerve of the penis, a braneh of the 
pndendal nerve, provides somatie innervation of the spongy 

part of the nrethra (Fig. 3.57). 

SCROTUM 

The serotam is a entaneons fibromnsenlar sae for the tes- 
tes and assoeiated strnetnres. It is sitnated postero-infe- 
rior to the penis and inferior to the pnbie symphysis. The 
bilateral embryonie formation of the serotnm is indieated 
by the midline serotal raphe (Fig. 3.61A & E), which is 
eontinnons on the ventral snrfaee of the penis with the 
penile raphe and posteriorly along the median line of 
the perinenm with the perineal raphe. Internally, deep 
to the serotal raphe, the serotnm is divided into two eom- 
partments, one for eaeh testis, by a prolongation of the 
dartos faseia, the septnm of the serotnm. The testes and 
epididymides and their eoverings are deseribed with the 
abdomen (see Ghapter 2). 

Arteríal Supply of Scrotum. Anterior serotal arter- 

ies, terminal branehes of the external pndendal arteries 
(from the femoral artery), snpply the anterior aspeet of the 
serotnm. Posterior serotal arteries, terminal branehes of 
the snperfieial perineal branehes of the internal pndendal 
arteries, snpply the posterior aspeet (Fig. 3.58A; Table 3.8). 
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FIGIJRE 3.60. Male urethra and assoeìated structures. The urethra has four parts: the vesicular part (in the bladder neek), the prostatie urethra, the 
intermediate part (membranous urethra), and the spongy (cavernous) urethra. The ducts of the bulbo-urethral glands open into the proximal part of the 
spongy urethra. The urethra is not uniform in its ealiber: The external urethral orifiee and intermediate part are narrovvest. Attempting to approaeh this 
“straight-line” position as much as possible faeilitates passage ofa eatheter or other transurethral deviee. 


The scrotum also reeeives branehes from the eremasterie 
arteries (branehes of the inferior epigastrie arteries). 

Venous and Lymphatíe Draínage of Scrotum. The 

serotal veins aeeompany the arteries, sharing the same names 
bnt draining primarily to the external pndendal veins. Lym- 
phatie vessels from the scrotum earry lymph to the snper- 
fieial ingainal lymph nodes (Table 3.6). 

Innervatìon of Scrotum. The anterior aspeet of the 
serotnm is supplied by derivatives of the Inmhar plexus: 
anterior serotal nerves, derived from the ilio-inguinal 
nerve, and the genital hraneh of the genitofemoral nerve 
(Table 3.10). The posterior aspeet of the serotnm is sup- 
plied by derivatives of the saeral plexus: posterior serotal 
nerves, branehes of the snperfieial perineal hranehes of the 
pndendal nerve, and the perineal hraneh of the posterior 
cutaneous nerve of thigh (Figs. 3.57, 3.62A, and 3.64). Sym- 
pathetie fìbers eonveyed by these nerves assist in the ther- 
moregnlation of the testes, stimnlating eontraetion of the 
smooth dartos mnsele in response to eold or stimnlating the 
serotal sweat glands while inhibiting eontraetion of the dartos 
mnsele in response to excessive warmth. 

PENIS 

The penis is the male eopnlatory organ and, by eonvey- 
ing the nrethra, provides the eommon ontlet for urine and 


semen (Figs. 3.60-3.62). The penis eonsists of a root, hody, 
and glans. It is eomposed of three eylindrieal eavernons bod- 
ies of ereetile tissne: the paired eorpora eavernosa dorsally 
and the single eorpns spongiosnm ventrally. In the ana- 
tomieal position, the penis is ereet; when the penis is fìae- 
eid, its dorsnm is direeted anteriorly. Eaeh eavernons hody 
has an outer fìbrous eovering or eapsnle, the tnniea albn- 
ginea (Fig. 3.61C). Snperfìeial to the outer eovering is the 
deep faseia of the penis (Buck faseia), the continuation 
of the deep perineal faseia that forms a strong membranons 
eovering for the eorpora eavernosa and eorpns spongiosnm, 
binding them together (Fig. 3.61C & D). The eorpns spon- 
giosnm eontains the spongy nrethra. The eorpora eavernosa 
are fused with eaeh other in the median plane, except pos- 
teriorly where they separate to form the ernra of the penis 
(Figs. 3.60 and 3.62B). Internally, the eavernons tissne of the 
eorpora is separated (usually ineompletely) by the septnm 
penis (Fig. 3.61C). 

The root of the penis, the attaehed part, eonsists of 
the crura, bulb, and isehioeavernosns and bulbospongiosus 
muscles (Figs. 3.60 and 3.62A & B). The root is loeated in 
the snperfìeial perineal pouch, between the perineal mem- 
brane snperiorly and the deep perineal faseia inferiorly (see 
Fig. 3.53B & D). The ernra and bnlb of the penis eonsist 
of ereetile tissne. Eaeh crus is attaehed to the inferior part of 
the internal snrfaee of the eorresponding isehial ramus (see 
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FIGIJRE 3.61. Penis and scrotum. A. The urethral surface ofthe circumcised penis is shovvn. The spongy urethra is deep to the cutaneous penile raphe. 
The scrotum is divided into right and left halves by the cutaneous serotal raphe, vvhieh is continuous vvith the penile and perineal raphes. B. The dorsum of 
the circumcised penis and the anterior surface of the scrotum are shown. The penis eomprises a root, body, and glans. C. The penis eontains three ereetile 
masses: two eorpora eavernosa and a corpus spongiosum (eontaining the spongy urethra). D. The skin of the penis extends distally as the prepuce, overlap- 
ping the neek and eorona of the glans. E. An uncircumcised penis. 


Fig. 3.52D), anterior to the isehial tnberosity. The enlarged 
posterior part of the bnlb of the penis is penetrated snperi- 
orly by the nrethra, eontinning from its intermediate part 

(Figs. 3.60 and 3.62B). 

The body of the penis is the free pendnlons part that is 
snspended from the pnbie symphysis. Except for a few fibers 
of the bnlbospongiosns near the root of the penis and the 
isehioeavernosns that embraee the ernra, the body of the 
penis has no mnseles (Fig. 3.62). 

The penis eonsists of thin skin, eonneetive tissne, blood 
and lymphatie vessels, faseia, the eorpora eavernosa, and eor- 
pns spongiosnm eontaining the spongy nrethra (Fig. 3.61C). 
Distally, the eorpns spongiosnm expands to form the eonieal 


glans penis, or head of the penis (Figs. 3.61A, B, & D and 
3.62B). The margin of the glans projeets beyond the ends 
of the eorpora eavernosa to form the eorona of the glans. 
The eorona overhangs an obliquely grooved eonstrietion, the 
neek of the glans, which separates the glans from the body 
of the penis. The slit-like opening of the spongy nrethra, the 
external nrethral orìjìee (meatns), is near the tip of the glans 
penis. 

The skin of the penis is thin, darkly pigmented relative 
to adjaeent skin, and eonneeted to the tnniea albnginea by 
loose eonneetive tissne. At the neek of the glans, the skin 
and faseia of the penis are prolonged as a donble layer of 
skin, the prepuce (foreskin), which in nneirenmeised males 
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FIGITRE 3.62. Male perineum and structure of penis. A. The anal eanal is surrounded by the external anal sphineter, with an isehio-anal fossa on eaeh 
side. The inferior anal (reetal) nerve branehes from the pudendal nerve at the entranee to the pudendal eanal and, with the perineal braneh of 54, supplies 
the external anal sphineter. B. The corpus spongiosum has been separated from the eorpora eavernosa. The natural fìexures of the penis are preserved. The 
glans penis fìts like a eap over the blunt ends ofthe eorpora eavernosa. C. CT sean at level of superfìcial pouch of a male. (Courtesy of Dr. Donald R. Cahill, 
Department of Anatomy, Mayo Medieal Sehool, Roehester, MN.) 


eovers the glans penis to a variable extent (Fig 3.61E). The 
frenulum of the prepuce is a median fold that passes from 
the deep layer of the prepnee to the nrethral snrfaee of the 

glans (Fig. 3.61A & D). 

The suspensory ligament of the penis is a eondensa- 
tion of deep faseia that arises from the anterior snrfaee of the 
pnbie symphysis (Fig. 3.63). The ligament passes inferiorly 
and splits to form a sling that is attaehed to the deep faseia 


of the penis at the jnnetion of its root and body. The fibers 
of the snspensory ligament are short and tant, anehoring the 
ereetile bodies of the penis to the pnbie symphysis. 

The fnndiform ligament of the penis is an irregnlar 
mass or eondensation of eollagen and elastie fibers of the 
snbentaneons tissne that deseends in the midline from the 
linea alba anterior to the pnbie symphysis (see Fig. 3.53F). 
The ligament splits to snrronnd the penis and then nnites and 
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FIGURE 3.63. Vessels and nerves on dorsum of penis and eontents 
of spermatie eord. The skin ofthe penis and scrotum has been removed. 
The superficial (dartos) faseia eovering the penis has also been removed to 
expose the deep dorsal vein in the midline fìanked by bilateral dorsal 
arteries and nerves. 


blends inferiorly with the dartos faseia forming the serotal 
septnm. The fibers of the fnndiform ligament are relatively 
long and loose and lie snperfieial (anterior) to the snspensory 

Arterìal Supply of Penís. The penis is snpplied mainly 
hy hranehes of the internal pndendal arteries (see Fig. 3.58A; 
Table 3.8). 

• Dorsal arteries of the penis rnn on eaeh side of the 
deep dorsal vein in the dorsal groove between the eor- 
pora eavernosa (Figs. 3.61C & D and 3.63), snpplying 
the fibrons tissne aronnd the eorpora eavernosa, the 
eorpns spongiosnm and spongy nrethra, and the penile 
skin. 

• Deep arteries of the penis pieree the ernra proximally 
and rnn distally near the eenter of the eorpora eavernosa, 
snpplying the ereetile tissne in these strnetnres (Figs. 

3.58A and3.61C). 

• Arteries of the hnlh of the penis snpply the poste- 
rior (bnlbons) part of the eorpns spongiosnm and the 
nrethra within it as well as the bnlbo-nrethral gland (see 

Fig. 3.58A). 

In addition, snperfieial and deep hranehes of the exter- 

nal pndendal arteries snpply the penile skin, anastomosing 
with branehes of the internal pndendal arteries. 



The deep arteries of the penis are the main vessels snpply- 
ing the eavernons spaees in the ereetile tissne of the eorpora 
eavernosa and are, therefore, involved in the ereetion of the 
penis. They give off nnmerons branehes that open direetly 
into the eavernons spaees. When the penis is fiaeeid, these 
arteries are eoiled, restrieting blood fiow; they are ealled 
helieine arteries of the penis (G. helix, a eoil). 

Venous Draínage of Penís. Blood from the eavernons 
spaees is drained by a venons plexus that joins the deep dorsal 
vein of the penis in the deep faseia (Figs. 3.61C and 3.63). This 
vein passes between the laminae of the snspensory ligament of 
the penis, inferior to the inferior pnbie ligament and anterior 
to the perineal membrane, to enter the pelvis, where it drains 
into the prostatie venons plexus. Blood from the skin and snb- 
entaneons tissne of the penis drains into the snperfieial dorsal 
vein(s), whieh drain(s) into the snperfieial external pndendal 
vein. Some blood also passes to the internal pndendal vein. 

Innervatíon of Penís. The nerves derive from the 82- 
84 spinal eord segments and spinal ganglia, passing throngh 
the pelvie splanehnie and pndendal nerves, respeetively 
(Fig. 3.64). Sensory and sympathetie innervation is provided 
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FIGURE 3.64. Nerves of perineum. The puclenclal nerve eonveys 
the majority of sensory, sympathetie, and somatie motor fibers to the 
perineum. Although originating from the same spinal eord segments from 
\A/hich the pudendal nerve is derived, the parasympathetie fibers of the eav- 
ernous nerves course independently of the pudendal nerve. With the excep- 
tion of the cavernous nerves, parasympathetie fibers do not occur outside 
the head, neek, or eavities of the trunk. The cavernous nerves arise from the 
prostatie plexus of males and from the vesieal plexus offemales. They termi- 
nate on the arteriovenous anastomoses and helieine arteries ofthe ereetile 
bodies, v\/hich, when stimulated, produce ereetion ofthe penis or engorge- 
ment ofthe elitoris and vestibular bulb in females. 
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primarily by the dorsal nerve of the penis, a terminal braneh 
of the pndendal nerve, which arises in the pndendal eanal 
and passes anteriorly into the deep perineal poneh. It then 
rnns to the dorsnm of the penis, where it rnns lateral to the 
dorsal artery (Figs. 3.61C and 3.63). It snpplies both the skin 
and glans penis. The penis is riehly snpplied with a variety of 
sensory nerve endings, espeeially the glans penis. Branehes 
of the ilio-ingainal nerve snpply the skin at the root of the 
penis. Cavernous nerves, eonveying parasympathetie fibers 
independently from the prostatie nerve plexus, innervate the 
helieine arteries of the ereetile tissne. 


LYMPHATie DRAINAGE OF MALE PERINEUM 

Lymph from the skin of all parts of the perinenm, inelnding 
the hairless skin inferior to the peetinate line of the anoree- 
tnm bnt excluding the glans penis, drains to the snperfieial 
ingainal nodes (Fig. 3.65). 

Refieetive of their abdominal origins, lymph from the tes- 
tes follow a ronte, independent of the serotal drainage, along 
the testienlar veins to the intermesenterie portion of the lum- 
har {eavaHaortie) diaàpre-aortie lymph nodes. 

Lymphatie drainage from the intermediate and proximal 
parts of the nrethra and eavernons bodies drain into the inter- 
nal iliae lymph nodes, whereas most vessels from the distal 
spongy nrethra and glans penis pass to the deep ingainal 
nodes, bnt some lymph passes to the external ingninal nodes. 

PERINEAL MUSCLES OF MALE 

The superficial perineal mnseles, loeated in the snper- 
fieial perineal poneh, inelnde the snperfieial transverse peri- 


Lymph nodes: 
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External iliae 
Superficial inguinal 
Deep inguinal 
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from: 

• glans penis (A) 
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FIGURE 3.65. Lymphatie drainage of male urogenital triangle—penis, 
spongy urethra, scrotum, and testis. The arrows indieate the direetion of 
lymph fìovvto the lymph nodes. 


neal, bnlbospongiosns, and isehioeavernosns mnseles (Figs. 
3.62A and 3.66). Details abont the attaehments, innervation, 
and aetions of these mnseles are provided in Table 3.9. 

The superficial transverse perineal mnseles and the 
bnlbospongiosns mnseles join the external anal sphineter in 
attaehing eentrally to the perineal body. They eross the pelvie 
ontlet like interseeting beams, snpporting the perineal body 
to aid the pelvie diaphragm in snpporting the pelvie viseera. 
Simnltaneons eontraetion of the snperfieial perineal mnseles 
(plns the deep transverse perineal mnsele) dnring penile 
ereetion provides a firmer base for the penis. 

The bulbospongiosus muscles form a eonstrietor that 
eompresses the bnlb of the penis and the eorpns spongiosnm, 
thereby aiding in emptying the spongy nrethra of residnal 
nrine and/or semen. The anterior fibers of the bnlbospongio- 
sns, eneireling the most proximal part of the body of the penis, 
also assist ereetion by inereasing the pressnre on the ereetile 
tissne in the root of the penis (Fig. 3.62A). At the same time, 
they also eompress the deep dorsal vein of the penis, imped- 
ing venons drainage of the eavernons spaees and helping pro- 
mote enlargement and tnrgidity of the penis. 

The iscbiocavemosus muscles snrronnd the ernra in the 
root of the penis. They foree blood from the eavernons spaees 
in the ernra into the distal parts of the eorpora eavernosa, 
which inereases the tnrgidity (firm distension) of the penis 
dnring ereetion. Gontraetion of the isehioeavernosns mnseles 
also eompresses the tribntaries of deep dorsal vein of the penis 
leaving the erns of the penis, thereby restrieting venons ont- 
fiow from the penis and helping maintain the ereetion. 

Beeanse of their fnnetion dnring ereetion and the aetivity of 
the bnlbospongiosns subsequent to nrination and ejaenlation 
to expel the last drops of nrine and semen, the perineal mns- 
eles are generally more developed in males than in females. 

EREGTION, EMISSION, EJACULATION, 

AND REMISSION 

When a male is stimnlated erotieally, arteriovenons anasto- 
moses by which blood is normally able to bypass the “empty” 
potential spaees or sinnses of the eorpora eavernosa are elosed. 
The smooth mnsele in the fibrons trabeenlae and eoiled heli- 
eine arteries relaxes (is inhibited) as a resnlt of parasympathetie 
stimnlation (S2-S4 throngh the eavernons nerves from the 
prostatie nerve plexus). Consequently, the helieine artenes 
straighten, enlarging their Inmina and allowing blood to fiow 
into and dilate the eavemons spaees in the eorpora of the penis. 

The bnlbospongiosns and isehioeavernosns mnseles eom- 
press veins egressing from the eorpora eavernosa, impeding 
the retnrn of venons blood. As a resnlt, the eorpora eavernosa 
and eorpns spongiosnm beeome engorged with blood near 
arterial pressnre, eansing the ereetile bodies to beeome tnr- 
gid (enlarged and rigid), and an ereetion oeenrs. 

Dnring emission, semen (sperms and other glandnlar 
seeretions) is delivered to the prostatie nrethra throngh the 
ejaenlatory dnets after peristalsis of the dnetns deferentes 
and seminal glands. Prostatie finid is added to the seminal 
























424 


ehapter 3 Pelvis and Perineum 


(A) 


Drethra 


Body of penis 



Pubis symphysis 

eiitoris 


External urethral orifiee 

Vaginal orifiee 

Muscles of superfìcial pouch: 

Ischiocavernosus 

Bulbospongiosus 

Median raphe 

Superficial transverse 
perineal muscle 

Perineal membrane 

Perineal body 


Anus 


External anal sphineter 



Muscles of deep pouch 


External urethral 
sphineter 

Gompressor urethrae 

Deep transverse 
perineal muscle 


Drethrovaginal sphineter 


Smooth muscle 


Embedded bulbo-urethral 



Enelosed 

bulbo- 

urethral 




(B) 


Male 


Inferior views 


Female 


FIGITRE 3.66. Muscles of perineum. A. Muscles of superfìcial perineal pouch. B. Muscles of deep perineal pouch 


TABLE3.9. MUSCLES OF PERINEUM 


Muscle 

Origin 

Course and Distributìon 

Innervatìon 

Main Aetìon 

External anal 
sphineter 

Skin and faseia 
surrounding anus; 
coccyx via anoeoeey- 
geal ligament 

Passes around lateral aspeets 
of anal eanal, insertion into 
perineal body 

Inferior anal (reetal) 
nerve, a braneh of 
pudendal nerve (52-54) 

Gonstriets anal eanal during 
peristalsis, resisting defeea- 
tion; supports and fixes peri- 
neal body and pelvie floor 

Bulbospongiosus 

Male: median raphe 
on ventral surface of 
bulb of penis; perineal 
body 

Male: surrounds lateral 
aspeets of bulb of penis and 
most proximal part of body of 
penis, inserting into perineal 
membrane, dorsal aspeet of 
corpus spongiosum and eor- 
pora eavernosa, and faseia of 
bulb of penis 

Muscular(deep) braneh 
of perineal nerve, a 
braneh of pudendal nerve 
(52-54) 

Male: supports and fixes peri- 
neal body/pelvie floor; eom- 
presses bulb of penis to expel 
Ìastdrops of urine/semen; 
assists ereetion by eompress- 
ing outflovv via deep perineal 
vein and by pushing blood 
from bulb into body of penis 

Female: pehneal 
body 

Female: passes on eaeh side 
of lovvervagina, enelosing bulb 
and greater vestibulargland; 
inserts into pubic areh and 
faseia of eorpora eavernosa of 
elitoris 

Female: supports and fixes 
perineal body/pelvie floor; 
"sphincter”of vagina; assists in 
ereetion of elitoris (and 
perhaps bulb of vestibule); 
eompresses greater vestibular 
gland 
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TABLE 3.9. MUSCLES OF PERINEUM (Contìnued) 


Muscle 

Origin 

Course and Distribution 

Innervation 

Main Aetion 

lschiocavernosus 

Internal surface of 
ischiopubic ramus and 
isehiai tuberosity 

Embraees crus of penis or 
elitoris, inserting onto inferior 
and medial aspeets of crus 
and to perineal membrane 
medial to crus 

Muscular (deep) braneh 
of perineal nerve, a 
braneh of pudendal nerve 
(S2-S4) 

Maintains ereetion of penis or 
elitoris by eompressing outflow 
veins and pushing blood from 
the rootof penis or 
elitoris into the body of penis 
or elitoris 

Supeificial 
transverse 
perineal niuscle 

Passes along inferioraspeet 
of posterior border of perineal 
membrane to perineai body 

Supports and fixes perineal 
body/pelvie floorto support 
abdominopelvie viseera and 
resist inereased intra- 
abdominal pressure 

Deep transverse 
perineal niuscle 

Passes along superioraspect 
of posterior border of perineal 
membrane to perineai body 
and external anal sphineter 

External urethral 
sphineter 

(Gompressor urethra 
portion only) 

Surrounds urethra superiorto 
perineal membrane; in males, 
italso aseends anterioraspeet 
of prostate; in females, some 
fibers also enelose vagina 
(urethrovaginal sphineter) 

Dorsal nerve of penis 
or elitoris, the terminal 
braneh of the pudendal 
nerve (S2-S4) 

Gompresses urethra to 
maintain urinary eontinenee; 
in females, urethrovaginal 
sphineter portion also eom- 
presses vagina 


flmd as the smooth muscle in the prostate eontraets. Emis- 
sion is a sympathetie response (L1-L2 nerves). Dnring ejae- 
ulation, semen is expelled from the nrethra throngh the 
external nrethral oriflee. 

Ejaenlation resnlts from: 

• elosnre of the internal nrethral sphineter at the neek of the 
nrinary bladder, a sympathetie response (L1-L2 nerves). 

• Gontraetion of the nrethral mnsele, a parasympathetie 
response (S2-S4 nerves). 


• Gontraetion of the bnlbospongiosns muscles, from the 
pudendal nerves (S2-S4). 

After ejaenlation, the penis gradnally retnrns to a flaeeid 
state (remission), resnlting from sympathetie stimnlation, 
which eanses eonstrietion of the smooth mnsele in the eoiled 
helieine arteries. The bulbospongiosus and isehioeavernosns 
mnseles relax, allowing more blood to be drained from the 
eavernons spaees in the eorpora eavernosa into the deep dor- 
sal vein. 


MALE UROGENITAL TRIANGLE 



Urethral Gatheterization 

JJrethral eatheterization is done to remove urine 
from a person who is nnable to mietnrate. It is also 
performed to irrigate the bladder and to obtain an 
nneontaminated sample of urine. When inserting eatheters 
and nrethral sonnds (slightly eonieal instrnments for explor- 
ing and dilating a eonstrieted nrethra), the emves of the male 
nrethra must be eonsidered. Just distal to the perineal mem- 
brane, the spongy nrethra is well eovered inferiorly and pos- 
teriorly by ereetile tissne of the bulb of the penis; however, a 
short segment of the intermediate part of the nrethra is 
nnproteeted (Eig. B3.32). Beeanse the nrethral wall is thin 
and the angle that must be negotiated to enter the intermedi- 
ate part of the spongy nrethra, the wall is vnlnerable to rup- 
ture during the insertion of nrethral eatheters and sonnds. 
The intermediate part, the least distensible part, runs infero- 
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FIGURE B3.32 
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anteriorly as it passes throngh the external nrethral sphineter. 
Proximally, the prostatie part takes a slight enrve that is eon- 
eave anteriorly as it traverses the prostate. 

JJrethral strietnre may resnlt from external tranma of the 
penis or infeetion of the nrethra. IJrethral sonnds are nsed 
to dilate the eonstrieted nrethra in sneh eases. The spongy 
nrethra will expand enongh to permit passage of an instrn- 
ment approximately 8 mm in diameter. The external nrethral 
orifiee is the narrowest and least distensible part of the nre- 
thra; henee, an instrnment that passes throngh this opening 
normally passes throngh all other parts of the nrethra. 


Distension of Serotnm 



The serotnm is easily distended. In persons with large 
indireet ingninal hemias, for example, the intestine 
may enter the serotnm, making it as large as a soeeer 
ball. Similarly, infiammation of the testes (orehitis), assoeiated 
with mnmps, bleeding in the snbentaneons tissne, or ehronie 
lymphatie obstrnetion (as oeenrs in the parasitie disease ele- 
phantiasis) may prodnee an enlarged serotnm. 
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Palpatìon of Testes 

The soft, pliable skin of the serotnm makes it easy to 
palpate the testes and the stmetnres related to them 
(e.g., the epididymis and dnetns deferens). The left tes- 
tis eommonly Hes at a more inferior level than does the right one. 

Hypospadias 

Hypospadias is a eommon eongenital anomaly of the 
penis, oeenrring in 1 in 300 newborns. In the simplest 
and most eommon form, glannlar hypospadias, the 
external nrethral orifiee is on the ventral aspeet of the glans 
penis. In other infants, the defeet is in the body of the penis 
{penile hypospadias) (Fig. B3.33A), or in the perinenm {peno- 
serotal or serotal hypospadias) (Fig. B3.33B). Henee, the 
extemal nrethral orifiee is on the nrethral snrfaee of the penis. 
The embryologieal basis of penile and penoserotal hypospadias 
is failnre of the nrogenital folds to fnse on the ventral snrfaee 
of the penis, eompleting the formation of the spongy nrethra. 
It is believed that hypospadias is assoeiated with an inadequate 
prodnetion of androgens by the fetal testes. Differenees in the 
timing and degree of hormonal insnffieieney probably aeeonnt 
for the different types of hypospadias. 




Phimosis, Paraphimosis, 
and Circumcision 



In an nneirenmeised penis, the prepnee 
eovers all or most of the glans penis (see Fig. 
3.61E). The prepnee is nsnally snffieiently 
elastie for it to be retraeted over the glans. In some males, it fits 
tightly over the glans and eannot be retraeted easily {phimosis) 
if at all. As there are modified sebaeeons glands in the prepnee. 



Prepuce (foreskin) 


Glans penis [penis is 
curved ventrally 
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Unfused penile 
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urethral surface of 
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(B) Antero-inferior view 

FIGURE B3.33. 


the oily seeretions of eheesy eonsisteney {smegma) from them 
aeenmnlate in the preputial sae, loeated between the glans 
and prepnee, eansing irritation. 

In some males, retraetion of the prepnee over the glans 
penis eonstriets the neek of the glans so mneh that there is 
interferenee with the drainage of blood and tissne finid. In 
persons with this eondition {paraphimosis), the glans may 
enlarge so mneh that the prepnee eannot be drawn over it. 
Girenmeision is eommonly performed in sneh eases. 

eirenmeision, snrgieal exeision of the prepnee, is the 
most eommonly performed minor snrgieal operation on male 
infants. Following eirenmeision, the glans penis is exposed 
(see Fig. 3.61B). Althongh it is a religions praetiee in Islam 
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and Jndaism, it is often done rontinely for non-religions rea- 
sons (a preferenee nsnally explained in terms of tradition or 
hygiene) in North Ameriea. In adnlts, eirenmeision is nsnally 
performed when phimosis or paraphimosis oeenrs. 

impotenee and Ereetile Dysfnnetion 

Inability to obtain an ereetion (impotenee) may resnlt 
from several eanses. When a lesion of the prostatie 
plexus or eavernons nerves resnlts in an inability to 
aehieve an ereetion, a snrgieally implanted, semirigid or inflat- 
able penile prosthesis may assnme the role of the ereetile 


bodies, providing the rigidity neeessary to insert and move the 
penis within the vagina dnring intereonrse. 

Ereetile dysfnnetion (ED) may oeenr in the absenee of a 
nerve insnlt dne to a variety of other eanses. Gentral nervons 
system (hypothalamie) and endoerine (pitnitary or testien- 
lar) disorders may resnlt in redneed testosterone (male hor- 
mone) seeretion. Nerve flbers may fail to stimnlate ereetile 
tissnes, or blood vessels may be insnffieiently responsive to 
antonomie stimnlation. In many sneh eases ereetion ean be 
aehieved with the assistanee of oral medieations or injeetions 
that inerease blood flow into the eavernons sinnsoids by eans- 
ing relaxation of smooth mnsele. 



The Bottom Lìne 


MALE UROGENITAL TRIANGLE 

Dìstal male urethra: The intermediate urethra is the short- 
est and narrowest part of the male urethra, the limit of its 
distension normally being the same as that of the external ure- 
thral orifiee. ♦ It is eneireled by voluntary muscle ofthe inferior 
part of the external urethral sphineter before perforating the 
perineal membrane. ♦ Immediately inferior to the membrane, 
the urethra enters the corpus spongiosum and beeomes the 
spongy urethra, the longest part of the male urethra. ♦ The 
spongy urethra has expansions at eaeh end, the intrabulbar 
and navicular fossae. ♦ The intermediate and spongy parts 
ofthe urethra are supplied and drained by the same dorsal 
(blood) vessels of the penis, but differ in terms of innervation 
and lymphatie drainage. The intermediate part follows viseeral 
paths and the spongy part follows somatie paths. 

Scrotum: The scrotum is a dynamie, fibromuscular cutane- 
ous sae for the testes and epididymides. ♦ Its internal subdivi- 
sion by a septum of dartos faseia is demareated externally by a 
median serotal raphe. ♦ The anterior aspeet of the scrotum is 
served by anterior serotal blood vessels and nerves, continuations 
of external pudendal blood vessels and branehes of the lumbar 
nerve plexus. ♦ The posterior aspeet of the scrotum is served 
by posterior serotal blood vessels and nerves, continuations of 
internal pudendal blood vessels and branehes of the saeral nerve 
plexus. ♦ Sympathetie innervation of smooth dartos muscle and 
sweatglands assists thermoregulation ofthe testes. 

Penìs: The penis is an organ of copulation and excretion 
of urine and semen. ♦ It is formed mainly of thin, mobile skin 
overlying three eylindrieal bodies of ereetile cavernous tissue, 
the paired eorpora eavernosa, and a single corpus spongiosum 
eontaining the spongy urethra. ♦ The ereetile bodies are bound 
together by deep faseia of the penis, except at the root where 
they separate into the crura and bulb of the penis. ♦ The crura 
attaeh to the ischiopubic rami, but all parts of the root are 
attaehed to the perineal membrane. ♦ At the Junction ofthe 
root and body, the penis is attaehed to the pubic symphysis by 
the suspensory ligament of the penis. ♦ The ischiocavernosus 


muscles ensheath the crura, and the bulbospongiosus muscle 
ensheaths the bulb, its most anterior fibers eneireling the most 
proximal part of the penile body and deep dorsal vessels. ♦ 

The glans penis is a distal expansion of the corpus spongiosum, 
which has the external urethral orifiee at its tip and a projeeting 
eorona that overhangs the neek of the glans. ♦ Llnless removed 
by circumcision, the neek is eovered by the prepuce (foreskin). 

Except for skin near its root, the penis is supplied mainly 
by branehes of the internal pudendal arteries. ♦ The dorsal 
arteries supply most of the body and glans. ♦ The deep arter- 
ies supply the cavernous tissue. The terminal helieine arteries 
open to engorge the sinuses with blood at arterial pressure, 
causing penile ereetion. ♦ Superficial structures drain via the 
superficial dorsal vein to the external pudendal veins, whereas 
the ereetile bodies drain via the deep dorsal vein to the pro- 
staticvenous plexus. ♦ Sensory and sympathetie innervation 
is provided mainly by the dorsal nerve of the penis, but the 
helieine arteries that produce ereetion are innervated by eav- 
ernous nerves, extensions of the prostatie nerve plexus. 

Perìneal mnseles: In addition to their bony origins, the 
voluntary superficial and deep muscles ofthe perineum are 
also attaehed to the perineal membrane (by which they are 
separated) and the perineal body. ♦ In addition to the sphine- 
terie functions of the external anal and urethral sphineters for 
maintaining feeal and urinary eontinenee, the male perineal 
muscles function as a group to provide a base for the penis 
and support for the perineal body (which in turn supports the 
pelvie diaphragm). ♦ The ischiocavernosus and bulbospon- 
giosus muscles both eonstriet venous outflowfrom the ereetile 
bodies to assist ereetion, simultaneously pushing blood from 
the penile root into the penile body. ♦ In addition, the bulbo- 
spongiosus muscle eonstriets the bulb of the penis to express 
the final drops of urine or semen. ♦ Because of these multiple 
functions, the perineal muscles are generally relatively well 
developed in males. The perineal muscles are innervated by 
muscular branehes of the pudendal nerve. 
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Female IJrogenital Triangle 

The female urogenital triangle includes the female exter- 
nal genitalia, perineal mnseles, and anal eanal. 

FEMALE EXTERNAL GENITALIA 

The female external genitalia (Fig. 3.67) inelnde the mons 
pnbis, labia majora (enelosing the pndendal eleft), labia minora 
(enelosing the vestibnle of vagina), elitoris, bnlbs of vestibnle, 
and greater and lesser vestibnlar glands. The synonymons 


terms vnlva and pndendnm inelnde all these parts; the term 
pudendum is eommonly nsed elinieally. The vnlva serves: 

• As sensory and ereetile tissne for sexual aronsal and inter- 
eonrse. 

• To direet the flow of nrine. 

• To prevent entry of foreign material into the nrogenital traet. 

Mons Pubís. The mons pnbis is the ronnded, fatty 
eminenee anterior to the pnbie symphysis, pnbie tnber- 
eles, and snperior pnbie rami. The eminenee is formed 
by a mass of fatty snbentaneons tissne. The amonnt of 



(A) Anterior view (standing) 


Inferior abdominal wall 


Mons pubis 


Anterior commissure 
of labia majora 


Prepuce of elitoris 


Labium ma]us 


Genitofemoral sulcus 


Labium minus 


Pudendal eleft 


Frenulum of labia minora 


Posterior commissure 
of labia majora 


Anus 


Intergluteal eleft 




Mons pubis 


Anterior labial commissure 


Prepuce of elitoris 


Glans elitoris 


Frenulum of elitoris 


Labium ma]us 


External urethral orifiee 


Labium minus 


Vestibule of vagina 
Hymenal caruncle 


Vaginal orifiee 


Frenulum of labia minora 


Posterior labial commissure 


Site of perineal body 


Anus 


Intergluteal eleft 
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FIGIJRE 3.67. Female extemal genìtalìa. A-C. Surface anatomy ofvulva (pudendum) ofvagina demonstrated in three positions. D. lllustration ofvulva, 
similar to (C). Moisture typieally keeps the labia minora passively apposed, keeping the vestibule ofvagina elosed (B) unless spread apart as in (C). 
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fat inereases at pnberty and deereases after menopanse. 
The snrfaee of the mons is eontinnons with the anterior 
abdominal wall. After pnberty, the mons pnbis is eovered 
with eoarse pnbie hairs. 

Labía Majora. The labia majora are prominent folds 
of skin that indireetly proteet the elitoris and nrethral and 
vaginal orifìees (Fig. 3.67). Eaeh labinm majns is largely fìlled 
with a fìnger-like “digital proeess” of loose snbentaneons tis- 
sne eontaining smooth mnsele, and the termination of the 
ronnd ligament of the nterns (Fig. 3.68). The labinm majns 
passes inferoposteriorly from the mons pnbis toward the 

anns (Fig. 3.67D). 

The labia majora lie on the sides of a eentral depression 
(a narrow slit when the thighs are addneted—Fig. 3.67A), 


the pudendal eleft, within which are the labia minora and 
vestibnle (Fig. 3.67C & D). The external aspeets of the labia 
majora in the adnlt are eovered with pigmented skin eontain- 
ing many sebaeeons glands, and are eovered with erisp pnbie 
hairs. The internal aspeets of the labia are smooth, pink, and 
hairless. 

The labia majora are thieker anteriorly where theyjoin to 
form the anterior eommissnre. Posteriorly, in nnlliparons 
women (those never having borne ehildren), they merge to 
form a ridge, the posterior eommissnre, which overlies the 
perineal body and is the posterior limit of the vnlva. This 
eommissnre nsnally disappears after the fìrst vaginal birth. 

Labía Mínora. The labia minora are ronnded folds 
of fat-free, hairless skin. They are enelosed in the pndendal 
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FIGIJRE 3.68. Female perìneum. Skin, subcutaneous tissue (including perineal faseia and isehio-anal fat bodies), and the investing faseia ofthe muscles 
have been removed. On the right side, the bulbospongiosus muscle has been reseeted to reveal the bulb ofthe vestibule. Deeper disseetion ofthe superfìcial 
pouch (right side) reveals the bulbs ofthe vestibule and the greater vestibular glands. 
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eleft and immediately snrronnd and elose over the vestihnle 
of vagina into whieh both the external nrethral and vaginal 
orifiees open. They have a eore of spongy eonneetive tis- 
sne eontaining ereetile tissne at their base and many small 
blood vessels. Anteriorly, the labia minora form two lami- 
nae. The medial laminae of eaeh side nnite as the frenulum 
of the elitoris. The lateral laminae nnite anterior to (or 
often anterior and inferior to, thns overlapping and obsenr- 
ing) the glans elitoris, forming the prepuce (foreskin) of 
the elitoris. In yonng women, espeeially virgins, the labia 
minora are eonneeted posteriorly by a small transverse fold, 
the frenulum of the lahia minora (fonrehette). Althongh 
the internal snrfaee of eaeh labinm minns eonsists of thin 
moist skin, it has the pink eolor typieal of mneons mem- 
brane and eontains many sebaeeons glands and sensory 
nerve endings. (See the blne box “Female Girenmeision,” 

p. 432.) 

eiítorís. The elitoris is an ereetile organ loeated where 
the labia minora meet anteriorly (Figs. 3.67 and 3.68). The 
elitoris eonsists of a root and a small, eylindrieal hody, which 
are eomposed of two ernra, two eorpora eavernosa, and the 
glans elitoris (Fig. 3.69). The ernra attaeh to the inferior 
pnbie rami and perineal membrane, deep to the labia. The 
body of the elitoris is eovered by the prepnee (Figs. 3.67 and 
3.68). Together, the body and glans elitoris are approximately 
2 em in length and < 1 em in diameter. 

In eontrast to the penis, the elitoris is not fnnetionally 
related to the nrethra or to nrination. It fnnetions solely as 
an organ of sexual aronsal. The elitoris is highly sensitive and 
enlarges on taetile stimnlation. The glans elitoris is the most 
highly innervated part of the elitoris and is densely snpplied 
with sensory endings. 

Vestíbule of Vagína. The vestibule of the vagina 

is the spaee snrronnded by the labia minora into which 
the orifiees of the nrethra and vagina and the dnets of the 
greater and lesser vestibnlar glands open (Figs. 3.67C & D 
and 3.68). The external nrethral orifiee is loeated 2-3 em 
postero-inferior to the glans elitoris and anterior to the vagi- 
nal orifiee. On eaeh side of the external nrethral orifiee are the 
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FIGURE3.69. eiitoris.The surrounding softtissues have been removed 
to reveal the parts of the elitoris. 


openings of the dnets of the para-urethral glands. Open- 
ings of the dnets of the greater vestihnlar glands are loeated 
on the npper, medial aspeets of the labia minora, in 5 and 
7 o’eloek positions relative to the vaginal orifiee in the lithot- 
omy position. 

The size and appearanee of the vaginal orifiee vary 
with the eondition of the hymen, a thin annlar fold of 
mnens membrane, which partially or wholly oeelndes 
the vaginal orifiee. After its rnptnre, only remnants of 
the hymen, hymenal earnneles (tags), are visible (Fig. 
3.67C & D). These remnants demareate the vagina from 
the vestibnle. The hymen has no established physiologi- 
eal fnnetion. It is eonsidered primarily a developmental 
vestige, bnt its eondition (and that of the frennlnm of the 
labia minora) often provides eritieal evidenee in eases of 
ehild abnse and rape. 

Bulbs of Vestíbule. The bulbs of the vestibule are 

paired masses of elongated ereetile tissne, approximately 
3 em in length (Fig. 3.68). The bnlbs lie along the sides 
of the vaginal orifiee, snperior or deep to (not within) the 
labia minora, immediately inferior to the perineal mem- 
brane (see Fig. 3.52D & E). They are eovered inferiorly and 
laterally by the bnlbospongiosns mnseles extending along 
their length. The bnlbs are homologons with the bnlb of 
the penis. 

Vestíbular Glands. The greater vestibular glands 

(Bartholin glands), approximately 0.5 em in diameter, are 
loeated in the snperfieial perineal poneh. They lie on eaeh 
side of the vestibnle of the vagina, posterolateral to the 
vaginal orifiee and inferior to the perineal membrane; thns 
they are in the snperfieial perineal poneh (Fig. 3.52D). The 
greater vestibnlar glands are ronnd or oval and are partly 
overlapped posteriorly by the hnlhs of the vestihnle. Like the 
bnlbs, they are partially snrronnded by the bnlbospongiosns 
mnseles. The slender dnets of these glands pass deep to the 
bnlbs of the vestibnle and open into the vestibnle on eaeh 
side of the vaginal orifiee. These glands seerete mnens into 
the vestibnle dnring sexual aronsal. (See the blne box 'Tnfee- 
tion of Greater Vestibnlar Glands,” p. 433.) 

The lesser vestibular glands are small glands on eaeh 
side of the vestibnle of the vagina that open into it between 
the nrethral and vaginal orifiees. These glands seerete mnens 
into the vestibnle, which moistens the labia and vestibnle. 

Arteríal Supply and Venous Draínage of Vulva. The 
abnndant arterial snpply to the vnlva is from the external and 
internal pndendal arteries (Fig. 3.68-; see also Fig. 3.58B; 
Table 3.8). The internal pndendal artery snpplies most of 
the skin, external genitalia, and perineal mnseles. The labial 
arteries are branehes of the internal pndendal artery, as are 
those of the elitoris. 

The labial veins are tribntaries of the internal pnden- 
dal veins and aeeompanying veins of the internal pndendal 
artery. Venons engorgement dnring the excitement phase of 
the sexual response eanses an inerease in the size and eon- 
sisteney of the elitoris and the bnlbs of the vestibnle of the 
vagina. 
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FIGIJRE 3.70. Nerves of female perineum. A. In this view, the skin, subcutaneous tissue, and isehio-anal fat bodies have been removed. Most of the area 
and most features of the perineum are innervated by branehes of the pudendal nerve (S2-S4). B. Cutaneous zones of innervation. 


Innervatíon of Vulva. The anterior aspeet of the vnlva 
(mons pnbis, anterior labia) is snpplied by derivatives of the 
Inmbar plexus: the anterior labial nerves, derived from the 
ilio-ingainal nerve, and the genital hraneh of the genitofemo- 
ral nerve. 

The posterior aspeet of the vnlva is snpplied by deriva- 
tives of the saeral plexus: the perineal hraneh of the posterior 
entaneons nerve of the thigh laterally, and the pndendal nerve 
eentrally (Figs. 3.68 and 3.70). The latter is the primary nerve 
of the perinenm. Its posterior labial nerves (terminal 
snperfeial hranehes of the perineal nerve) snpply the labia. 
Deep and mnsenlar hranehes of the perineal nerve snpply the 
orifìee of the vagina and snperfìeial perineal mnseles. The 
dorsal nerve of the elitoris snpplies deep perineal mnseles 
and sensation to the elitoris. (See the blne box “Pndendal and 
Ilio-ingninal Nerve Bloeks,” p. 433.) 

The bnlb of the vestibnle and ereetile bodies of the elitoris 
reeeive parasympathetie fìbers via eavemons nerves from the 
nterovaginal nerve plexus. Parasympathetie stimnlation pro- 
dnees inereased vaginal seeretion, ereetion of the elitoris, and 
engorgement of ereetile tissne in the bnlbs of the vestibnle. 

LYMPHATie DRAINAGE OF FEMALE PERINEUM 

The vnlva eontains a rieh network of lymphatie vessels. 
Lymph from the skin of the perinenm, inelnding the ano- 
derm inferior to the peetinate line of the anoreetnm and the 
inferiormost vagina, vaginal orifìee, and vestibnle, drains ini- 
tially to the snperfieial ingninal lymph nodes. Lymph from 
the elitoris, vestibnlar bnlb, and anterior labia minora drains 
to the deep ingninal lymph nodes, or direetly to the internal 
iliae lymph nodes, and that from the nrethra drains to the 
internal iliae orsaeral lymph nodes (Fig. 3.71; Table 3.7). 


PERINEAL MUSCLES OF FEMALE 

The snperfieial perineal mnseles inelnde the snperfieial 
transverse perineal, iscbiocavernosus, and hnlhospongio- 
sus mnseles (Fig. 3.66A & B). Details of their attaehments, 
innervation, and aetion are provided in Table 3.9. (See the 
blne boxes “Exereises for inereased Development of Female 
Perineal Mnseles” and “Vaginismns,” pp. 433 and 434.) 
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FIGIJRE 3.71. Lymphatìe draìnage of vulva. The arrows indieate the 
direetion oflymph fìowto the lymph nodes. 
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TABLE3.10. NERVES OF PERINEUM 


Nerve 

Origin 

Course 

Distributìon 

Anterior labial nerves 
( 9 ); anterior serotal 
nerves (< 3 ) 

Terminal partof ilio- 
inguinal nerve (Ll) 

Arise as ilio-inguinal exits superficial 
inguinal ring; pass anteriorly and inferiorly 

In females, sensory to mons pubis and 
anterior partof labium majus; in males, 
sensory to pubic region, skin of proximal 
penis, and anterior aspeet of scrotum, 
and adjaeentthigh 

Genital braneh of 
genitofemoral nerve 

Genitofemoral nerve 
(L1 and L2) 

Emerges through or near superficial ingui- 
nal ring 

In females, sensory to anterior labia 
majora; in males, motorto eremaster 
muscle, sensory to anterior aspeet of 
scrotum and adjaeentthigh 

Perineal braneh of 
posterior cutaneous 
nerve of thigh 

Posterior cutaneous 
nerve of thigh (S1-S3) 

Arises deep to inferior border of gluteus 
maximus; passes medially oversacrotu- 
berous ligamentto parallel ischiopubic 
ramus 

Sensory to lateral perineum (labia majora 
in 9 , scrotum in 6), genitofemoral sul- 
cus, and superiormost medial thigh; may 
overlap lateral parts of perineum sup- 
plied by pudendal nerve 

Inferior clunial nerves 

Posterior cutaneous 
nerve of thigh (S1-S3) 

Arise deep to and emerge from inferior 
border of gluteus maximus, aseending in 
subcutaneous tissue 

Skin of inferior and inferolateral gluteal 
region (buttocks)—gluteal fold and area 
superiorto it 

Pudendal nerve 

(S2-S4) 

Saeral plexus (anterior 
rami of S2-S4) 

Exits pelvis via infrapiriform partof greater 
seiatie foramen; passes posteriorto 
sacrospinous ligament; enters perineum 
via lesser seiatie foramen, immediately 
dividing into branehes as itenters puden- 
dal eanal 

Motor to muscles of perineum and sen- 
sory to majority of perineal region via its 
branehes, the inferior reetal and perineal 
nerves, and the dorsal nerve of elitoris 
or penis 

Inferior anal (reetal) 
nerve 

Pudendal nerve (S3-4) 

Passes medially from area of isehial spine 
(entranee to podendal eanal), 
traversing isehio-anal fat body 

External anal sphineter; partieipates in 
innervation of inferior and medial-most 
partof levatorani (puborectalis); sensory 
to anal eanal inferiorto peetinate line and 
circumanal skin 

Perineal nerve 

Pudendal nerve 

Arises nearentranee to pudendal eanal, 
paralleling parent nerve to end of eanal, 
then passes medially 

Divides into superficial and deep 
branehes, the posterior labial or serotal 
nerve and the deep perineal nerve 

Posterior labial nerves 
( 9 ), posterior serotal 
nerves {6) 

Superficial terminal 
braneh of perineal 
nerve 

Arise in anterior (terminal) end of 
pudendal eanal, passing medially and 
superficially 

In females, labia minora and all but 
anterior labia majora; in males, posterior 
aspeet of scrotum 

Deep perineal nerve 

Deep terminal braneh of 
perineal nerve 

Arise in anterior (terminal) end of puden- 
dal eanal, passing medially then deeply in 
superficial perineal pouch 

Motorto muscles of superficial perineal 
pouch (ischiocavernosus, bulbospongio- 
sus, and superficial perineal muscles); in 
females, sensory to vestibule of vagina 
and inferior partof vagina 


FEMALE UROGENITAL TRIANGLE 
Female Cìrcumcìsion 

Although illegal and now being aetively discouraged 
in most eonntrìes, female eirenmeision is widely prae- 
tieed in some cultures. The operation performed dnr- 
ing ehildhood removes the prepnee of the elitoris and eommonly 
also removes part or all of the elitoris and labia minora. This 


disfignring proeednre is erroneonsly thonght to inhibit sexual 
aronsal and gratifieation. 

Vulvar Trauma 

The highly vasenlar bnlbs of the vestibnle are sns- 
eeptible to disrnption of vessels as the resnlt of 
tranma (e.g., athletie injnries sneh as jnmping hnr- 
dles, sexual assanlt, and obstetrieal injnry). These injnries 
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often resnlt in vnlvar hematomas (loealized eolleetion of 
blood) in the labia majora, for example. 



infeetìon of Greater Vestìbnlar Glands 

The greater vestibnlar glands are nsnally not 
palpable, bnt are so when infeeted. Oeelnsion of 
the vestibnlar gland dnet ean predispose the 
individnal to infeetion of the greater vestihnlar gland. The 
gland is the site or origin of most vnlvar adenoeareino- 
mas (eaneers). Bartholinitis, inflammation of the greater 
vestibnlar (Bartholin) glands, may resnlt from a nnmber 
of pathogenie organisms. infeeted glands may enlarge to 
a diameter of 4-5 em and impinge on the wall of the ree- 
tnm. Oeelnsion of the vestibnlar gland dnet without 
infeetion ean resnlt in the aeenmnlation of mnein 
{Bartholin gland eyst) (Fig. B3.34). 



Pudendal and Ilio-inguinal 
Nerve Bloeks 

To relieve perineal pain dnring ehildbirth, pnden- 
dal nerve hloek anesthesia may be performed by 
injeeting a loeal anesthetie agent into the tissnes 
snrronnding the pndendal nerve (Fig. B3.35). The injeetion 
is made where the pndendal nerve erosses the lateral aspeet 
of the saerospinons ligament, near its attaehment to the 
isehial spine. The needle may be passed throngh the overly- 
ing skin (as illnstrated) or, more eommonly perhaps, throngh 
the vagina parallel to the palpating finger. Beeanse the 
fetns s head is nsnally stationed within the lesser pelvis at 
this stage, it is important that the physieian s finger is always 
positioned between the needle tip and the baby s head dnr- 
ing the proeednre. 



Bartholin gland eyst 


FIGURE B3.34. 
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FIGURE B3.35 


To abolish sensation from the anterior part of the 
perinenm, an ilio-inguinal nerve hloek is performed. When 
patients eontinne to eomplain of pain sensation after proper 
administration of a pndendal or pndendal and ilio-ingninal 
nerve bloeks, it is nsnally the resnlt of overlapping inner- 
vation by the perineal braneh at the posterior entaneons 
nerve of the thigh. Other types of anesthesia for ehildbirth 
are explained and eompared in the blne box “Anesthesia for 

ehildbirth,” p. 397. 


Exercises for inereased Development 
of Female Perìneal Mnseles 



The snperfieial transverse perineal mnsele, bnlbo- 
spongiosns, and external anal sphineter, throngh 
their eommon attaehment to the perineal body, 
form erossing beams over the pelvie ontlet to snpport the 
perineal body, as in males. In the absenee of the fnnetional 
demands related to nrination, penile ereetion, and ejaenla- 
tion in males, the mnseles are eommonly relatively nnderde- 
veloped in women. However, when developed, they 
eontribnte to the snpport of the pelvie viseera, and help pre- 
vent nrinary stress ineontinenee and postpartnm prolapse of 
pelvie viseera. Therefore, many gyneeologists as well as pre- 
partnm elasses for partieipatory ehildbirth reeommend that 
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women praetiee Kegel exereises (named for J. H. Kegel, a 
20th-century U.S. gyneeologist) using the perineal mnseles, 
such as successive interruption of the urine flow during uri- 
nation. Prepartnm ehildbirth elasses emphasize that in learn- 
ing to volnntarily eontraet and relax the perineal mnseles, 
women beeome prepared to resist the tendeney to eontraet 
the musculature during nterine eontraetions, allowing a less 
obstrneted passage for the fetus and deereasing the likeli- 
hood of tearing the perineal mnseles. 


Vaginismus 

The initial distension of the bulbospongiosus and transverse 
perineal mnseles are thonght to trigger the involnntary spasms 
of the perivaginal and levator ani mnseles of vaginismns, an 
emotional (psyehosomatie) gyneeologieal disorder. Vaginismns 
is eneonntered elinieally when pelvie examination is attempted. 
In mild forms, it causes dysparennia (painfiil intereonrse); in 
severe forms, it prevents vaginal entry. 


The Bottom Lìne 


FEMALE EXTERNAL GENITALIA 

The female external genitalia eonsist of eoneentrie folds (labia) 
surrounding an organ for sexual stimulation (elitoris) and 
the separate orifiees of the urinary and reproductive systems. 

♦ The fat-filled mons pubis and labia majora surround the 
pudendal eleft, eovering and proteeting its eontents (e.g., 
bearing the body’s weight when sitting on a bieyele). ♦ The 
fat-free labia minora attaeh to and eoverthe glans elitoris 
while surrounding the vestibule of the vagina, into which the 
external urethral and vaginal orifiees and vestibular glands 
open. ♦ The ereetile elitoris, eonsisting of a highly sensitive 
glans, short body, and crura that attaeh to the pubic rami and 
perineal membrane, functions solely as a taetile sensory organ. 

♦ A hymen or its remnants, hymenal caruncles, demareate the 
vagina from the vestibule and vaginal orifiee. ♦ Immediately 
superior to the bases of the labia minora on eaeh side of the 
vaginal orifiee, the bulbs of the vestibule are paired masses of 
ereetile tissue, homologous with the bulb of the penis. ♦ The 
internal pudendal vessels serve most of the vulva, with the 
external pudendal vessels serving a smaller anterior area. ♦ 
Except for the glans elitoris and assoeiated structures (which 


drain to deep inguinal and external iliae nodes), lymph from 
the perineum drains to the superficial inguinal nodes. 

Innervation ofthe perineum is primarily from the pudendal 
nerve, with additional cutaneous innervation anteriorly from 
anterior labial nerves (ilio-inguinal and genitofemoral nerves), 
and laterally from the posterior cutaneous nerve of the thigh. 

♦ Parasympathetie fibers, passing independently from the pel- 
vis to the perineum as cavernous nerves, innervate the ereetile 
tissues. 

Female períneal muscles: Although homologous to the 
muscles of the male, the perineal muscles of the female are 
generally less well developed. ♦ In addition to the sphineterie 
fiinetions of the external anal and urethral sphineters for main- 
taining feeal and urinary eontinenee, the female perineal mus- 
eles are also eapable of supporting the perineal body (which 
in turn supports the pelvie diaphragm). ♦ Learning to eontrol 
perineal muscles through routine (Kegel) exercises may reduce 
the risk of obstetrieal laeeration ofperineal muscles, and sub- 
sequent prolapse of pelvie viseera. ♦ The perineal muscles are 
innervated by muscular branehes of the pudendal nerve. 


SEGTIONALIMAGING OF PELVIS 
AND PERINEUM 

Magnetìe Resonanee Imaging 

MRI provides excellent evalnation of pelvie strnetnres in any 
plane (Fig. 3.72) and permits ontstanding delineation of the 


nterns and ovaries (Fig. 3.73). It also permits the identifl- 
eation of tnmors (e.g., a myoma, or benign neoplasm) and 
eongenital anomalies (e.g., bieornnate nterns—Fig. B3.16, 
p. 392). 


thePoÌntjj^t 


Board-revìew questìons, CcLse studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 
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(A) Anatomieal medìan seetion 



(B) Median MRI 
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(C) Disseetion, posterior view 


(D) Goronal MRI 

FIGIJRE 3.72. MRI seans of male pelvìs and perìneum. 


















































436 


ehapter 3 Pelvis and Perineum 



(E) Anatomieal transverse seetion of male 
pelvis and perineum. Inferior view. 



(F) Transverse (axial) MRI 
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(G) Goronal MRI 


(H) Goronal MRI 


(I) Goronal seetion 


FIGIJRE 3.72. (Continued) 
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(A) Median anatomieal seetion 



(B) Median MRI 


◄— Plane of eoronal seetion (below) 
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(C) Disseetion, anterior view 



(D) Goronal MRI 



Plane of median seetion 

(above) 


FIGIJRE 3.73. MRI studies of female pelvis. (B and D courtesy of Dr. Shirley McCarthy, Department ofDiagnostie Radiology, Yale Llniversity and 
Yale-Nevv Haven Hospital, Nevv Haven, CT.) 
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(E) Anatomieal transverse seetion 

AC Anal eanal 
Ad Adductor nnuscles 
ee Crus of elitoris 
FA Femoral artery 
FV Femoral vein 
GC Gluteal eleft 
lAF Isehio-anal fossa 
IPR Ischiopubic ramus 


(F) Transverse MRI sean 
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(G) Anatomieal transverse seetion 


(H) Transverse MRI sean 


FIGIJRE 3.73. (Continued) 
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OVERVIEW OF BACK 
AND VERTEBRAL COLUMN 

The baek eomprises the posterior aspeet of the trunk, infe- 
rior to the neek and snperior to the bnttoeks. It is the region 
of the body to which the head, neek, and limbs are attaehed. 
The baek inelndes the: 

• Skin and snbentaneons tissne. 

• Mnseles: a snperfieial layer, primarily eoneerned with 
positioning and moving the npper limbs, and deeper layers 
(“trne baek muscles”), speeifieally eoneerned with moving 
or maintaining the position of the axial skeleton (postnre). 

• Vertebral eolnmn: the vertebrae, intervertebral (IV) dises, 
and assoeiated ligaments (Fig. 4.1). 

• Ribs (in the thoraeie region): partienlarly their posterior 
portions, medial to the angles of the ribs. 

• Spinal eord and meninges (membranes that eover the spi- 
nal eord). 

• Varions segmental nerves and vessels. 

Beeanse of their elose assoeiation with the trunk, the baek 
of the neek and the posterior and deep eervieal mnseles and 
vertebrae are also deseribed in this ehapter. The seapnlae, 
althongh loeated in the baek, are part of the appendienlar 
skeleton and are eonsidered with the upper limb (Ghapter 6). 

Study of the soft tissues of the baek is best preeeded by exam- 
ination of the vertehrae and the fibroeartilaginons intervertehral 
dises that are interposed between the bodies of adjaeent verte- 
brae. The vertebrae and IV dises eolleetively make up the ver- 
tebral column (spine), the skeleton of the neek and baek that is 
the main part of the axial skeleton (i.e., artienlated bones of the 
eraninm, vertebral eolnmn, ribs, and stemnm) (Fig. 4.1D). The 
vertebral eolnmn extends from the eraninm (skull) to the apex 
of the coccyx. In adnlts, it is 72-75 em long, of which approxi- 
mately one quarter is formed by the IV dises that separate and 
bind the vertebrae together. The vertebral eolnmn: 

• Proteets the spinal eord and spinal nerves. 

• Snpports the weight of the body snperior to the level of 
the pelvis. 


• Provides a partly rigid and fiexible axis for the body and an 
extended base on which the head is plaeed and pivots. 

• Plays an important role in postnre and loeomotion (the 
movement from one plaee to another). 

VERTEBRAE 

The vertebral eolnmn in an adult typieally eonsists of 33 
vertebrae arranged in five regions: 7 eervieal, 12 thoraeie, 
5 Inmbar, 5 saeral, and 4 eoeeygeal (Fig. 4.1A-D). Signifieant 
motion oeenrs only between the 25 snperior vertebrae. Of the 
9 inferior vertebrae, the 5 saeral vertebrae are fiised in adnlts to 
form the saeram, and after approximately age 30, the 4 eoeey- 
geal vertebrae fiise to form the eoeeyx. The lumbosacral angle 
oeenrs at the jnnetion of the long axes of the Inmbar region of 
the vertebral eolnmn and the saemm (Fig. 4. ID). The vertebrae 
gradnally beeome larger as the vertebral eolnmn deseends to 
the saemm and then beeome progressively smaller toward the 
apex of the coccyx (Fig. 4.1A-D). The ehange in size is related 
to the faet that sneeessive vertebrae bear inereasing amonnts 
of the bodys weight as the eolnmn deseends. The vertebrae 
reaeh maximum size immediately superior to the saemm, which 
transfers the weight to the pelvie girdle at the saero-iliae joints. 

The vertebral eolnmn is fiexible beeanse it eonsists of 
many relatively small bones, ealled vertebrae (singnlar = 
vertebra), that are separatedby resilient IV dises (Fig. 4.1D). 
The 25 eervieal, thoraeie, Inmbar, and first saeral vertebrae 
also artienlate at synovial zygapophysial (faeet) joints (Fig. 
4.2D), which faeilitate and eontrol the vertebral eolnmn’s 
fiexibility. Althongh the movement between two adjaeent 
vertebrae is small, in aggregate the vertebrae and IV dises 
nniting them form a remarkably fiexible yet rigid eolnmn that 
proteets the spinal eord it surrounds. 

Structure and Functìon of Vertebrae 

Vertebrae vary in size and other eharaeteristies from one 
region of the vertebral eolnmn to another, and to a lesser 
degree within eaeh region; however, their basie stmetnre is 
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FIGIJRE 4.1. Vertebral column and its five regions. The isolated vertebrae betvveen (A) and (B) are typieal of eaeh ofthe three mobile regions ofthe verte- 
bral column. The continuous, weight-bearing column of vertebral bodies and IV dises inereases in size as the column deseends. Zygapophysial (faeet) 
joints representative of eaeh region are eireled. The posterior view (C) includes the vertebral ends of ribs, representing the skeleton of the baek. The 
biseeted vertebral column in (D) demonstrates the vertebral eanal. The intervertebral (IV) foramina (also seen in B) are openings in the lateral wall of 
the vertebral eanal through which spinal nerves exit. 


the same. A typieal vertebra (Fig. 4.2) eonsists of a verte- 
bral body, a vertebral areh, and seven proeesses.^ 

The vertebral body is the more massive, ronghly eylindri- 
eal, anterior part of the bone that gives strength to the vertebral 
eolnmn and snpports body weight. The size of the vertebral 
bodies inereases as the eolnmn deseends, most markedly from 
T4 inferiorly, as eaeh bears progressively greater body weight. 

The vertebral body eonsists of vasenlar, trabeenlar 
(spongy, eaneellons) bone enelosed by a thin external layer 

^ln eontemporary nsage, the terms vertehral hody and eentram and the terms 
vertehral areh and nenral areh are often erroneonsly nsed as synonyms. Teeh- 
nieally, however, in eaeh ease the former is a gross anatomy term applied to 
parts of the adnlt vertebrae, and the latter is an embryology term referring to 
parts of a developing vertebra ossifying from primary eenters. The vertebral 
body inelndes the eentrnm and part of the nenral areh; the vertebral areh is 
thns less extensive than the nenral areh, and the eentrnm is less extensive 
than the vertebral body (O’Rahilly, 1986; Standring, 2008). 


of eompaet bone (Fig. 4.3). The traheenlar hone is a mesh- 
work of mostly tall vertieal trabeenlae interseeting with short, 
horizontal trabeenlae. The spaees between the trabeenlae 
are oeenpied by red bone marrow that is among the most 
aetively hematopoietie (blood-forming) tissnes of the matnre 
individnal. One or more large foramina in the posterior snr- 
faee of the vertebral body aeeommodate basivertebral veins 
that drain the marrow (see Fig. 4.26). 

In life, most of the snperior and inferior snrfaees of the 
vertebral body are eovered with dises of hyaline eartilage 
(vertebral “end plates”), which are remnants of the earti- 
laginons model from which the bone develops. In dried 
laboratory and mnsenm skeletal speeimens, this eartilage 
is absent, and the exposed bone appears spongy, except at 
the periphery where an epiphysial rim or ring of smooth 
bone, derived from an annlar epiphysis, is fnsed to the body 

(Fig. 4.2B). 
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FIGITRE 4.2. Typieal vertebra, represented by the 2nd lumbar vertebra. A. Functional eomponents include the vertebral body {bone eolor), a vertebral 
areh (red), and seven proeesses: three for muscle attaehment and leverage (blne) and four that partieipate in synovial joints with adjaeent vertebrae {yellow). 

B and C. Bony formations ofvertebrae are demonstrated. The vertebral foramen is bounded by the vertebral areh and body. A small superior vertebral noteh 
and a larger inferior vertebral noteh fìank the pediele. D. The superior and inferior notehes of adjaeent vertebrae plus the IV dise that unites them form the 
IV foramen for passage of a spinal nerve and its aeeompanying vessels. Eaeh articular proeess has an articular faeet where eontaet occurs with the articular 
faeets of adjaeent vertebrae (B-D). 


In addition to serving as growth zones, the annlar epiphy- 
ses and their eartilaginons remnants provide some proteetion 
to the vertebral bodies and permit some diffnsion of flnid 
betvveen the IV dise and the blood vessels (eapillaries) in 
the vertebral body (see Fig. 4.26). The snperior and infe- 
rior epiphyses nsnally nnite with the eentmm, the primary 
ossifleation eenter for the eentral mass of the vertebral body 
(Fig. 4.2B), early in adnlt life (at approximately age 25) (see 
“Ossifleation of Vertebrae,” p. 453). 

The vertebral areh is posterior to the vertebral body 
and eonsists of two (right and left) pedieles and laminae 
(Fig. 4.2A & e). The pedieles are short, stont eylindrieal pro- 
eesses that projeet posteriorly from the vertebral body to meet 
two broad, flat plates of bone, ealled laminae, whieh nnite in 
the midline. The vertebral areh and the posterior snrfaee of 
the vertebral body form the walls of the vertebral foramen 
(Fig. 4.2A & B). The sneeession of vertebral foramina in the 
artienlated vertebral eolnmn forms the vertebral eanal (spi- 
nal eanal). The eanal eontains the spinal eord and the roots 
of the spinal nerves, along with the membranes (meninges), 
fat, and vessels that snrronnd and serve them (Figs. 4.1D and 
4.3). (See the blne box “Lamineetomy,” p. 457.) 


The vertebral notehes are indentations observed in 
lateral views of the vertebrae snperior and inferior to eaeh 
pediele between the snperior and inferior artienlar proeesses 
posteriorly and the eorresponding projeetions of the body 
anteriorly (Fig. 4.2C). The snperior and inferior vertebral 
notehes of adjaeent vertebrae and the IV dises eonneeting 
them form intervertebral foramina (Fig. 4.2D) throngh 
which the spinal nerves emerge from the vertebral eolnmn 
(see Fig. 4.27). Also, the spinal (posterior root) ganglia are 
loeated in these foramina. 

Seven proeesses arisefrom the vertehral areh of a typieal 
vertehra (Fig. 4.2A-C): 

• One median spinons proeess projeets posteriorly (and 
nsnally inferiorly, typieally overlapping the vertebra below) 
from the vertebral areh at the jnnetion of the laminae. 

• Two transverse proeesses projeet posterolaterally from 
the jnnetions of the pedieles and laminae. 

• Fonr artienlar proeesses (G. zygapophyses) —two 
snperior and two inferior —also arise from the jnnetions 
of the pedieles and laminae, eaeh bearing an artienlar 
snrfaee (faeet). 
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FIGIJRE 4.3. Internal aspeets of vertebral bodies and vertebral eanal. The bodies eonsist largely of trabecular (spongy) bone—vvith tall, vertieal 
supporting trabeculae linked by short horizontal trabeculae—eovered by a relatively thin layer of eompaet bone. Hyaline eartilage “end plates” eover the 
superiorand inferior surfaces ofthe bodies, surrounded bysmooth bony epiphysial rims. The posterior longitudinal ligament, eoveringthe posterior aspeet 
ofthe bodies and linkingthe IV dises, formsthe anterior v\/all of the vertebral eanal. Lateral and posterior v\/alls of the vertebral eanal are formed by vertebral 
arehes (pedieles and laminae) alternating vvith IV foramina and ligamenta fìava. 


The spinous and transverse proeesses provide attaehment 
for deep baek mnseles and serve as levers, faeilitating the 
mnseles that fix or ehange the position of the vertebrae. 

The artienlar proeesses are in apposition with eorrespond- 
ing proeesses of vertebrae adjaeent (snperior and inferior) 
to them, forming zygapophysial {faeet) joints (Figs. 4.1B 
and 4.2D). Throngh their partieipation in these joints, these 
proeesses determine the types of movement permitted and 
restrieted between the adjaeent vertebrae of eaeh region. 

The artienlar proeesses also assist in keeping adjaeent 
vertebrae aligned, partienlarly preventing one vertebra from 
slipping anteriorly on the vertebra below. Generally, the 
artienlar proeesses bear weight only temporarily, as when 
one rises from the fiexed position, and nnilaterally when the 
eervieal vertebrae are laterally fiexed to their limit. How- 
ever, the inferior artienlar proeesses of the L5 vertebra bear 
weight even in the ereet postnre. 

Regional Characterìstics of Vertebrae 

Eaeh of the 33 vertebrae is unique; however, most of the 
vertebrae demonstrate eharaeteristie featnres identifying 
them as belonging to one of the five regions of the vertebral 
eolnmn (e.g., vertebrae having foramina in their transverse 
proeesses are eervieal vertebrae) (Fig. 4.4). In addition, eer- 
tain individnal vertebrae have distingnishing featnres; the 
C7 vertebra, for example, has the longest spinons proeess. It 


forms a prominenee nnder the skin at the baek of the neek, 
espeeially when the neek is fiexed (see Fig. 4.8A). 

In eaeh region, the articular faeets are oriented on 
the artienlar proeesses of the vertebrae in a eharaeteristie 
direetion that determines the type of movement permitted 
between the adjaeent vertebrae and, in aggregate, for the 
region. For example, the artienlar faeets of thoraeie vertebrae 
are nearly vertieal, and together define an are eentered in the 
IV dise; this arrangement permits rotation and lateral fiexion 
of the vertebral eolnmn in this region (Fig. 4.7). Regional 
variations in the size and shape of the vertebral eanal aeeom- 
modate the varying thiekness of the spinal eord (Fig. 4.1D). 

GERVieAL VERTEBRAE 

Gervieal vertebrae form the skeleton of the neek (Fig. 4.1). 
The smallest of the 24 movable vertebrae, the eervieal verte- 
brae are loeated between the eraninm and the thoraeie ver- 
tebrae. Their smaller size refieets the faet that they bear less 
weight than do the larger inferior vertebrae. Althongh the 
eervieal IV dises are thinner than those of inferior regions, 
they are relatively thiek eompared to the size of the vertebral 
bodies they eonneet. The relative thiekness of the IV dises, 
the nearly horizontal orientation of the artienlar faeets, and 
the small amonnt of snrronnding body mass give the eervieal 
region the greatest range and variety of movement of all the 
vertebral regions. 
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vertebra 
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body, kidney-shaped 
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Lumbar vertebra 


Nearly vertieal articular 
faeets direeted primarily 
medially and laterally 


Short, broad 
and blunt 
spinous proeess 


Transverse proeesses 
long and slender, 
direeted laterally 


Left anterior superior oblique views of “typieal” presaeral vertebrae 

FIGITRE 4.4. Gomparison of presaeral vertebrae. As the vertebral column deseends, bodies inerease in size in relationship to inereased weight-bearing. 
The size of the vertebral eanal ehanges in relationship to the diameter of the spinal eord. 


The distinetive featnres of eervieal vertebrae are illns- 
trated in Fignres 4.4A and 4.5 and deseribed in Table 4.1. 
The most distinetive featnre of eaeh eervieal vertebra is the 
oval foramen transversarinm (transverse foramen) in the 
transverse proeess. The vertebral arteries and their aeeom- 
panying veins pass throngh the transverse foramina, except 
those in C7, which transmit only small aeeessory veins. Thns 
the foramina are smaller in C7 than those in other eervieal 
vertebrae, and oeeasionally they are absent. 

The transverse proeesses of eervieal vertehrae end later- 
ally in two projeetions: an anterior tnberele and a posterior 
tnberele. The tnbereles provide attaehment for a laterally 


plaeed gronp of eervieal mnseles (levator seapnlae and sea- 
lenes). The anterior rami of the eervieal spinal nerves eonrse 
initially on the transverse proeesses in grooves for spinal 
nerves between the tnbereles (Fig. 4.5A & B). The ante- 
rior tnbereles of vertebra C6 are ealled earotid tnbereles 
(Fig. 4.5A) beeanse the eommon earotid arteries may be eom- 
pressed here, in the groove between the tnberele and body, 
to eontrol bleeding from these vessels. Bleeding may eontinne 
beeanse of the earotid’s mnltiple anastomoses of distal branehes 
with adjaeent and eontralateral branehes, bnt at a slower rate. 

Vertebrae C3-C7 are typieal eervieal vertebrae (Figs. 4.4A 
and 4.5A; Table 4.1). They have large vertebral foramina to 
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(B) Lateral view, articulated typieal 
eervieal vertebrae C4 and C5 


^ Typieal eervieal vertebrae 
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proeess 
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(faeet) joint 
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(A) Superior views, vertebrae C1-C7 


(C) Lateral radiograph, vertebrae C1-C7 


FIGIJRE 4.5. Cervical vertebrae. A. C1, C2, and C3 vertebrae are atypieal. B. The superior and inferior surfaces ofthe bodies of the eervieal vertebrae are 
reeiproeally convex and eoneave. Combined with the oblique orientation ofthe articular faeets, this faeilitates fìexion and extension as well as lateral fìexion. 
e. The anterior areh of the atlas lies anterior to the continuous curved line formed by the anterior surfaces of the C2-C7 vertebral bodies. (Courtesy of 
Dr. J. Heslin, Toronto, Ontario, Canada.) 


aeeommodate the eervieal enlargement of the spinal eord 
as a consequenee of this region’s role in the innervation of 
the npper limbs. The snperior borders of the transversely 
elongated bodies of the eervieal vertebrae are elevated pos- 
teriorly and espeeially laterally, bnt they are depressed ante- 
riorly, resembling somevvhat a senlpted seat. 

The inferior border of the body of the snperiorly plaeed 
vertebra is reeiproeally shaped. The adjaeent eervieal 


vertebrae artienlate in a way that permits free flexion and 
extension and some lateral flexion bnt restrieted rotation. 
The planar, nearly horizontal artienlar faeets of the artienlar 
proeesses are also favorable for these movements. The ele- 
vated snperolateral margin is the uncus of the body (nnei- 
nate proeess) (Fig. 4.4A). 

The spinons proeesses of the C3-C6 vertebrae are short 
and nsnally bifld in white people, espeeially males, bnt nsnally 














































446 


Chapter4 • Baek 


TABLE 4.1. CERVICAL VERTEBRAE^ 


Part 

eharaeteristies 

Vertebral body 

Small and vviderfrom side to side than anteroposteriorly; superior surface eoneave vvith uncus of body (uncinate 
proeess); inferior surface convex 

Vertebral foramen 

Large and triangular 

Transverse 

proeesses 

Foramina transversarii and anteriorand posterior tubercles; vertebral arteries and aeeompanying venous and 
sympathetie plexuses pass through foramina transversarii of all eervieal vertebrae exceptC7, vvhieh transmits only 
small aeeessory vertebral veins. 

Articular proeesses 

Superior faeets direeted superoposteriorly; inferior faeets direeted infero-anteriorly; obliquely plaeed faeets are most 
nearly horizontal in this region 

Spinous proeesses 

Short(C3-C5) and bifid (C3-C6); proeess of C6 long, thatof C7 is longer (thus C 7 is ealled 'Vertebra prominens") 


^The ei, C2, and C7 vertebrae are atypieal. 


not as eommonly in people of Afriean deseent or in females 
(Dnray et al., 1999). C7 is a prominent vertebra that is ehar- 
aeterized by a long spinons proeess. Beeanse of this promi- 
nent proeess, C7 is ealled the vertebra prominens. Rnn 
yonr finger along the midline of the posterior aspeet of yonr 
neek nntil yon feel the prominent C7 spinons proeess. It is the 
most prominent spinons proeess in 70% of people (Fig. 4.8A). 

The two snperior-most eervieal vertebrae are atypieal. Ver- 
tebra Cl, also ealled the atlas, is unique in that it has neither 
a body nor a spinons proeess (Figs. 4.5A and 4.6B). This ring- 
shaped bone has paired lateral masses that serve the plaee of a 
body by bearing the weight of the globe-like eraninm in a man- 
ner similar to the way that Atlas of Greek mythology bore the 
weight of the world on his shonlders (Fig. 4.6E). The transverse 
proeesses of the atlas arise from the lateral masses, eansing them 
to be more laterally plaeed than those of the inferior vertebrae. 
This featnre makes the atlas the widest of the eervieal vertebrae, 
thns providing inereased leverage for attaehed mnseles. 

The kidney-shaped, eoneave superior artiealar sur- 
faees of the lateral masses artienlate with two large eranial 
protnberanees, the oeeipital eondyles, at the sides of the 
foramen magnnm (Fig. 4.6A). Anterior and posterior 
arehes, eaeh of which bears a tnberele in the eenter of its 
external aspeet, extend between the lateral masses, forming 
a eomplete ring (Fig. 4.6B). The posterior areh, which eorre- 
sponds to the lamina of a typieal vertebra, has a wide groove 
for the vertebral artery on its snperior snrfaee. The C1 
nerve also rnns in this groove. 

Vertebra C2, also ealled the axis, is the strongest of the 
eervieal vertebrae (Figs. 4.5A and 4.6C). Cl, earrying the 
eraninm, rotates on C2 (e.g., when a person tnrns the head 
to indieate “no”). The axis has two large, fiat bearing snrfaees, 
the snperior artienlar faeets, on which the atlas rotates. 
The distingnishing featnre of C2 is the blnnt tooth-like dens 
(odontoid proeess), which projeets snperiorly from its body. 
Both the dens (G. tooth) and the spinal eord inside its eover- 
ings (meninges) are eneireled by the atlas. The dens lies ante- 
rior to the spinal eord and serves as the pivot abont which the 
rotation of the head oeenrs. 


The dens is held in position against the posterior aspeet of the 
anterior areh of the atlas by the transverse ligament of the 
atlas (Fig. 4.6B). This ligament extends from one lateral mass 
of the atlas to the other, passing between the dens and spinal 
eord, forming the posterior wall of the “soeket” that reeeives 
the dens. Thns it prevents posterior (horizontal) displaeement of 
the dens and anterior displaeement of the atlas. Either displaee- 
ment would eompromise the portion of the vertebral foramen of 
C1 that gives passage to the spinal eord. C2 has a large bifid spi- 
nons proeess (Fig. 4.6C & D) that ean be felt deep in the rmehal 
groove, the snperfieial vertieal groove at the baek of the neek. 

THORAGie VERTEBRAE 

The thoraeie vertebrae are in the npper baek and provide 
attaehment for the ribs (Fig. 4.1). Thns the primary eharae- 
teristie featnres of thoraeie vertebrae are the eostal faeets 
for artienlation with ribs. The eostal faeets and other eharae- 
teristie featnres of thoraeie vertebrae are illnstrated in Fig- 
nres 4.4B and 4.7 and listed in Table 4.2. 

The middle fonr thoraeie vertebrae (T5-T8) demonstrate 
all the featnres typieal of thoraeie vertebrae. The artienlar 
proeesses extend vertieally with paired, nearly eoronally ori- 
ented artienlar faeets that define an are eentered in the IV 
dise. This are permits rotation and some lateral fiexion of the 
vertebral eolnmn in this region. In faet, the greatest degree 
of rotation is permitted here (Fig. 4.7A). Attaehment of the 
rib eage, eombined with the vertieal orientation of artienlar 
faeets and overlapping spinons proeesses, limits fiexion and 
extension as well as lateral fiexion. 

The T1-T4 vertebrae share some featnres of eervieal ver- 
tebrae. T1 is atypieal of thoraeie vertebrae in that it has a 
long, almost horizontal spinons proeess that may be nearly as 
prominent as that of the vertebra prominens. T1 also has a 
eomplete eostal faeet on the snperior edge of its body for the 
Ist rib and a demifaeet on its inferior edge that eontribntes 
to the artienlar snrfaee for the 2nd rib. 

The T9-T12 vertebrae have some featnres of Inmbar ver- 
tebrae (e.g., tnbereles similar to the aeeessory proeesses). 
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FIGIJRE 4.6. Granìal base and C1 and C2 vertebrae. A. The oeeipital eondyles articulate with the superior articular faeets of the atlas (vertebra C1). 

B. The atlas, on which the cranium rests, has neither a spinous proeess nor a body. It eonsists of two lateral masses eonneeted by anterior and posterior 
arehes. C and D. The tooth-like dens eharaeterizes the axis (vertebra C2) and provides a pivot around which the atlas turns and earries the cranium. 

It articulates anteriorly with the anterior areh of the atlas (“Faeet for dens of axis/’ in part B), and posteriorly with the transverse ligament of the atlas (see 
part B). E. Radiograph and articulated atlas and axis showing the dens projeeting superiorly from the body of the axis between the lateral masses of the 
atlas. Sinee the atlas and axis lie posterior to the mandible (Fig. 4.5C), anteroposterior radiographs must be taken through the open mouth as indi- 
eated in the orientation figure. 
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FIGIJRE 4.7. Thoraeie vertebrae. Isolated (A) and articulated (B) typieal thoraeie vertebrae. (See also Fig. 4.4B.) In radiographs of the thoraeie vertebrae, 
the articulating ribs obscure lateral features in anteroposterior views (C) and the vertebral areh eomponents in lateral views (D). The uniformity ofthe 
vertebral bodies and radiographie “dise spaees” (caused by the radiolucency ofthe IV dises) are apparent. 


TABLE 4.2. THORACIC VERTEBRAE 


Part 

eharaeteristies 

Vertebral body 

Heartshaped; one ortwo eostal faeets forarticulation with head of rib 

Vertebral foramen 

eircular and smaller than those of eervieal and lumbar vertebrae (admits the distal part of a medium-size index finger) 

Transverse 

proeesses 

Long and strong and extend posterolaterally; length diminishes from T1 to T12 (Tl-TlO have faeets for articulation 
with tubercle of rib) 

Articular proeesses 

Nearly vertieal articular faeets; superior faeets direeted posteriorly and slightly laterally; inferiorfaeets direeted ante- 
riorly and slightly medially; planes of faeets lie on an are eentered in the vertebral body 

Spinous proeesses 

Long; slope postero-inferiorly; tips extend to level of vertebral body below 
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Mammillary proeesses (small tubercles) also occur on verte- 
bra T12. However, most of the transition in eharaeteristies of 
vertebrae from the thoraeie to the Inmbar region oeenrs over 
the length of a single vertebra: vertebra T12. Generally, its 
snperior half is thoraeie in eharaeter, having eostal faeets and 
artienlar proeesses that permit primarily rotatory movement, 
whereas its inferior half is Inmbar in eharaeter, devoid of eos- 
tal faeets and having artienlar proeesses that permit only flex- 
ion and extension. Consequently, vertebra T12 is snbjeet to 
transitional stresses that cause it to be the most eommonly 
fraetnred vertebra. 

SURFACE ANATOMY OF CERVICAL 
AND THORAeie VERTEBRAE 

Several of the spinons proeesses ean usually be observed, 
espeeially when the baek is flexed and the seapnlae are pro- 
traeted (Fig. 4.8A); most of them ean be palpated—even in 
an obese patient—beeanse fat does not normally accumulate 
in the midline. 

The tip of the C7 spinons proeess is the most evident 
snperfleially. Often, when the patient stands ereet, it is the 
only spinons proeess visible (Fig. 4.8B); henee the name 
veriehra prominens. The spinons proeess of C2 ean be felt 
deeply in the midline, inferior to the external oeeipital pro- 
tnheranee, a median projeetion loeated at the jnnetion of the 
head and neek. C1 has no spinons proeess, and its small pos- 
terior tnberele is neither visible nor palpable. 

The short bifld spinons proeesses of the C3-C5 vertebrae 
may be felt in the nuchal groove between the neek mnseles, 
but they are not easy to palpate beeanse the eervieal lordosis, 
which is eoneave posteriorly, plaees them deep to the snrfaee 
from which they are separated by the nnehal ligament. How- 
ever, beeanse it is eonsiderably longer, the bifld spinons pro- 
eess ofC6 vertehra is easily felt snperior to the visible tip of 
the C7 proeess (vertebra prominens) when the neek is flexed. 

When the neek and baek are flexed, the spinons proeesses 
of the npper thoraeie vertehra may also be seen. If the indi- 
vidnal is espeeially lean, a continuous ridge appears linking 
their tips—the snpraspinons ligament (Fig. 4.8C). 

Althongh C7 is most eommonly the most snperior spinal 
proeess that is visible and readily palpable, the spinons pro- 
eess of T1 sometimes is more prominent. The spinons pro- 
eesses of the other thoraeie vertebrae may be obvions in thin 
people, and in others ean be identifled by snperior to inferior 
palpation beginning at the C7 spinons proeess. The tips of 
the thoraeie spinons proeesses do not indieate the level of the 
eorresponding vertebral bodies beeanse they overlap (lie at 
the level of) the vertebra below (Figs. 4.1D and 4.7B & C). 

When the baek is not being flexed or the seapnlae are not 
protraeted, the tips of the thoraeie spinons proeesses lie deep 
to a median longitndinal furrow (Fig. 4.8B & C). The tips of 
the spinons proeesses are normally in line with eaeh other, even 
if the eolleetive line wanders slightly from the midline. A sud- 
den shift in the alignment of adjaeent spinons proeesses may 
be the resnlt of a nnilateral disloeation of a zygapophysial joint; 
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FIGITRE 4.8. Surface anatomy of eervieal and thoraeie vertebrae. 

Except forthe spinous proeess ofthe C7 vertebra (vertebra prominens), the 
visibility of the spinous proeesses depends on the abundance of 
subcutaneous tissue and the position ofthe baek, neek, and upper limbs 
(espeeially protraetion/retraetion of scapulae). Hovvever, the spinous 
and thoraeie transverse proeesses ean usually be palpated in the mid- and 
paravertebral lines. 


however, slight irregular misalignments may also resnlt from a 
fraetnre of the spinons proeess. The short 12th rib, the lateral 
end of which ean be palpated in the posterior axillary line, ean 
be used to eonflrm identity of the T12 spinons proeess. 

The transverse proeesses of C1 may be felt laterally by 
deep palpation between the mastoid proeesses (prominenees 
of the temporal bones posterior to the ears) and the angles 
of the jaws. The earotid tnherele, the anterior tnberele of 
the transverse proeess of C6 vertebra, may be large enongh 
to be palpable; the earotid artery lies anterior to it. In most 
people, the transverse proeesses of thoraeie vertebrae ean be 
palpated on eaeh side of the spinons proeesses in the thoraeie 
region. In lean individnals, the ribs ean be palpated from the 













450 


Chapter4 • Baek 


tubercle to the angle, at least in the lower baek (inferior to 
the seapnla) (see Figs. 1.1 and 1.2A). 

LUMB AR VERTEBRAE 

Lumbar vertebrae are in the lower baek between the tho- 
rax and saernm (Fig. 4.1). Gharaeteristie featnres of Inmbar 


vertebrae are illnstrated in Fignres 4.4C and 4.9 and 
deseribed in Table 4.3. Beeanse the weight they snpport 
inereases toward the inferior end of the vertebral eolnmn, 
Inmbar vertebrae have massive bodies, aeeonnting for mneh 
of the thiekness of the lower trnnk in the median plane. Their 
artienlar proeesses extend vertieally, with artienlar faeets sag- 
ittally oriented initially (beginning abrnptly with the T12-L1 
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FIGURE4.9. Lumbar vertebrae. Isolated (A-C) and articulated (D-F) typieal lumbar vertebrae. In a lateral radiograph (E) the vvedge shape ofthe 
lumbar vertebrae and espeeially the lumbar IV dises is evident. In anteroposterior radiographs (F) the vertebral eanal is visible as a columnar shadow 
(between arrowheads); in lateral radiographs, the vertebral eanal is primarily evident in the radiolucency of the IVforamina. (Courtesy of Dr. J. Heslin, 
Toronto, Ontario, Canada.) 


TABLE 4.3. LUMBAR VERTEBRAE 


1 Part 

eharaeteristies 

Vertebral body 

Massive; kidney shaped when viewed superiorly 

Vertebral foramen 

Triangular; largerthan in thoraeie vertebrae and smallerthan in eervieal vertebrae 

Transverse 

proeesses 

Long and slender; aeeessory proeess on posterior surface of base of eaeh proeess 

Articular proeesses 

Nearly vertieal faeets; superiorfacets direeted posteromedially (or medially); inferiorfaeets direeted anterolaterally (or 
laterally); mammillary proeess on posterior surface ofeaeh superiorarticular proeess 

Spinous proeesses 

S hort and sturdy; thiek, broad, and hatehet shaped 
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joints), bnt beeoming more eoronally oriented as the eolnmn 
deseends. 

The L5-S1 faeets are distinetly eoronal in orientation. 
In the more sagittally oriented snperior joints, the laterally 
faeing faeets of the inferior artienlar proeesses of the verte- 
bra above are “gripped” by the medially faeing faeets of the 
snperior proeesses of the vertebra below, in a manner that 
faeilitates flexion and extension and allows lateral flexion, bnt 
prohibits rotation (Fig. 4.9A, B, D, & E). 

The transverse proeesses projeet somewhat posterosn- 
periorly as well as laterally. On the posterior snrfaee of the 
base of eaeh transverse proeess is a small aeeessory pro- 
eess, whieh provides an attaehment for the intertransversarii 
mnseles. On the posterior snrfaee of the snperior artienlar 
proeesses are small tnbereles, the mammillary proeesses, 
whieh give attaehment to both the mnltifldns and intertrans- 
versarii mnseles of the baek. 

Vertebra L5, distingnished by its massive body and trans- 
verse proeesses, is the largest of all movable vertebrae. It 
earries the weight of the whole npper body. The L5 body is 
markedly taller anteriorly; therefore, it is largely responsible 
for the Inmbosaeral angle between the long axis of the Inm- 
bar region of the vertebral eolnmn and that of the saernm 
(Fig. 4.1D). Body weight is transmitted from L5 vertebra to 
the hase of the saeram, formed by the snperior snrfaee of S1 
vertebra (Fig. 4.10A). 

SACRUM 

The wedged-shaped sacrum (L. saered bone) is nsnally 
eomposed of flve fnsed saeral vertebrae in adnlts (Fig. 4.10). 
It is loeated between the hip bones and forms the roof and 
posterosnperior wall of the posterior half of the pelvie eav- 
ity. The triangnlar shape of the saernm resnlts from the 
rapid deerease in the size of the inferior lateral masses of 
the saeral vertebrae dnring development. The inferior half 
of the saernm is not weight-bearing; therefore, its bnlk is 
diminished eonsiderably. The saernm provides strength and 
stability to the pelvis and transmits the weight of the body to 
the pelvie girdle, the bony ring formed by the hip bones and 
saernm, to whieh the lower limbs are attaehed. 

The saeral eanal is the eontinnation of the vertebral eanal 
in the saernm (Fig. 4.10B & C). It eontains the bnndle of spinal 
nerve roots arising inferior to the L1 vertebra, known as the 
eanda equina (L. horse tail), that deseend past the termina- 
tion of the spinal eord. On the pelvie and posterior snrfaees of 
the saemm between its vertebral eomponents are typieally fonr 
pairs of saeral foramina for the exit of the posterior and ante- 
rior rami of the spinal nerves (Fig. 4.10A-D). The anterior (pel- 
vie) saeral foramina are larger than the posterior (dorsal) ones. 

The base of the saernm is formed by the snperior snr- 
faee of the S1 vertebra (Fig. 4.10A). Its snperior artienlar 
proeesses artienlate with the inferior artienlar proeesses of 
the L5 vertebra. The anterior projeeting edge of the body 
of the S1 vertebra is the saeral promontory (L. monntain 
ridge), an important obstetrieal landmark (see Ghapter 3). 


The apex of the saernm, its tapering inferior end, has an 
oval faeet for artienlation with the coceyx. 

The saernm snpports the vertebral eolnmn and forms the 
posterior part of the bony pelvis. The saernm is tilted so that 
it artienlates with the L5 vertebra at the inmbosaeral angle 
(Fig. 4.1D), which varies from 130° to 160°. The saernm is 
often wider in proportion to length in the female than in the 
male, bnt the body of the S1 vertebra is nsnally larger in males. 

The pelvie snrfaee of the saernm is smooth and eon- 
eave (Fig. 4.10A). Fonr transverse lines on this snrfaee of 
saera from adnlts indieate where fnsion of the saeral verte- 
brae oeenrred. Dnring ehildhood, the individnal saeral verte- 
brae are eonneeted by hyaline eartilage and separated by IV 
dises. Fnsion of the saeral vertebrae starts after age 20; how- 
ever, most of the IV dises remain nnossifled up to or beyond 
middle life. 

The dorsal snrfaee of the saernm is rongh, convex, and 
marked by flve prominent longitndinal ridges (Fig. 4.10B). 
The eentral ridge, the median saeral erest, represents the 
fnsed rndimentary spinons proeesses of the snperior three 
or fonr saeral vertebra; S5 has no spinons proeess. The 
intermediate saeral erests represent the fnsed artienlar 
proeesses, and the lateral saeral erests are the tips of the 
transverse proeesses of the fnsed saeral vertebrae. 

The elinieally important featnres of the dorsal snrfaee of 
the saernm are the inverted U-shaped saeral hiatns and the 
saeral eornna (L. horns). The saeral hiatns resnlts from the 
absenee of the laminae and spinons proeess of S5 and some- 
times S4. The saeral hiatns leads into the saeral eanal. Its 
depth varies, depending on how mneh of the spinons proeess 
and laminae of S4 are present. The saeral eornna, repre- 
senting the inferior artienlar proeesses of S5 vertebra, projeet 
inferiorly on eaeh side of the saeral hiatns and are a helpfnl 
gnide to its loeation. 

The snperior part of the lateral snrfaee of the saernm 

looks somewhat like an anriele (L. external ear); beeanse 
of its shape, this area is ealled the anrienlar snrfaee (Fig. 
4.10B & e). It is the site of the synovial part of the saero-iliae 
joint between the saernm and ilinm. Dnring life, the anrien- 
lar snrfaee is eovered with hyaline eartilage. 

COCCYX 

The coccyx (tail bone) is a small triangnlar bone that is nsn- 
ally formed by fnsion of the fonr rndimentary eoeeygeal ver- 
tebrae, althongh in some people, there may be one less or 
one more (Fig. 4.10A-D). Goeeygeal vertebra 1 (Col) 
may remain separate from the fnsed gronp. The coccyx is 
the remnant of the skeleton of the embryonie tail-like eandal 
eminenee, which is present in hnman embryos from the end 
of the 4th week nntil the beginning of the 8th week (Moore, 
Persand and Torehia, 2012). The pelvie snrfaee of the coccyx 
is eoneave and relatively smooth, and the posterior snrfaee 
has rndimentary artienlar proeesses. Col is the largest and 
broadest of all the eoeeygeal vertebrae. Its short transverse 
proeesses are eonneeted to the saernm, and its rndimentary 
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FIGURE4.10. Saemm and coccyx. A. Base and pelvie surface ofsacrum and coccyx. B. Dorsal surface ofsacrum and coccyx. C. Lateral and ante- 
rior orientation dravvings ofthe sacrum in its anatomieal position demonstrate the essentially frontal plane and level at vvhieh the sacrum has been seetioned 
to reveal the saeral eanal eontaining the cauda equina. Spinal ganglia lie vvithin the IV foramina, as they do at superior vertebral levels. However, the 
saeral posterior and anterior rami of the spinal nerves exit via posterior and anterior (pelvie) saeral foramina, respeetively. The lateral orientation 
drawing demonstrates the auricular surface that joins the ilium to form the synovial part ofthe saero-iliae joint. In the anatomieal position, the S1-S3 verte- 
brae lie in an essentially transverse plane, forming a roof for the posterior pelvie eavity. D. In anteroposterior radiographs the oblique plane ofthe auricular 
surfaces ereates two lines indieating eaeh saero-iliae joint. The lateral line is the anterior aspeet ofthe joint, the medial line is the posterior aspeet. 


articular proeesses form eoeeygeal comua, which articulate 
with the saeral cornua. The last three eoeeygeal vertebrae 
often fuse dnring middle life, forming a beak-like eoceyx; this 
aeeonnts for its name (G. coccyx, enekoo). With inereasing 
age, Col often fnses with the saernm, and the remaining eoe- 
eygeal vertebrae nsnally fnse to form a single bone. 

The coecyx does not partieipate with the other vertebrae 
in support of the body weight when standing; however, when 
sitting it may flex anteriorly somewhat, indieating that it is 
reeeiving some weight. The coceyx provides attaehments for 
parts of the gluteus maximus and eoeeygens mnseles and the 
anoeoeeygeal ligament, the median flbrons band of the pnbo- 
coecygeus mnseles (see Ghapter 3). 


SURFACE ANATOMY OF LUMBAR VERTEBRAE, 
SACRUM, AND COCCYX 

The spinons proeesses of lumbar vertebrae are large and easy 
to observe when the trnnk is flexed (Fig. 4.11A). They ean 
also be palpated in the posterior median fnrroto (Fig. 4.11B 
& e). The L2 spinons proeess provides an estimate of the 
position of the inferior end of the spinal eord. A horizon- 
tal line joining the highest points of the iliae erests passes 
throngh the tip of the L4 spinons proeess and the L4-L5 IV 
dise. This is a nsefnl landmark when performing a Inmbar 
pnnetnre to obtain a sample of eerebrospinal fluid (CSF) (see 
the blne box “Lnmbar Spinal Pnnetnre,” p. 505). 
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FIGIJRE 4.11. Surface anatomy of lumbar vertebrae, sacrum, and coccyx. 


The S2 spinons proeess lies at the middle of a line drawn 
between the posterior snperior iliae spines, indieated by the 
skin dimples (Fig. 4.11B). The dimples are formed by the 
attaehment of skin and deep faseia to these spines. This level 
indieates the inferior extent of the snbaraehnoid spaee (Inm- 
bar eistern). The median saeral erest ean be felt inferior to 
the L5 spinons proeess. The saeral triangle is formed by the 
lines joining the two posterior snperior iliae spines and the 
snperior part of the interglnteal (natal) eleft between the 
bnttoeks. The saeral triangle ontlining the saernm is a eom- 
mon area of pain resnlting from low baek sprains. The saeral 
hiatns ean be palpated at the inferior end of the saernm 
loeated in the snperior part of the interglnteal eleft. 

The transverse proeesses of thoraeie and Inmbar verte- 
brae are eovered with thiek mnseles and may or may not be 
palpable. The coccyx ean be palpated in the interglnteal eleft, 


inferior to the apex of the saeral triangle. The apex of the 
coccyx ean be palpated approximately 2.5 em posterosnpe- 
rior to the anns. Glinieally, the eoccyx is examined with a 
gloved finger in the anal eanal. 

Ossìfìeation of Vertebrae 

Vertebrae begin to develop dnring the embryonie period as 
mesenehymal eondensations aronnd the notoehord. Later, 
these mesenehymal bone models ehondrify and eartilaginons 
vertebrae form. Typieally, vertebrae begin to ossify toward the 
end of the embryonie period (8th week), with three primary 
ossifieation eenters developing in eaeh eartilaginons vertebra: 
an endoehondral eentrnm, which will eventnally eonstitnte 
most of the body of the vertebra, and two periehondral eenters, 
one in eaeh half of the nenral areh (Fig. 4.12A-J & M). 
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FIGIJRE 4.12. Ossifieation of vertebrae. A. Vertebra C1 (atlas) laeks a centrum. B and C. Vertebra C2 (axis) has two eentra, one ofwhich forms most of 
the dens. D-F. The development of “typieal” eervieal vertebrae is shown, including (D) the primary ossifieation eenters within the hyaline eartilage, (E) a CT 
sean of the vertebra shown in part D (SC, spinal eord), and (F) the primary and seeondary ossifieation eenters. G-l. The development of thoraeie vertebrae 
is shown, including (G) the three primary ossifieation eenters in a cartilaginous vertebra of a 7-week-old embryo (observe the joints present at this stage), 
(H) the primary and seeondary ossifieation eenters (with ribs developed from eostal elements), and (I) the bony parts of a thoraeie vertebra after skeletonization 
(eartilage removed). J-L. The development of the lumbar vertebrae is shown, including (J) the primary and seeondary ossifieation eenters, (K) the anular 
epiphyses separated from the body, and (L) the anular epiphyses in plaee. M and N. The development of the sacrum is shown. Note that the ossifieation 
and fusion of saeral vertebrae may not be eompleted until age 35. 
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Ossifieation eontinnes thronghont the fetal period. At 
birth, typieal vertebra and the snperiormost saeral verte- 
brae eonsist of three bony parts nnited by hyaline eartilage. 
The inferior saeral vertebrae and all the eoeeygeal vertebrae 
are still entirely eartilaginons; they ossify dnring infaney. 
The halves of the nenral arehes artienlate at neurocentral 
joints, which are primary eartilaginons joints (Fig. 4.12G). 
The halves of the nenraFvertebral areh begin to fnse with 
eaeh other posterior to the vertebral eanal dnring the Ist 
year, beginning in the Inmbar region and then in the thoraeie 
and eervieal regions. The nenral arehes begin fnsing with the 
eentra in the npper eervieal region aronnd the end of the 3rd 
year, bnt nsnally the proeess is not eompleted in the lower 
Inmbar region nntil after the 6th year (Moore et al., 2012). 

Five seeondary ossifieation eenters develop dnring 
pnberty in eaeh typieal vertebra: one at the tip of the spinons 
proeess; one at the tip of eaeh transverse proeess; and two 
annlar epiphyses (ring epiphyses), one on the snperior and 
one on the inferior edges of eaeh vertebral body (i.e., aronnd 
the margins of the snperior and inferior snrfaees of the ver- 

tebral body) (Fig. 4.12F & I-L). 

The hyaline annlar epiphyses, to which the IV dises attaeh, 
are sometimes referred to as epiphysial groivth plates and 
form the zone from which the vertebral body grows in height. 
When growth eeases early in the adnlt period, the epiphyses 
nsnally nnite with the vertebral body. This nnion resnlts in 
the eharaeteristie smooth raised margin, the epiphysial rim, 
aronnd the edges of the snperior and inferior snrfaees of the 
body of the adnlt vertebra (Figs. 4.2B and 4.3). All seeondary 
ossifìeation eenters have nsnally nnited with the vertebrae by 
age 25; however, the ages at which speeifìe nnions oeenr vary. 

Exceptions to the typieal pattern of ossifìeation oeenr in 
vertebrae Cl, C2, and C7 (Fig. 4.12A-C) and in the saernm 
(Fig. 4.12M & N) and coccyx. In addition, at all levels, pri- 
mordial “ribs” (eostal elements) appear in assoeiation with 
the seeondary ossifìeation eenters of the transverse proeesses 
(transverse elements). The eostal elements normally 
develop into ribs only in the thoraeie region; they beeome 
part of the transverse proeess or its eqmvalent at other levels. 

In the eervieal region, the eostal element normally remains 
diminntive as part of the transverse proeess. Foramina trans- 
versarii develop as gaps between the two lateral ossifìeation 
eenters, medial to a linking eostotransverse bar, which 
forms the lateral bonndary of the foramina (Fig. 4.12A-F). 
Also, as a resnlt of the eervieal transverse proeesses being 
formed from the two developmental elements, the transverse 
proeesses of eervieal vertebrae end laterally in an anterior 
tnherele (from the eostal element) and a posterior tnherele 
(from the transverse element). The atypieal morphology of 
vertebrae C1 and C2 is also established dnring development. 
The eentrnm of C1 beeomes fnsed to that of C2 and loses its 
peripheral eonneetion to the remainder of Cl, thns forming 
the dens (Fig. 4.12C). Sinee these fìrst two eentra are fnsed 
and are now part of C2, no IV dise is formed between C1 and 
C2 to eonneet them. The part of the body that remains with 
C1 is represented by the anterior areh and tnherele ofCl. 


In the thoraeie region, the eostal elements separate from 
the developing vertebrae and elongate into ribs, and the 
transverse elements alone form the transverse proeesses 

(Fig. 4.121). 

All bnt the base of the transverse proeesses of the Inm- 
bar vertebrae develop from the eostal element (Fig. 4.12J); 
this projeeting bar of the matnre bone is therefore ealled the 
eostal proeess. The transverse elements of the Inmbar ver- 
tebrae form the mammillary proeesses. 

The ala and anrienlar snrfaees of the saernm are formed 
by the fnsion of the transverse and eostal elements. 

Variatìons in Vertebrae 

Most people have 33 vertebrae, bnt developmental errors 
may resnlt in 32 or 34 vertebrae (Fig. 4.13). Estimates of 
the frequency of abnormal nnmbers of vertebrae snperior 
to the saernm (the normal nnmber is 24) range between 5% 
and 12%. Variations in vertebrae are affeeted by raee, gen- 
der, and developmental faetors (genetie and environmental). 


Normal 



^ W ^ 

(A) (B) (C) 


FIGIJRE 4.13. Variations in vertebrae and their relationship to ribs. A. 

A “eranial shift” is demonstrated, in vvhieh there are 13 ribs, including a eervi- 
eal rib articulating w\th vertebra C7, and a diminished 12th rib articulating 
vvith vertebraT12. Vertebra L5 is shovvn partially ineorporated into the 
sacrum, but such “saeralization” ean also be eomplete. The lovvest saeral 
segment (55) is partially segmented. B. The eommon arrangement of the 
vertebrae and the position of the 1 st and 12th ribs are shovvn. C. A “cau- 
dal shift” is shovvn, in vvhieh the 12th rib is inereased in size, and there is a 
small lumbar rib. The transverse proeess ofvertebra L4 is inereased in size, 
vvhereas that ofvertebra L5 is greatly reduced. The first saeral segment is 
shovvn partially separated from the rest of the sacrum, but such “lumbari- 
zation” ean also be eomplete. The Ist eoeeygeal segment is ineorporated 
into the sacrum—that is, it is “saeralized.” 
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An inereased nnmber of vertebrae oeenrs more often in 
males, and a redneed nnmber oeenrs more frequently in 
females. Some raees show more variation in the nnmber 
of vertebrae. Variations in the nnmber of vertebrae may be 
elinieally important. An inereased length of the presaeral 
region of the vertebral eolnmn inereases the strain on the 
inferior part of the Inmbar region of the eolnmn owing to 
the inereased leverage. However, most nnmerieal variations 
are deteeted ineidentally dnring diagnostie medieal imag- 
ing stndies being performed for other reasons and dnring 
disseetions and antopsies of persons with no history of baek 
problems. 

Gantion is neeessary, however, when deseribing an injnry 
(e.g., when reporting the site of a vertebral fraetnre). When 
eonnting the vertebrae, begin at the base of the neek. The 
nnmber of eervieal vertebrae (seven) is remarkably eon- 
stant (and not jnst in hnmans, bnt among vertebrates—even 


giraffes and snakes have seven eervieal vertebrae!). When 
eonsidering a nnmerieal variation, the thoraeie and Inmbar 
regions mnst be eonsidered together beeanse people having 
more than five Inmbar vertebrae often have a eompensatory 
deerease in the nnmber of thoraeie vertebrae (O’Rahilly, 

1986). 

Variations in vertebrae also involve the relationship 
between the vertebrae and ribs, and the nnmber of vertebrae 
that fnse to form the saernm (Fig. 4.13). The relationship of 
presaeral vertebrae to ribs and/or saernm may oeenr higher 
{eranial shìft) or lower {eandal shìft) than normal. Note, 
however, that a C7 vertebra artienlating with a rndimentary 
eervieal rib(s) is still eonsidered a eervieal vertebra. The same 
is trne for Inmbar vertebrae and Inmbar ribs. Likewise, an L5 
vertebra fnsed to the saernm is referred to as a “saeralized 
5th Inmbar vertebra” (see the blne box “Abnormal Fnsion of 
Vertebrae,” p. 462). 


VERTEBRAE 

Vertebral Body Osteoporosis 

® Vertehral hody osteoporosis is a eommon metabolie 

bone disease that is often deteeted dnring rontine 
radiographie stndies. Osteoporosis resnlts from a net 
demineralization of the bones eansed by a dismption of the nor- 
mal balanee of ealeinm deposition and resorption. As a resnlt, the 
quality of bone is redneed and atrophy of skeletal tissne oeenrs. 
Althongh osteoporosis affeets the entire skeleton, the most 


affeeted areas are the neek of the femnr, the bodies of vertebrae, 
the metaearpals (bones of the hand), and the radins. These bones 
beeome weakened and brittle, and are snbjeet to fraetnre. 

Radiographs taken dnring early to moderate osteoporosis 
demonstrate demineralization, which is evident as dimin- 
ished radiodensity of the trabeenlar (spongy) bone of the 
vertebral bodies, eansing the thinned eortieal bone to appear 
relatively prominent (Fig. R4.1R). Osteoporosis espeeially 
affeets the horizontal trabeenlae of the trabeenlar bone of the 
vertebral body (see Fig. 4.3). Consequently, vertieal striping 
may beeome apparent, refieeting the loss of the horizontal 



(A) Right lateral view 



(B) Left lateral view (C) Left lateral view 



FIGIJRE B4.1. Effeets of osteoporosis on vertebral column. A. Early to moderate osteoporosis, eharaeterized by vertieal striation in the vertebral bodies. 
B. Later, the striated pattern is lost as the continued loss of trabecular bone produces uniform radiolucency (less vvhite, more “transparent”)- In eontrast, the 
eortieal bone, vvhile thinned, appears relatively prominent. C. Late osteoporosis in the thoraeie region of the vertebral column demonstrates excessive tho- 
raeie kyphosis, a result of the eollapse of the vertebral bodies, vvhieh have beeome wedge-shaped (IV), planar (P), and bieoneave (B). 
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supporting trabeculae and thiekening of the vertieal strnts (Fig. 
B4.1A). Radiographs in later stages may reveal vertebral eol- 
lapse (eompression fraetnres) and inereased thoraeie kyphosis 
(Figs. 4.1C and B4.17B). Vertebral body osteoporosis oeenrs 
in all vertebrae but is most eommon in thoraeie vertebrae and 
is an espeeially eommon finding in postmenopansal females. 



Lamineetomy 

The snrgieal excision of one or more spinons pro- 
eesses and the adjaeent snpporting vertebral laminae 
in a partienlar region of the vertebral eolnmn is ealled 
a lamineetomy (I in Fig. B4.2A). The term is also eommonly 
used to denote removal of most of the vertebral areh by tran- 
seeting the pedieles (2 in Fig. B4.2A). 

Lamineetomies are performed snrgieally (or anatomieally 
in the disseetion laboratory) to gain aeeess to the vertebral 
eanal, providing posterior exposure of the spinal eord (if per- 
formed above the L2 level) and/or the roots of speeifie spinal 
nerves. Snrgieal lamineetomy is often performed to relieve 
pressnre on the spinal eord or nerve roots eansed by a tumor, 
herniated IV dise, or bony hypertrophy (excess growth). 


Vertebral body 


Vertebral foramen 
(vertebral eanal 
in the articulated 


vertebral column) 


Spinous proeess 
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Dìsloeatìon of Cervìcal Vertebrae 



Beeanse of their more horizontally oriented artienlar 
faeets, the eervieal vertebrae are less tightly inter- 
loeked than other vertebrae. The eervieal vertebrae, 
“staeked like eoins,” ean be disloeated in neek injnries with less 
foree than is required to fracture them (Fig. B4.3A-F). Because 
of the large vertebral eanal in the eervieal region, slight disloea- 
tion ean occur here without damaging the spinal eord (Fig. 
B4.3B). Severe disloeations, or disloeations eombined with 
fraetnres (fraetnre-disloeations) injnre the spinal eord. If the 
disloeation does not resnlt in “faeet jnmping” with loeking of 
the displaeed artienlar proeesses (Fig. B4.3F & G), the eervieal 
vertebrae may self-reduce (slip baek into plaee) so that a radio- 
graph may not indieate that the eord has been injnred. An MRI, 
however, may reveal the resnlting soft tissne damage. 



(C) (D) 


Disloeations of eervieal vertebrae 






Lamineetomy 
of L4 vertebra 


(B) 

FIGITRE B4.2. A. Sites at vvhieh lamineetomies are performed. B. Poste- 
riorvievv, postlamineetomy. 



(E) Right lateral view 

FIGURE B4.3 A-E. (Continued on nextpage) 
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(F) Medìan MRI sean 



Follovving bilateral 
disloeation 



Bilateral faeet disloeation (loeked faeets) 




Rt 




Left 


Y 

Post 


(G) Transverse CT sean - inferior view 


i = inferior articular proeesses of C6 
s = superior articular proeesses of C7 


Normally, the superior articular proeesses 
are anterior to the inferior proeesses, 
with their flat articular faeets in eontaet as 
a zygapophysial joint. 


FIGIJRE B4.3. Disloeations of eervieal vertebrae. Four stages of injury are shovvn: (A) stage I, fìexion sprain; (B) stage II, anterior subluxation vvith 25% 
anterior translation; (C) stage III, 50% translation; and (D) stage IV, eomplete disloeation. E. This lateral vievv radiograph shovvs a stage III disloeation vvith 
50% translation. F. This MRI study of a stage IV disloeation vvith eord injury reveals that the body of C7 is fractured {open white arrowhead). The ligamentum 
fìavum is disrupted {earvedblackarrow), and the spinous proeess is avulsed {straight blaekarrow). G. This transverse CT sean (same individual shovvn in F) 
reveals the reversed position of the articular proeesses of the C6 and C7 vertebrae ovving to “faeet Jumping.” 


Fracture and Disloeation of Atlas 

The atlas (vertebra C1) is a bony ring, with two wedge- 
shaped lateral masses, eonneeted by relatively thin 
anterior and posterior arehes and a transverse liga- 
ment (Fig. 4.4A). Beeanse the taller side of the lateral mass is 
direeted laterally, vertieal forees (as would resnlt from striking 


the bottom of a pool in a diving aeeident) eompressing the lat- 
eral masses between the oeeipital eondyles and the axis drive 
them apart, fraetnring one or both of the anterior or posterior 

arehes (Fig. B4.4B). 

If the foree is snffieient, raptnre of the transverse lìgament 
that links them will also oeenr (Fig. B4.4C). The resnlting 
Jejferson or hnrst fraetnre (Fig. B4.4C-E) in itself does not 



Vertieal eompressive 
foree transmitted to 


oeeipital eondyles 


VVedge of 
lateral mass 
squeezed 
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Lateral mass 
of C1 (LM) 
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of C1 (Ar) 
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AO 
C1 

AA 
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(A) Anterior view of oeeipital eondyles, 
atlas and axis 


(B) Anterior view of eoronal seetion of eraniovertebral 
[atlanto-oeeipital (AO) and lateral atlanto-axial 
(AA)] joints. eompare with radiograph in Fig 4.6E. 


FIGUREB4.4 A-B. Jefferson fracture of atlas. {Gontinaed on nextpage) 
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(C) Inferìor view of Jefferson (burst) fracture of C1 



(D) Inferior view of CT sean of Jefferson fracture 



(E) Anterior view of reconstructed CT image of Jefferson 
fracture showing fragment of anterior areh (Ar) and 
outward (iaterai) shift of iaterai masses of C1 (LM) 

FIGIJRE B4.4 C-E. JefFerson fracture of atlas. 


neeessarily resnlt in spinal eord injnry, beeanse the dimen- 
sions of the bony ring aetnally inerease. Spinal eord injnry 
is more likely, however, if the transverse ligament has also 
been rnptnred (see the blne box “Rnptnre of Transverse 
Ligament of Atlas” on p. 477) indieated radiographieally by 
widely spread lateral masses. 


Fracture and Disloeation of Axis 


Fraetnres of the vertehral areh of the axis (vertebra 
C2) are one of the most eommon injnries of the eervi- 
eal vertebrae (up to 40%) (Yoehnm and Rowe, 2004). 
IJsnally the fraetnre oeenrs in the bony eolnmn formed by the 



snperior and inferior artienlar proeesses of the axis, the pars 
interarticularis (Fig. 4.5A). A fraetnre in this loeation, ealled 
Sitranmatie spondylolysis of C2 (Fig. R4.5A, R, & D), nsnally 
oeenrs as a resnlt of hyperextension of the head on the neek, 
rather than the eombined hyperextension of the head and neek, 
whieh may resnlt in tohiplash injnry. 

Sneh hyperextension of the head was nsed to exeeute 
eriminals by hanging, in which the knot was plaeed nnder the 
ehin before the body snddenly dropped its length throngh 
the gallows floor (Fig. R4.5C); thns, this fraetnre has been 
ealled a hangman s fraetnre. 

In more severe injnries, the body of the C2 vertebra is dis- 
plaeed anteriorly with respeet to the body of the C3 vertebra. 
With or without sneh subluxation (ineomplete disloeation) of 
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(A) Posterosuperior view 
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(B) Lateral view 
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FIGURE B4.5 A-C. Fracture and dìsloeatìon of axìs. Posterosuperior 
(A) and lateral (B) vievvs of a hangman’s fracture of the C2 vertebra are 
shovvn {arrows). C. The position ofthe knot produces hyperextension 
during hanging {arrows). {Contìnuedon nextpage) 
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Craniunn 



(D) Lateral view 


FIGIJRE B4.5 D. Fracture and dìsloeatìon of axìs. {eontinned) 

D. Right lateral vievv radiograph demonstrating a hangman’s fracture 
(arrow) of C2. 


the axis, injury of the spinal eord and/or of the brainstem is 
likely, sometimes resnlting in quadriplegia (paralysis of all 
fonr limbs) or death. 

Fraetnres of the dens are also eommon axis injnries 
(40-50%), which may resnlt from a horizontal blow to 
the head or as a eomplieation of osteopenia (pathologieal 
loss of bone mass) (see the blne box “Fraetnre of Dens,” 

p. 476). 



Lumbar Spinal Stenosis 

Lnmhar spinal stenosis deseribes a stenotie (nar- 
row) vertebral foramen in one or more Inmbar 
vertebrae (Fig. B4.6B). This eondition may be a 
hereditary anomaly that ean make a person more vnlner- 
able to age-related degenerative ehanges sneh as IV dise 
bnlging. Lnmbar spinal nerves inerease in size as the ver- 
tebral eolnmn deseends, bnt paradoxically, the IV foram- 
ina deerease in size. Narrowing is nsnally maximal at the 
level of the IV dises. However, stenosis of a Inmbar verte- 
bral foramen alone may eanse eompression of one or 
more spinal nerve roots oeenpying the inferior vertebral 
eanal (Fig. 4.1). Snrgieal treatment of Inmbar stenosis 
may eonsist of deeompressive lamineetomy (see the blne 
box “Lamineetomy,” p. 457). When IV dise protrnsion 
oeenrs in a patient with spinal stenosis (Fig. B4.6B), it 
fnrther eompromises a vertebral eanal that is already lim- 
ited, as does arthritie proliferation and ligamentons 
degeneration. 


eervìeal Rìbs 



A eervieal rih is a relatively eommon anomaly. In 
1-2% of people, the developmental eostal ele- 
ment of C7, which normally beeomes a small part 
of the transverse proeess that lies anterior to the 



(A) Normal vertebral foramen (B) Stenotie vertebral foramen 

Superior views 
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nnedullaris 
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(arrow) 
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(C) Sagittal MRI, viewed from left 
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(D) Transverse MRI, inferior view 


FIGITRE B4.6. Lumbar spinal stenosis. Normal (A) and stenotie (B) 
vertebral foramina are eompared. The sagittal (C) and transverse (D) 
lumbar MRIs demonstrate a high-grade stenosis caused by hypertrophie 
articular proeesses and ligamenta fìava and moderate peripheral bulg- 
ing of the L4-L5 IV dise. 


foramen transversarinm (Fig. 4.5A), beeomes abnormally 
enlarged. This strnetnre may vary in size from a small pro- 
tnberanee to a eomplete rib that oeenrs bilaterally abont 
60% of the time. 

The supernnmerary (extra) rih or a fibrons eonneetion 
extending from its tip to the first thoraeie rib may elevate and 
plaee pressnre on strnetnres that emerge from the snperior 
thoraeie apertnre, notably the snbelavian artery or inferior 
trnnk of the braehial plexus, and may eanse thoraeie outlet 
syndrome . 
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Caudal Epidural Anesthesia 

In living persons, the saeral hiatns is elosed by the 
membranons saeroeoeeygeal ligament, which is 
piereed by thefilnm termìnale (a eonneetive tissne 
strand extending from the tip of the spinal eord to the eoe- 
cyx). Deep (snperior) to the ligament, the epidnral spaee of 
the saeral eanal is filled with fatty eonneetive tissne (Fig. 
B4.7A). In eandal epidnral anesthesia or eandal analgesia, a 
loeal anesthetie agent is injeeted into the fat of the saeral 
eanal that snrronnds the proximal portions of the saeral 
nerves. This ean be aeeomplished by several rontes, inelnd- 
ing the saeral hiatns (Fig. B4.7B & C). Beeanse the saeral 
hiatns is loeated between the saeral eornna and inferior to the 
S4 spinons proeess or median saeral erest, these palpable 
bony landmarks are important for loeating the hiatns (Fig. 
B4.7A). The anesthetie solntion spreads snperiorly and extra- 
dnrally, where it aets on the S2-Col spinal nerves of the 


eanda equina. The height to which the anesthetie aseends is 
eontrolled by the amonnt injeeted and the position of the 
patient. Sensation is lost inferior to the epidnral bloek. 
Anesthetie agents ean also be injeeted throngh the posterior 
saeral foramina into the saeral eanal aronnd the spinal nerve 
roots {transsaeral epidnral anesthesia) (Fig. B4.7B). Epidnral 
anesthesia dnring ehildbirth is disenssed in Chapter 3. 

Injury of Coccyx 

An abmpt fall onto the bnttoeks may eanse a painfnl 
snbperiosteal bmising or fraetnre of the coccyx, or a 
fraetnre—disloeation of the saeroeoeeygeal joint. 
Displaeement is eommon, and snrgieal removal of the frae- 
tnred bone may be required to relieve pain. An espeeially dif- 
fienlt ehildbirth oeeasionally injnres the mother’s coccyx. A 
tronblesome syndrome, eoeeygodynia (or eoeeydynia), often 
follows eoeeygeal tranma; pain relief is eommonly diffienlt. 
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(B) Posterior view 


FIGUREB4.7. 


(D) Transsaeral (epidural) anesthesia 
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Abnormal Fnsion of Vertebrae 



In approximately 5% of people, L5 is partly or eom- 
pletely ineorporated into the saernm—eonditions 
known as hemìsaeralìzatìon and saeralization of the 
L5 vertehra (Fig. B4.8A), respeetively. In others, S1 is more or 
less separated from the saernm and is partly or eompletely 
fnsed with L5 vertebra, whieh is ealled Inmharization of the S1 
vertehra (Fig. B4.8B). When L5 is saeralized, the L5-S1 level 
is strong and the L4-L5 level degenerates, often prodneing 
painfnl symptoms. 



Pelvie surface Dorsal surface 

(A) Saeralization of L5 vertebra 



Pelvie surface Dorsal surface 


(B) Lumbarization of S1 vertebra 
(S1 is not part of sacrum) 

FIGURE B4.8. 


Effeet of Aging on Vertebrae 

Between birth and age 5, the body of a typieal Inmbar 
vertebra inereases in height threefold (from 5-6 mm 



to 15-18 mm), and between ages 5 and 13, it inereases 
another 45-50%. Longitndinal growth eontinnes thronghont 
adoleseenee, bnt the rate deereases and is eompleted between 
ages 18 and 25. 


Dnring middle and older age, there is an overall deerease 
in bone density and strength, partienlarly eentrally within 
the vertebral body. Consequently, the artienlar snrfaees 
gradnally bow inward so that both the snperior and infe- 
rior snrfaees of the vertebrae beeome inereasingly eoneave 
(Fig. B4.9A), and the IV dises beeome inereasingly convex. 
The bone loss and consequent ehange in shape of the verte- 
bral bodies may aeeonnt in part for the slight loss in height 
that oeenrs with aging. The development of these eoneavi- 
ties may eanse an apparent narrowing of the intervertebral 
“spaee” on radiographs based on the distanee between the 
margins of the vertebral bodies; however, this shonld not be 
interpreted as a loss of IV dise thiekness. 

Aging of the IV dises eombined with the ehanging shape of 
the vertebrae resnlts in an inerease in eompressive forees at 
the periphery of the vertebral bodies, where the dises attaeh. 
In response, osteophytes (bony spnrs) eommonly develop 
aronnd the margins of the vertebral body (along the attaeh- 



(A) Medial view of right half of lumbar vertebra 



(B) Left anterior superior oblique view *osteophytes 


FIGURE B4.9. EfFeets of aging on vertebrae. 
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ments of the fibers of the onter part of the dise), espeeially 
anteriorly and posteriorly (Fig. B4.9B). Similarly, as altered 
meehanies plaee greater stresses on the zygapophysial joints, 
osteophytes develop along the attaehments of the joint eap- 
snles and aeeessory ligaments, espeeially those of the snperior 
artienlar proeess, whereas extensions of the artienlar eartilage 
develop aronnd the artienlar faeets of the inferior proeesses. 

This bony or eartilaginons growth dnring advaneed age 
has traditionally been viewed as a disease proeess {spondy- 
losis in the ease of the vertebral bodies, osteoarthrosìs in the 
ease of the zygapophysial joints), but it may be more realistie 
to view it as an expeeted morphologieal ehange with age, rep- 
resenting normal anatomy for a partieular age range. 

Gorrelation of these findings with pain is often diffienlt. 
Some people with these manifestations present with pain, 
others demonstrate the same age-related ehanges but have 
no pain, and still others exhibit little morphologieal ehange 
but eomplain of the same types of pain as those with evi- 
dent ehange. In view of this and the typieal oeenrrenee of 
these findings, some elinieians have snggested that sueh age- 
related ehanges should not be eonsidered pathologieal, but 
as the normal anatomy of aging (Bogduk, 2012). 



Anomalies of Vertebrae 

Sometimes the epiphysis of a transverse proeess fails 
to fiise. Therefore, eantion must be exereised so that 
a persistent epiphysis is not mistaken for a vertebral 
fraetnre in a radiograph or eompnted tomographie (CT) sean. 

A eommon birth defeet of the vertebral column is spina 
hijìda oeenlta, in which the neural arehes of L5 and/or S1 
fail to develop normally and fiise posterior to the vertebral 
eanal. This bony defeet, present in up to 24% of the popula- 
tion (Greer, 2009), usually occurs in the vertebral areh of 


L5 and/or Sl. The defeet is eoneealed by the overlying skin, 
but its loeation is often indieated by a tuft of hair. Most peo- 
ple with spina bifida oeenlta have no baek problems. When 
examining a newborn, adjaeent vertebrae should be palpated 
in sequence to be eertain the vertebral arehes are intaet and 
continuous from the eervieal to the saeral regions. 

In severe types of spina bifida, spina hijìda eystiea, one or 
more vertebral arehes may fail to develop eompletely. Spina 
bifida eystiea is assoeiated with herniation of the meninges 
{meningoeele, a spina bifida assoeiated with a meningeal 
eyst) and/or the spinal eord {meningomyeloeele) (Fig. B4.10). 
Nenrologieal symptoms are usually present in severe eases 
of meningomyeloeele (e.g., paralysis of the limbs and distur- 
banees in bladder and bowel eontrol). Severe forms of spina 
bifida result from nenral tuhe defeets, such as the defeetive 
closure of the neural tube during the 4th week of embryonie 
development (Moore, et ak, 2012). 



FIGITRE B4.10. Infant wìth spìna bìfida eystìea. 


The Bottom Lìne 


VERTEBRAE 

Typìeal vertebrae: Vertebrae eonsist of vertebral bodies, 
which bear weight and inerease in size proportionately, and 
vertebral arehes, which eolleetively house and proteet the 
spinal eord and the roots of the spinal nerves. ♦ Proeesses 
extending from the vertebral areh provide attaehment and 
leverage for muscles, or direet movements between vertebrae. 

Regìonal eharaeterìstìes of vertebrae: The ehief regional 
eharaeteristies ofvertebrae are ♦ foramina transversarii for 
eervieal vertebrae, ♦ eostal faeets for thoraeie vertebrae, 

♦ the absenee of foramina transversarii and eostal faeets for 
lumbar vertebrae, ♦ the fusion of adjaeent saeral vertebrae, 
and ♦ the rudimentary nature of eoeeygeal vertebrae. 

Ossìfieatìon of vertebrae: Vertebrae typieally ossify 
from three primary ossifieation eenters within a eartilagi- 
nous model: a centrum that will form most of the body and 


a eenter in eaeh half of the neural areh. ♦ Thus, by the time 
ofbirth, most vertebrae eonsist ofthree bony parts united 
by hyaline eartilage. ♦ Fusion occurs during the first 6 years 
in a centrifugal pattern from the lumbar region. ♦ During 
puberty, five seeondary ossifieation eenters appear: three 
related to the spinous and transverse proeesses and two 
anular epiphyses around the superior and inferior margins 
of the vertebral body. ♦ Gostal elements formed in assoeia- 
tion with the ossifieation eenter of the transverse proeess 
usually form ribs only in the thoraeie region. They form 
eomponents of the transverse proeesses or their equivalents 
in other regions. ♦ Knowledge of the pattern of ossifieation 
of vertebrae allows understanding of the normal structure 
of typieal and atypieal vertebrae, as well as variations and 
malformations. 
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VERTEBRAL COLUMN 

The vertebral column (spine) is an aggregate stmetnre, nor- 
mally made up of 33 vertebrae and the eomponents that nnite 
them into a single strnetnral, fnnetional entity—the “axis” of the 
axial skeleton. Beeanse it provides the semirigid, eentral “eore” 
abont which movements of the trnnk oeenr, “soft” or hollow 
strnetnres that rnn a longitndinal eonrse are snbjeet to damage 
or kinking (e.g., the spinal eord, deseending aorta, venae eavae, 
thoraeie dnet, and esophagns). Thns they lie in elose proximity 
to the vertebral axis, where they reeeive its semirigid snpport 
and torsional stresses on them are minimized. 

Joints of Vertebral Column 

The joints of the vertebral eolnmn inelnde the: 

• Joints of the vertebral bodies. 

• Joints of the vertebral arehes. 

• Graniovertebral (atlanto-axial and atlanto-oeeipital) joints. 

• Gostovertebral joints (see Ghapter 1). 

• Saero-iliae joints (see Ghapter 3). 

JOINTS OF VERTEBRAL BODIES 

The joints of the vertebral bodies are symphyses {seeond- 
ary eartilaginons joints) designed for weight-bearing and 
strength. The artienlating snrfaees of adjaeent vertebrae are 
eonneeted by IV dises and ligaments (Fig. 4.14). 

The IV dises provide strong attaehments between the ver- 
tebral bodies, nniting them into a eontinnons semirigid eol- 
nmn and forming the inferior half of the anterior border of 
the IV foramen. In aggregate, the dises aeeonnt for 20-25% 
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FIGITRE 4.14. Lumbar vertebrae and IV dìses. This vievv of the superior 
lumbar region shovvs the structure of the anuli fìbrosi of the dises and the 
structures involved in formation of IV foramina. The dise forms the inferior 
half of the anterior boundary of an IV foramen (except in the eervieal region). 
Thus herniation of the dise will not affeet the spinal nerve exiting from the 
superior part of that foramen, bounded by bone. 


of the length (height) of the vertebral eolnmn (Fig. 4.1). As 
well as permitting movement between adjaeent vertebrae, 
their resilient deformability allows them to serve as shoek 
absorbers. Eaeh IV dise eonsists of an anulus jìhrosns, an 
onter fibrons part, eomposed of eoneentrie lamellae of fibro- 
eartilage, and a gelatinons eentral mass, the nucleus pulposus. 

The anulus fibrosus (L. anus, a ring) is a bnlging fibrons 
ring eonsisting of eoneentrie lamellae (layers) of fibroearti- 
lage forming the eirenmferenee of the IV dise (Figs. 4.14 and 
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(A) Anterosuperior view, vertebral 
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through IV dise 


(B) Lateral view of dise 
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FIGITRE 4.15. Structure and function of IV dises. A. The dise eonsists of a nucleus pulposus and an anulus fìbrosus. The superfìcial layers ofthe anulus 
have been cut and spread apart to show the direetion of the fìbers. Note that the eombined thiekness of the rings of the anulus is diminished posteriorly—that 
is, the anulus is thinner posteriorly. B. The fìbrogelatinous nucleus pulposus occupies the eenter ofthe dise and aets as a cushion and shoek-absorbing meeha- 
nism. e. The pulpy nucleus fìattens and the anulus bulges when weight is applied, as occurs during standing and more so during lifting. D. During fìexion and 
extension movements, the nucleus pulposus serves as a fulcrum. The anulus is simultaneously plaeed under eompression on one side and tension on the other. 




























Chapter4 • Baek 


465 


4.15A). The anuli insert into the smooth, ronnded epiphysial 
nms on the artienlar snrfaees of the vertebral bodies formed 
by the í\iseàanularepiphyses (Figs. 4.2B and4.15B & C). The 
fibers forming eaeh lamella rnn obliquely from one vertebra 
to another, abont 30 or more degrees from vertieal. The fibers 
of adjaeent lamellae eross eaeh other obliquely in opposite 
direetions at angles of more than 60 degrees (Fig. 4.14). This 
arrangement allows limited rotation between adjaeent verte- 
brae, while providing a strong bond between them. The annlns 
is thinner posteriorly and may be ineomplete posteriorly in the 
adnlt in the eervieal region (Mereer and Bogdnk, 1999). The 
annlns beeomes deereasingly vasenlarized eentrally, and only 
the onter third of the annlns reeeives sensory innervation. 

The nucleus pnlposns (L. pulpa, fieshy) is the eore of the 
IV dise (Fig. 4.15A). At birth, these pnlpy nnelei are abont 88% 
water and are initially more eartilaginons than fibrons. Their 
semifinid natnre is responsible for mneh of the fiexibility and 
resilienee of the IV dise and of the vertebral eolnmn as a whole. 

Vertieal forees deform the IV dises, which thns serve as shoek 
absorbers. The nnelei beeome broader when eompressed and 
thinner when tensed or stretehed (as when hanging or sns- 
pended) (Fig. 4.15C). Compression and tension oeenr simnlta- 
neonsly in the same dise dnring anterior and lateral fiexion and 
extension of the vertebral eolnmn (Fig. 4.15D). Dnring these 
movements, as well as dnring rotation, the tnrgid nnelens aets as 
a semifinid fnlernm. Beeanse the lamellae of the annlns fibrosns 
are thinner and less nnmerons posteriorly than they are anteri- 
orly or laterally the nnelens pnlposns is not eentered in the dise 
bnt is positioned between the eenter and posterior aspeet of the 
dise (Fig. 4.15A). The nnelens pnlposns is avasenlar; it reeeives 
its nonrishment by diffiision from blood vessels at the periphery 
of the annlns fibrosns and vertebral body. 

There is no IV dise between C1 and C2 vertebrae; the 
most inferior fnnetional dise is between L5 and 81 vertebrae. 
The dises vary in thiekness in different regions. The thiek- 
ness of the dises inereases as the vertebral eolnmn deseends. 
However, their thiekness relative to the size of the bodies 
they eonneet is most elearly related to the range of move- 
ment, and relative thiekness is greatest in the eervieal and 
Inmbar regions. Their thiekness is most nniform in the tho- 
raeie region. The dises are thieker anteriorly in the eervieal 
and Inmbar regions, their varying shapes prodneing the see- 
ondary enrvatnres of the vertebral eolnmn (see Fig. 4.1B). 

IJneovertebral ^‘joints” or elefts (of Lnsehka) eommonly 
develop between the nnei of the bodies of C3 or 4-C6 or 7 
vertebrae and the beveled inferolateral snrfaees of the verte- 
bral bodies snperior to them after 10 years of age (Fig. 4.16). 
The joints are at the lateral and posterolateral margins of the 
IV dises. The artienlating snrfaees of these joint-like strne- 
tnres are eovered with eartilage moistened by finid eontained 
within an interposed potential spaee, or “eapsnle.” They are 
eonsidered synovial joints by some; others eonsider them to 
be degenerative spaees (elefts) in the dises oeenpied by extra- 
eellnlar finid. The nneovertebral “joints” are frequent sites of 
bone spnr formation in later years, which may eanse neek pain. 

The anterior longitndinal ligament is a strong, broad 
fibrons band that eovers and eonneets the anterolateral 


Right and left uncus of vertebral 
body (uncinate proeesses) 



FIGURE4.16. LJneovertebral joints. These small, synovial joint-like 
structures are betvveen the unci ofthe bodies ofthe lovver vertebrae and 
the beveled surfaces of the vertebral bodies superiorto them. These Joints 
are at the posterolateral margins of the IV dises. 


aspeets of the vertebral bodies and IV dises (Fig. 4.17). 
The ligament extends longitndinally from the pelvie snrfaee 
of the saernm to the anterior tnberele of vertebra C1 and 
the oeeipital bone anterior to the foramen magnnm are the 
snperiormost parts, the anterior atlanto-axial and atlanto- 
oeeipital ligaments. Althongh thiekest on the anterior aspeet 
of the vertebral bodies (illnstrations often depiet only this 
portion), the anterior longitndinal ligament also eovers the 
lateral aspeets of the bodies to the IV foramen. This ligament 
prevents hyperextension of the vertebral eolnmn, maintain- 
ing stability of the joints between the vertebral bodies. The 
anterior longitndinal ligament is the only ligament that limits 
extension; all other IV ligaments limit forms of fiexion. 

The posterior longitudinal ligament is a mneh nar- 
rower, somewhat weaker band than the anterior longitndinal 
ligament (Fig. 4.17; see also 4.18B). The posterior longitndinal 
ligament rnns within the vertebral eanal along the posterior 
aspeet of the vertebral bodies. It is attaehed mainly to the IV 
dises and less so to the posterior aspeets of the vertebral bodies 
from C2 to the saernm, often bridging fat and vessels between 
the ligament and the bony snrfaee. This ligament weakly 
resists hyperfiexion of the vertebral eolnmn and helps prevent 
or redireet posterior herniation of the nnelens pnlposns. It is 
well provided with noeieeptive (pain) nerve endings. 



















466 


Chapter4 • Baek 


Superior articular 
proeess 


Transverse 
proeess and 
transverse 
eostal faeet 

Zygapophysial 
joint eavity 


Pediele of 
vertebral 
areh (cut) 


Intervertebral 
foramen 

Lamina of 
vertebral areh 



Vertebral body 


Anterior 
longitudinal 
ligament 
blending with 
anulus fibers 
of IV dise 


Intervertebral 

dise 





í 




I 


f 


I 





T9 


Inferior 

articular 

proeess 


Ligamentum 

flavum 



Posterior 

longitudinal 

ligament 



Anterior 

longitudinal 

ligament 

eovering 

vertebral 

body 


Foramina 

for blood 

vessels 

entering or 

exiting 

vertebral 

bodies 


Anterior view 

FIGIJRE 4.17. Relationship of ligaments to vertebrae and IV dises. 

The inferior thoraeie (T9-T12) and superior lumbar (L1 -L2) vertebrae, 
with assoeiated dises and ligaments, are shown. The pedieles of the 
T9-T11 vertebrae have been sawn through and their bodies and inter- 
veningdises removed to provide an anteriorview ofthe posterior wall 
of the vertebral eanal. Between the adjaeent left or right pedieles, the 
inferior and superior articular proeesses and the zygapophysial Joints 
between them (from which Joint capsules have been removed) and the 
lateralmost extent of the ligamenta fìava form the posterior boundaries 
of IV foramina. The anterior longitudinal ligament is broad, whereas the 
posterior longitudinal ligament is narrow. 


JOINTS OF VERTEBRAL ARGHES 

The joints of the vertebral arehes are the zygapophysial 
joints {faeet joints). These artienlations are plane synovial 
joints betvveen the snperior and inferior artienlar proeesses 
(G. zygapophyses) of adjaeent vertebrae (Figs. 4.15 and 
4.17). Eaeh joint is snrronnded by a thin joint eapsnle. 
Those in the eervieal region are espeeially thin and loose, 
refleeting the wide range of movement (Fig. 4.18). The joint 
eapsnle is attaehed to the margins of the artienlar snrfaees of 
the artienlar proeesses of adjaeent vertebrae. Aeeessory liga- 
ments nnite the laminae, transverse proeesses, and spinons 
proeesses and help stabilize the joints. 

The zygapophysial joints permit gliding movements betvveen 
the artienlar proeesses; the shape and disposition of the artien- 


lar snrfaees determine the types of movement possible. The 
range (amonnt) of movement is determined by the size of the 
IV dise relative to that of the vertebral body. In the eervieal 
and Inmbar regions, these joints bear some weight, sharing this 
fnnetion with the IV dises, partienlarly dnring lateral flexion. 

The zygapophysial joints are innervated by artienlar 
branehes that arise from the medial branehes of the poste- 
rior rami of spinal nerves (Fig. 4.19). As these nerves pass 
postero-inferiorly, they lie in grooves on the posterior snr- 
faees of the medial parts of the transverse proeesses. Eaeh 
artienlar braneh snpplies two adjaeent joints; therefore, eaeh 
joint is snpplied by two nerves. 

ACCESSORY LIGAMENTS 
OFINTERVERTEBRAL JOINTS 

The laminae of adjaeent vertebral arehes are joined by broad, 
pale yellow bands of elastie tissne ealled the ligamenta flava 
(L.flavns, yellow). These ligaments extend almost vertieally 
from the lamina above to the lamina below, those of opposite 
sides meeting and blending in the midline (Figs. 4.14 and 
4.17). The flaval ligaments bind the lamina of the adjoining 
vertebrae together, forming alternating seetions of the poste- 
rior wall of the vertebral eanal. The ligamenta flava are long, 
thin, and broad in the eervieal region, thieker in the thoraeie 
region, and thiekest in the Inmbar region. These ligaments 
resist separation of the vertebral lamina by limiting abrnpt 
flexion of the vertebral eolnmn, and thereby prevent injnry 
to the IV dises. The strong, elastie yellow ligaments help 
preserve the normal enrvatnres of the vertebral eolnmn and 
assist with straightening of the eolnmn after flexing. 

Adjoining spinons proeesses are nnited by weak, often 
membranons interspinons ligaments and strong flbrons 
snpraspinons ligaments (Fig. 4.18A & B). The thin interspi- 
nous ligaments eonneet adjoining spinons proeesses, attaeh- 
ing from the root to the apex of eaeh proeess. The eord-like 
band forming the snpraspinons ligaments eonneets the tips 
of the spinons proeesses from C7 to the saernm and merge 
snperiorly with the nnehal ligament at the baek of the neek 
(Fr. nuque, baek of neek) (Fig. 4.18A). IJnlike the interspinons 
and snpraspinons ligaments, the strong, broad nnehal liga- 
ment (L. ligamentum nuchae) is eomposed of thiekened flbro- 
elastie tissne, extending as a median band from the external 
oeeipital protnberanee and posterior border of the foramen 
magnnm to the spinons proeesses of the eervieal vertebrae. 
Beeanse of the shortness and depth of the C3-C5 spinons pro- 
eesses, the nnehal ligament provides attaehment for mnseles 
that attaeh to the spinons proeesses of vertebrae at other lev- 
els. The intertransverse ligaments, eonneeting adjaeent 
transverse proeesses, eonsist of seattered flbers in the eervieal 
region and flbrons eords in the thoraeie region (Fig. 4.18B). In 
the Inmbar region these ligaments are thin and membranons. 

eRANIOVERTEBRAL JOINTS 

There are two sets of eraniovertebral joints, the atlanto- 
oeeipital joints, formed between the atlas (C1 vertebra), 
and the oeeipital bone of the eraninm, and the atlanto-axial 
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(A) Right lateral view (B) Right posterior oblique view 

FIGIJRE 4.18. Joints and ligaments of vertebral column. A. The ligaments in the eervieal region are shovvn. Superior to the prominent spinous proeess of 
C7 (vertebra prominens), the spinous proeesses are deeply plaeed and attaehed to an overlying nuchal ligament. B. The ligaments in the thoraeie region are 
shovvn. The pedieles of the superior tvvo vertebrae have been savvn through and the vertebral arehes removed to reveal the posterior longitudinal ligament. 
Intertransverse, supraspinous, and interspinous ligaments are demonstrated in assoeiation vvith the vertebrae vvith intaet vertebral arehes. 
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FIGIJRE 4.19. Innervation of zygapophysial joints. The posterior rami 
arise from the spinal nerves outside the IV foramen and divide into medial 
and lateral branehes. The medial braneh gives rise to articular branehes 
that are distributed to the zygapophysial joint at that level, and to the joint 
one level inferiorto its exit. Thus, eaeh zygapophysial joint reeeives articular 
rami from the medial braneh of the posterior rami of tv\/o adjaeent spinal 
nerves. The medial branehes of both posterior rami have to be ablated to 
denervate a zygapophysial joint. 


joints, formed betvveen the atlas and axis (C2 vertebra) (Fig. 
4.20). The Greek word atlanto refers to the atlas (C1 verte- 
bra). The eraniovertebral joints are synovial joints that have 
no IV dises. Their design gives a wider range of movement 
than in the rest of the vertebral eolnmn. The artienlations 
involve the oeeipital eondyles, atlas, and axis. 

Atlanto-oeeipital Joints. The artienlations are between 
the snperior artienlar snrfaees of the lateral masses of the 
atlas and the oeeipital eondyles (Figs. 4.6A & B and 4.20A). 
These joints permit nodding of the head, sneh as the flexion 
and extension of the head oeenrring when indieating approval 
(the “yes” movement). These joints also permit sideways tilt- 
ing of the head. The main movement is flexion, with a little 
lateral flexion and rotation. They are synovial joints of the 
eondyloid type and have thin, loose joint eapsnles. 

The eraninm and C1 are also eonneeted by anterior and 
posterior atlanto-oeeipital membranes, which extend 
from the anterior and posterior arehes of C1 to the ante- 
rior and posterior margins of the foramen magnnm (Figs. 
4.20B and 4.21). The anterior membranes are eomposed 
of broad, densely woven flbers (espeeially eentrally where 
they are eontinnons with the anterior longitndinal ligament). 
The posterior membranes are broad bnt relatively weak. The 
atlanto-oeeipital membranes help prevent excessive move- 
ment of the atlanto-oeeipital joints. 

Atlanto-axial Joints. There are three atlanto-axial 
artienlations (Fig. 4.20A-D): two (right and left) lateral 
atlanto-axial joints (between the inferior faeets of the lat- 
eral masses of C1 and the snperior faeets of C2), and one 
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(B) Medial view of right half of hemiseeted head and upper neek 

FIGIJRE 4.20. Craniovertebral joints and ligaments. A. Ligaments ofthe atlanto-oeeipital and atlanto-axial joints. The teetorial membrane and the right side 
ofthe cruciate ligament ofthe atlas have been removed to show the attaehment ofthe right alar ligament to the dens of C2 (axis). B. The hemiseeted eranioverte- 
bral region shows the medianjoints and membranous continuities ofthe ligamenta fìava and longitudinal ligaments in the eraniovertebral region. C. The articu- 
lated atlas and axis showing that the median atlanto-axial joint is formed as the anterior areh and transverse ligament ofthe atlas form a soeket for the dens ofthe 
axis. D. During rotation of head, the cranium and atlas rotate as a unit around the pivot ofthe dens when the head is turned side to side (the “no” movement). 
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FIGURE4.20. (Continued) 


median atlanto-axìal joint (betvveen the dens of C2 and 
the anterior areh of the atlas). The lateral atlanto-axial joints 
are gliding-type synovial joints, vvhereas the median atlanto- 
axial joint is a pivot joint. 

Movement at all three atlanto-axial joints permits the head 
to be tnrned from side to side (Fig. 4.20D), as oeenrs vvhen 
rotating the head to indieate disapproval (the “no” move- 
ment). Dnring this movement, the eraninm and C1 rotate on 
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FIGURE 4.21. Membranes of eraniovertebral joints. A. Only the thieker, 
most anterior part ofthe anterior longitudinal ligament is included here to 
demonstrate its superior continuation as the anterior atlanto-axial mem- 
brane and anterior atlanto-oeeipital membrane. Laterally, the membranes 
blend vvith the joint capsules ofthe lateral atlanto-axial and atlanto- 
oeeipital Joints. B. The posterior atlanto-oeeipital and atlanto-axial mem- 
branes span the gaps between the posterior areh of the atlas (C1) and the 
oeeipital bone (posterior margin ofthe foramen magnum) superiorly, and 
the laminae of the axis (C2) inferiorly. The vertebral arteries penetrate the 
atlanto-oeeipital membrane before traversingthe foramen magnum. 


C2 as a unit. During rotation of the head, the dens of C2 is 
the axis or pivot that is held in a soeket or eollar formed ante- 
riorly by the anterior areh of the atlas and posteriorly by the 
transverse lìgament of the atlas (Fig. 4.20A-D); this strong 
band extends betvveen the tnbereles on the medial aspeets of 
the lateral masses of C1 vertebrae. 

Vertieally oriented but much vveaker superior and inferior 
longitndinal hands pass from the transverse ligament of the 
atlas to the oeeipital bone snperiorly and to the body of C2 
inferiorly. The emeiate ligament of the atlas, so named 
beeanse of its resemblanee to a eross, eonsists of the transverse 
ligament of the atlas plus the longitudinal bands (Fig. 4.20A). 

The alar ligaments extend from the sides of the dens 
of the axis to the lateral margins of the foramen magnnm. 
These short, ronnded eords, approximately 0.5 em in diam- 
eter, attaeh the eraninm to the C1 vertebra and aet as eheek 
ligaments in preventing excessive rotation at the joints. 

The teetorial membrane (Fig. 4.20A & B) is the strong 
snperior eontinnation of the posterior longitndinal ligament 
that broadens and passes posteriorly over the median atlanto- 
axial joint and its ligaments. It runs snperiorly from the body 
of C2 throngh the foramen magnnm to attaeh to the eentral 
part of the floor of the eranial eavity, formed by the internal 
snrfaee of the oeeipital bone. 
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Movements of Vertebral Column 

The range of movement of the vertebral eolnmn varies 
aeeording to the region and the individnal. Gontortionists, 
who begin their training dnring early ehildhood, beeome 
eapable of extraordinary movements. The normal range 
of movement possible in healthy yonng adnlts is typieally 
redneed by 50% or more as they age. 

The mobility of the vertebral eolnmn resnlts primarily 
from the eompressibility and elastieity of the IV dises. The 
vertebral eolnmn is eapable of flexion, extension, lateral flex- 
ion and extension, and rotation (torsion) (Fig. 4.22). Bending 
of the vertebral eolnmn to the right or left from the nentral 
(ereet) position is lateral flexìon; retnrning to the ereet pos- 
tnre from a position of lateral flexion is lateral extension. 

The range of movement of the vertebral eolnmn is limited 
by the: 

• Thiekness, elastieity, and eompressibility of the IV dises. 

• Shape and orientation of the zygapophysial joints. 

• Tension of the joint eapsnles of the zygapophysial joints. 

• Resistanee of the baek mnseles and ligaments (e.g., the 
ligamenta flava and the posterior longitndinal ligament). 

• Attaehment to the thoraeie (rib) eage. 

• Bnlk of snrronnding tissne. 

Movements are not prodneed exclusively by the baek 
mnseles. They are assisted by gravity and the aetion of the 
anterolateral abdominal mnseles. Movements between adja- 
eent vertebrae oeenr at the resilient nnelei pnlposi of the IV 
dises (serving as the axis of movement) and at the zygapo- 
physial joints (Figs. 4.14 and 4.15). 

The orientation of the latter joints permits some move- 
ments and restriets others. With the exception perhaps of 
Cl-C2, movement never oeenrs at a single segment of the 
eolnmn. Althongh movements between adjaeent vertebrae 
are relatively small, espeeially in the thoraeie region, the snm- 
mation of all the small movements prodnees a eonsiderable 
range of movement of the vertebral eolnmn as a whole (e.g., 
when flexing to toneh the floor; Fig. 4.22A). Movements of 
the vertebral eolnmn are freer in the eervieal and Inmbar 
regions than elsewhere. Flexion, extension, lateral flexion, 
and rotation of the neek are espeeially free beeanse the: 


• IV dises, althongh thin relative to most other dises, are thiek 
relative to the size of the vertebral bodies at this level. 

• Artienlar snrfaees of the zygapophysial joints are relatively 
large and the joint planes are almost horizontal. 

• Joint eapsnles of the zygapophysial joints are loose. 

• Neek is relatively slender (with less snrronnding soft 
tissne bnlk eompared with the trnnk). 

Flexion of the vertebral eolnmn is greatest in the eervi- 
eal region. The sagittally oriented joint planes of the Inmbar 
region are eondneive to flexion and extension. Extension of 
the vertebral eolnmn is most marked in the Inmbar region 
and is nsnally more extensive than flexion; however, the 
interloeking artienlar proeesses here prevent rotation (Fig. 
4.9). The Inmbar region, like the eervieal region, has IV dises 
that are large relative to the size of the vertebral bodies. Lat- 
eral flexion of the vertebral eolnmn is greatest in the eervieal 
and Inmbar regions (Fig. 4.22B). 

The thoraeie region, in eontrast, has IV dises that are thin 
relative to the size of the vertebral bodies. Relative stability is 
also eonferred on this part of the vertebral eolnmn throngh 
its eonneetion to the sternnm by the ribs and eostal eartilages. 
The joint planes here lie on an are that is eentered on the ver- 
tebral body, permitting rotation in the thoraeie region (Fig. 
4.22C). This rotation of the npper trnnk, in eombination with 
the rotation permitted in the eervieal region and that at the 
atlanto-axial joints, enables the torsion of the axial skeleton 
that oeenrs as one looks baek over the shonlder. However, flex- 
ion is limited in the thoraeie region, inelnding lateral flexion. 

Curvatures of Vertebral Column 

The vertebral eolnmn in adnlts has fonr enrvatnres that 
oeenr in the eervieal, thoraeie, Inmbar, and saeral regions 
(Fig. 4.23). The thoraeie and saeral kyphoses (singnlar = 
kyphosis) are eoneave anteriorly, whereas the eervieal and 
lumhar lordoses (singnlar = lordosis) are eoneave poste- 
riorly. When the posterior snrfaee of the trnnk is observed, 
espeeially in a lateral view, the normal enrvatnres of the ver- 
tebral eolnmn are espeeially apparent (Fig. 4.24). 

The thoraeie and saeral kyphoses are primary curva- 
tures that develop dnring the fetal period in relationship 


\ \\exion 


Extension 
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FIGITRE 4.22. Movements of vertebral column. A. Flexion 
and extension, both in the median plane, are shovvn. Flexion 
and extension are occurring primarily in the eervieal and 
lumbar regions. B. Lateral fìexion (to the right or left in a 
frontal plane) is shovvn, also occurring mostly in the eervi- 
eal and lumbar regions. C. Rotation around a longitudinal 
axis, v\/hich occurs primarily at the eraniovertebral joints 
(augmented by the eervieal region) and the thoraeie region, 
is shovvn. 
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Curvatures: 

eervieal (2°) 

Thoraeie (1°) 

Lombar (2°) 
Saeral (1°) 



Adult 



4 years Nevvborn Fetus 


FIGIJRE 4.23. Curvatures of vertebral column. The four curvatures of 
the adult vertebral column—eervieal, thoraeie, lumbar, and saeral—are 
eontrasted vvith the C-shaped curvature ofthe column duringfetal life, 
vvhen only the primary (7°) curvatures exist. The seeondary (2°) curvatures 
develop during infaney and ehildhood. 


to the (flexed) fetal position (Moore et al., 2012). Gompare 
the enrvatnres in Fignre 4.23, noting that the primaiy enrva- 
tnres are in the same direetion as the main enrvatnres of the 
fetal vertebral eolnmn. The primaiy enrvatnres are retained 
thronghont life as a consequenee of differenees in height 
betvveen the anterior and posterior parts of the vertebrae. 

The eervieal and Inmbar lordoses are seeondary enrva- 
tnres that resnlt from extension from the flexed fetal posi- 
tion. They begin to appear dnring the late fetal period bnt do 
not beeome obvions nntil infaney. Seeondary enrvatnres are 
maintained primarily by differenees in thiekness betvveen the 
anterior and the posterior parts of the IV dises. 

The eervieal lordosis beeomes fnlly evident when an infant 
begins to raise (extend) the head while prone and to hold 
the head ereet while sitting. The Inmhar lordosis beeomes 
apparent when toddlers begin to assnme the npright postnre, 
standing and walking. This enrvatnre, generally more pro- 
nonneed in females, ends at the inmhosaeral angle formed 
at the jnnetion of L5 vertebra with the saernm (Fig. 4.1D). 
The saeral kyphosis also differs in males and females, that of 
the female redneed so that the coccyx protrndes less into the 
pelvie ontlet (see Ghapter 3). 

The enrvatnres of the vertebral eolnmn provide additional 
flexibility (shoek-absorbing resilienee), fnrther angmenting 
that provided by the IV dises. When the load borne by the 
vertebral eolnmn is markedly inereased (as by earrying a 
heavy baekpaek), both the IV dises and the flexible enrva- 
tnres are eompressed (i.e., the enrvatnres tend to inerease). 

While the flexibility provided by the IV dises is pas- 
sive and limited primarily by the zygapophysial joints and 
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FIGIJRE 4.24. Surface anatomy of curvatures of vertebral column. 


longitndinal ligaments, that provided by the enrvatnres is 
aetively (dynamieally) resisted by the eontraetion of mnsele 
gronps antagonistie to the movement (e.g., the long extensors 
of the baek resist excessive thoraeie kyphosis, whereas the 
abdominal flexors resist excessive Inmbar lordosis). 

Garrying additional weight anterior to the body’s normal 
gravitational axis (e.g., abnormally large breasts, a pendn- 
lons abdomen in men or dnring late pregnaney, or earrying 
a yonng ehild) also tends to inerease these enrvatnres. The 
mnseles that provide resistanee to the inerease in enrvatnre 
often aehe when the weight is borne for extended periods. 

When sitting, espeeially in the absenee of baek snpport for 
long periods of time, one nsnally “eyeles” between baek flex- 
ion (slnmping) and extension (sitting up straight) to minimize 
stiffness and fatigne. This allows alternation between the 
aetive snpport provided by the extensor mnseles of the baek 
and the passive resistanee to flexion provided by ligaments. 
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Vasculature of Vertebral Column 

Vertebrae are supplied hy periosteal and equatorìal hranehes 
of the major eervieal and segmental arterìes and their spìnal 
branehes (Fig. 4.25). Parent arteries of periosteal, equato- 
rial, and spinal branehes oeenr at all levels of the vertebral 
eolnmn, in elose assoeiation with it, and inelude the following 
arteries (deseribed in detail in other ehapters): 

• Vertehral and aseending eervieal arteries in the neek 
(ehapter 8). 

• The major segmental arteries of the trnnk: 

• Posterior intereostal arteries in the thoraeie region 
(ehapter 1). 

• Snheostal and Inmhar arteries in the abdomen (Chap- 
ter 2). 

• Iliolnmhar and lateral and medial saeral arteries in the 
pelvis (ehapter 3). 
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Periosteal and equatorial branehes arise from these 
arteries as they eross the extemal (anterolateral) snrfaees of the 
vertebrae. Spinal branehes enter the IV foramina and divide. 
Smaller anterior and posterior vertebral eanal branehes 
pass to the vertebral body and vertebral areh, respeetively, 
and give rise to aseending and deseending branehes that 
anastomose with the spinal eanal branehes of adjaeent levels 
(Fig. 4.25). Anterior vertebral eanal branehes send nntrient 
arteries anteriorly into the vertebral bodies that supply most 
of the red marrow of the eentral vertebral body (Bogduk, 
2012). The larger branehes of the spinal branehes eontinne 
as terminal radienlar or segmental mednllary arteries distrib- 
nted to the posterior and anterior roots of the spinal nerves 
and their eoverings and to the spinal eord, respeetively (see 
“Vasenlatnre of Spinal Cord and Spinal Nerve Roots,” p. 501). 


FIGIJRE 4.25. Blood supply of vertebrae. Typieal vertebrae are supplied by 
segmental arteries—here lumbar arteries. In the thoraeie and lumbar regions, 
eaeh vertebra is eneireled on three sides by paired intereostal or lumbar 
arteries that arise from the aorta. The segmental arteries supply equatorial 
branehes to the vertebral body, and posterior branehes supply the vertebral 
areh structures and the baek muscles. Spinal branehes enter the vertebral 
eanal through the IV foraminato supplythe bones, periosteum, ligaments, 
and meninges that bound the epidural spaee and radicular or segmental med- 
ullary arteries that supply nervous tissue (spinal nerve roots and spinal eord). 

Spinal veins form venons plexuses along the vertebral 
eolnmn both inside and ontside the vertebral eanal. These 
plexuses are the intemal vertebral venons plexuses (epi- 
dnral venons plexuses) and extemal vertebral venous plex- 
uses, respeetively (Fig. 4.26). These plexuses eommnnieate 
throngh the intervertebral foramina. Both plexuses are densest 
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FIGIJRE 4.26. Venous drainage of vertebral column. A. The venous drainage parallels the arterial supply and enters the external and internal vertebral 
venous plexuses. There is also anterolateral drainage from the external aspeets of the vertebrae into segmental veins. B. The dense plexus of thin-vvalled vessels 
vvithin the vertebral eanal, the internal vertebral venous plexuses, eonsists of valveless anastomoses between anterior and posterior longitudinal venous sinuses. 
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anteriorly and posteriorly and relatively sparse laterally. The 
large, tortnons basivertebral veins form within the verte- 
bral bodies. They emerge from foramina on the snrfaees of 
the vertebral bodies (mostly the posterior aspeet) and drain 
into the anterior external and espeeially the anterior internal 
vertebral venons plexuses, whieh may form large longitndinal 
sinnses. The intervertebral veins reeeive veins from the spi- 
nal eord and vertebral venons plexuses as they aeeompany the 
spinal nerves throngh the IV foramina to drain into the verte- 
hral veins of the neek and segmental iintereostal, Inmhar, and 
saeral) veins of the trnnk (Figs. 4.26A and 4.27). 


Nerves of Vertebral Column 

Other than the zygapophysial joints (innervated by artien- 
lar hranehes of the medial hranehes of the posterior rami, as 
deseribed with these joints), the vertebral eolnmn is inner- 
vated by (reenrrent) meningeal branehes of the spi- 
nal nerves (Fig. 4.27). These small branehes are the only 
branehes to arise from the mixed spinal nerve, arising imme- 
diately after it is formed and before its division into anterior 
and posterior rami, or from the anterior ramns immediately 
after its formation. 
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FIGIJRE 4.27. Innervatìon of perìosteum and ligaments of vertebral column and of meninges. Except for the zygapophysial joints and external elements 
ofthe vertebral areh, the fibroskeletal structures ofthe vertebral column (and the meninges) are supplied by the (recurrent) meningeal nerves. Although usually 
omitted from diagrams and illustrations of spinal nerves, these fine nerves are the first branehes to arise from all 31 pairs of spinal nerves and are the nerves 
that initially eonvey loealized pain sensation from the baek produced by acute herniation ofan IV dise orfrom sprains, contusions, fractures, ortumors ofthe 
vertebral column itself. (Based on Friek H, Kummer B, Putz R. Wolf-Heideggers atlas ofh^mein aneitomy, 4th ed. Basel: Karger AG, 1990:476.) 
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Two to four of these fìne meningeal branehes arise on 
eaeh side at all vertebral levels. Glose to their origin, the 
meningeal branehes reeeive communicating branehes from 
the nearby gray rami eommnnieantes. As the spinal nerves 
exit the IV foramina, most of the meningeal branehes run 
baek throngh the foramina into the vertebral eanal (henee 
the alternate term reenrrent). However, some branehes 
remain ontside the eanal and are distribnted to the antero- 
lateral aspeet of the vertebral bodies and IV dises. They also 
supply the periosteum and espeeially the anuli fìbrosi and 
anterior longitndinal ligament. Inside the vertebral eanal, 
transverse, aseending, and deseending branehes distribnte 
nerve fìbers to the: 


• Periostenm (eovering the snrfaee of the posterior verte- 
bral bodies, pedieles, and laminae). 

• Ligamenta fìava. 

• Anuli fìbrosi of the posterior and posterolateral aspeet of 
the IV dises. 

• Posterior longitndinal ligament. 

• Spinal dura mater. 

• Blood vessels within the vertebral eanal. 

Nerve fìbers to the periostenm, anuli fìbrosi, and liga- 
ments supply pain reeeptors. Those to the anuli fìbrosi and 
ligaments also supply reeeptors for proprioeeption (the sense 
of one’s position). Sympathetie fìbers to the blood vessels 
stimnlate vasoeonstrietion. 


VERTEBRAL COLUMN 


Aging of Intervertebral Dìses 

With advaneing age, the nuclei pulposi dehydrate 
and lose elastin and proteoglyeans while gaining 



eollagen. As a result, the IV dises lose their turgor, 
beeoming stiffer and more resistant to deformation. As the 
nucleus dehydrates, the two parts of the dise appear to merge 
as the distinetion between them beeomes inereasingly dimin- 
ished. With advaneing age, the nucleus beeomes dry and 
grannlar and may disappear altogether as a distinet forma- 
tion. As these ehanges occur, the anulus fìbrosis assumes an 
inereasingly greater share of the vertieal load and the stresses 
and strains that eome with it. The lamellae of the anulus 
thieken and often develop fìssnres and eavities. 

Althongh the margins of adjaeent vertebral bodies may 
approaeh more elosely as the snperior and inferior snrfaees 
of the body beeome shallow eoneavities (the most prob- 
able reason for slight loss of height with aging), it has been 
shown that the intervertebral dises inerease in size with age. 
Not only do they beeome inereasing convex but, between 
the ages of 20 and 70, their anteroposterior (AP) diameter 
inereases about 10% in females and 2% in males, while thiek- 
ness (height) inereases eentrally about 10% in both sexes. 
Overt or marked dise narrowing, espeeially when it is greater 
than that of more snperiorly loeated dises, snggests pathol- 
ogy, not normal aging (Bogduk, 2012). 

Hernìation of Nnelens Pnlposns 

Herniation (protrnsion) of the gelatinons nucleus 
pulposus into or throngh the anulus fìbrosus is a well- 
reeognized cause of lower baek pain (LBP) and lower 
limb pain (Fig. B4.11A & C). However, there are many other 
causes of LBP; firrthermore, hemiations are often eoineidental 
fìndings in asymptomatie individnals. 

The IV dises in young persons are strong—usually so strong 
that the vertebrae often fraetnre during a fall before the dises 



rupture. Furthermore, the water eontent of their nuclei pulposi 
is high (approaehing 90%), giving them great turgor (firllness). 
However, violent hyperfìexion of the vertebral column may 
rupture an IV dise and fraetnre the adjaeent vertebral bodies. 

Flexion of the vertebral column prodnees eompression 
anteriorly and stretehing or tension posteriorly, squeezing 
the nucleus pulposus firrther posteriorly toward the thinnest 
part of the anulus fìbrosus. If the anulus fìbrosus has degen- 
erated, the nucleus pulposus may herniate into the vertebral 
eanal and eompress the spinal eord (Fig. B4.11.A & B) or 
the nerve roots of the cauda equina (Fig. B4.11A & C). A 
herniated IV dise is inappropriately ealled a “slipped dise” 
by some people. 

Herniations of the nucleus pulposus usually extend pos- 
terolaterally, where the anulus fìbrosus is relatively thin, and 
does not reeeive snpport from either the posterior or the 
anterior longitndinal ligaments. A posterolateral herniated 
IV dise is more likely to be symptomatie beeanse of the prox- 
imity of the spinal nerve roots. The loealized haek pain of a 
herniated dise, which is nsnsíly aente pain, resnlts from pres- 
sure on the longitndinal ligaments and periphery of the anu- 
lus fìbrosus and from loeal infìammation caused by ehemieal 
irritation by snbstanees from the mptnred nucleus pulposus. 
ehronie pain resulting from eompression of the spinal nerve 
roots by the herniated dise is usually referred pain, pereeived 
as eoming from the area (dermatome) snpplied by that nerve. 
Beeanse the IV dises are largest in the lumbar and lumbo- 
saeral regions, where movements are consequently greater, 
posterolateral herniations of the nucleus pulposus are most 
eommon here (Fig. B4.11B). 

Approximately 95% of Inmhar dise protrnsions occur 
at the L4-L5 or L5-S1 levels. The marked deerease in 
the radiographie intervertebral spaee (i.e., in dise height) 
that may occur as a result of acute herniation of a nucleus 
pulposus may also result in narrowing of the IV foramina, 
perhaps exacerbating the eompression of the spinal nerve 
roots, espeeially if hypertrophy of the surrounding bone has 
also oeenrred. Beeanse the nucleus beeomes inereasingly 
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FIGITRE B4.11. Herniation ofnucieus puiposus. A. Right half of hemiseeted lumbosacral joint and median MRI of lumbosacral region. B. Inferior vievvs, 
transverse seetion and transverse MRI of herniated IV dise C. Posterior vievv, cauda equina. The arrovvs in the MRIs are indieating herniations. 


dehydrated and fibrons, or even grannlar or solid with aging, 
a diagnosis of aente herniation in advaneed years is regarded 
with snspieion. It is more likely that the nerve roots are being 
eompressed by inereased ossifieation of the IV foramen as 
they exit. 

Aente middle and low baek pain, may be eansed by a mild 
posterolateral protrnsion of a Inmbar IV dise at the L5-S1 
level that affeets noeieeptive (pain) endings in the region, 
sneh as those assoeiated with the posterior longitndinal liga- 
ment. The elinieal pietnre varies eonsiderably, bnt pain of 
aente onset in the lower baek is a eommon presenting symp- 
tom. Beeanse mnsele spasm is assoeiated with low baek pain, 
the Inmbar region of the vertebral eolnmn beeomes tense 
and inereasingly eramped as relative isehemia oeenrs, eans- 
ing painfnl movement. 

Seiatiea, pain in the lower baek and hip radiating down 
the baek of the thigh into the leg, is often eansed by a herni- 
ated Inmbar IV dise that eompresses and eompromises the 
L5 or S1 eomponent of the seiatie nerve (Fig. 4.11C). The IV 
foramina in the Inmbar region deerease in size and the Inm- 
bar nerves inerease in size, which may explain why seiatiea 
is so eommon. Bone spnrs (osteophytes) developing aronnd 
the zygapophysial joints or the posterolateral margins dnring 
aging may narrow the foramina even more, eansing shooting 
pains down the lower limbs. Any manenver that stretehes the 


seiatie nerve, sneh as fiexing the thigh with the knee extended 
{straight leg-raising test), may prodnee or exacerbate (bnt in 
some individnals relieves) seiatie pain. 

IV dises may also be damaged by violent rotation (e.g., 
dnring a golf swing) or fiexing of the vertebral eolnmn. The 
general rnle is that when an IV dise protrndes, it nsnally 
eompresses the nerve root nnmbered one inferior to the 
herniated dise; for example, the L5 nerve is eompressed 
by an L4-L5 IV dise herniation. Beeall that in the thoraeie 
and Inmbar regions the IV dise forms the inferior half of the 
anterior border of the IV foramen and that the snperior half 
is formed by the bone of the body of the snperior vertebra 

(Fig. 4.14). 

The spinal nerve roots deseend to the IV foramen from 
which the spinal nerve formed by their merging will exit. The 
nerve that exits a given IV foramen passes throngh the snpe- 
rior bony half of the foramen and thns lies above and is not 
affeeted by a herniating dise at that level. However, the nerve 
roots passing to the IV foramen immediately and farther 
below pass direetly aeross the area of herniation. Symptom- 
prodneing IV dise protrnsions oeenr in the eervieal region, 
almost as often as in the Inmbar region. 

ehronie or sndden foreible hyperflexion of the eervieal 
region, as might oeenr dnring a head-on eollision or dnring 
illegal head bloeking in football (Fig. B4.12) for example. 
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FIGURE B4.12. 

may mpture the IV dise posteriorly without fracturing the 
vertebral body. In this region, the IV dises are eentrally 
plaeed in the anterior border of the IV foramen, and a herni- 
ated dise eompresses the nerve aetnally exiting at that level 
(rather than the level below as in the Inmbar region). 


However, reeall that eervieal spinal nerves exit snperior to 
the vertebra of the same nnmber, so the nnmerieal relation- 
ship of herniating dise to nerve affeeted is the same (e.g., the 
eervieal IV dises most eommonly mptnred are those between 
C5-C6 and C6-C7, eompressing spinal nerve roots C6 and C7, 
respeetively). Cervical IV dise protmsions resnlt in pain in the 
neek, shonlder, arm, and hand. Any sport or aetivity in which 
movement eanses downward or twisting pressnre on the neek 
or lower baek may prodnee herniation of a nucleus pulposus. 



Fracture of Dens of Axis 

The transverse ligament of the atlas is stronger than 
the dens of the C2 vertebra. Fraetnres of the dens 
make up about 40% of fractures of the axis. The 
most eommon dens fraetnre oeenrs at its base—that is, at its 
jnnetion with the body of the axis (Fig. B4.13A). Often these 
fraetnres are nnstable (do not rennite) beeanse the trans- 
verse ligament of the atlas beeomes interposed between frag- 
ments (Crockard et al., 1993) and beeanse the separated 
fragment (the dens) no longer has a blood snpply, resnlting in 
avasenlar neerosis (G., death). Almost as eommon are frae- 
tures of the vertebral body inferior to the base of the dens 
(Fig. B4.13B-E). This type of fraetnre heals more readily 
beeanse the fragments retain their blood snpply. Other dens 
fraetnres resnlt from abnormal ossifieation patterns. 



(A) Anterior views 



(B) Open mouth radiograph (eompare with (C) Lateral radiograph of fracture (f) 

Figure 4.6E) of base of dens (d) 



(D) eoronal CT sean 




ífXí7 

Al 


(E) Median CT sean 



FIGURE B4.13. Fractures of dens of axis (C2). 
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Rupture of Transverse Ligament 
of Atlas 

When the transverse ligament of the atlas rnptnres, 
the dens of the axis is set free, resnlting in atlanto- 
axial suhluxation —ineomplete disloeation of the 
median atlanto-axial joint (Fig. B4.14A). Pathologieal soften- 
ing of the transverse and adjaeent ligaments, nsnally resnlt- 
ing from disorders of eonneetive tissne, may also eanse 
atlanto-axial subluxation (Bogdnk and Maeintosh, 1984); 
20% of people with Down syndrome exhibit laxity or agenesis 
of this ligament. Disloeation owing to transverse ligament 
rnptnre or agenesis is more likely to eanse spinal eord eom- 
pression than that resnlting from fraetnre of the dens 
(Fig. B4.14B). In this fraetnre, the dens fragment is held in 
plaee against the anterior areh of the atlas by the transverse 
ligament, and the dens and atlas move as a nnit. 

In the absenee of a eompetent ligament, the npper eer- 
vieal region of the spinal eord may be eompressed between 
the approximated posterior areh of the atlas and the dens 
(Fig. B4.14A), eansingparalysis of allfonrlimbs {gnadriplegia), 
or into the mednlla of the brainstem, resnlting in death. Steeles 
Rule ofThirds: Approximately one third of the atlas ring is oeen- 
pied by the dens, one third by the spinal eord, and the remain- 
ing third by the flnid-filled spaee and tissnes snrronnding the 
eord (Fig. B4.14C & D). This explains why some people with 
anterior displaeement of the atlas may be relatively asymptom- 
atie nntil a large degree of movement (greater than one third 
of the diameter of the atlas ring) oeenrs. Sometimes inflam- 
mation in the eraniovertebral area may prodnee softening 


of the ligaments of the eraniovertebral joints and eanse disloea- 
tion of the atlanto-axial joints. Sndden movement of a patient 
from a bed to a ehair, for example, may prodnee posterior dis- 
plaeement of the dens of the axis and injnry to the spinal eord. 

Rupture of Alar Ligaments 

The alar ligaments are weaker than the transverse 
ligament of the atlas. Consequently, eombined flexion 
and rotation of the head may tear one or both alar 
ligaments. Rupture of an alar ligament resnlts in an inerease 
of approximately 30% in the range of movement to the eontra- 
lateral side (Dvorak et al., 1988). 

Fractures and Dìsloeations 
of Vertebrae 

Althongh the eonstrnetion of the vertebral eolnmn 
permits a eonsiderable amonnt of movement as well 
as snpport and proteetion, exeessive or sndden violent 
movement or movement of a type not permitted in a speeifie 
region is likely to resnlt in fraetnres, disloeations, and fraetnre- 
disloeations of the vertebral eolnmn. 

Sndden foreefnl flexion, as oeenrs in antomobile aeeidents or 
from a violent blow to the baek of the head, eommonly prodnees 
a erash or eompression fraetnre of the body of one or more ver- 
tebrae. If violent anterior movement of the vertebra oeenrs in 
eombination with eompression, a vertebra may be displaeed ante- 
riorly on the vertebra inferior to it (e.g., disloeation of C6 or C7 
vertebrae) (see the blne box “Disloeation of Cervieal Vertebrae,” 






(A) Left lateral view (B) Left lateral view 



(C) Inferiorview 



Vs Dens (D) 

±V6 Spaee (S) 
Vs Spinal eord (C) 

^ ±V6 Spaee (S) 


(D) Superior view 


FIGIJRE B4.14. Rupture of transverse ligament of atlas. A. This left lateral vievv demonstrates that subluxation of the median atlanto-axial joint results 
from rupture of the transverse ligament. The atlas moves but the dens is fixed. C, spinal eord; D, dens ofaxis. B. This left lateral vievv of a fracture of the dens 
shovvs that the dens and atlas move together as a unit because the transverse ligament holds the dens to the anterior areh of the atlas. C and D. Infe- 
rior vievv of transverse CT sean and interpretive dravving shovving a normal median atlanto-axial joint and demonstrating Steele's Rule ofThirds. 
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p. 457). Usually this displaeement disloeates and fraetures the 
artieular faeets between the two vertebrae and ruptures the 
interspinous ligaments. Irreparable injnries to the spinal eord 
aeeompany most severe flexion injnries of the vertebral column. 

Sudden, foreefnl extension of the neek ean also injure 
the vertebral column and spinal eord. Head bntting or ille- 
gal faee bloeking in football may lead to a hyperextension 
injnry ofthe neek (Fig. B4.15A). Such violent hyperextension 
is most likely to injure posterior parts of the vertebrae, frae- 
turing by crush or eompression of the vertebral arehes and 
their proeesses. Fraetnres of eervieal vertebrae may radiate 
pain to the baek of the neek and seapnlar region beeanse the 
same spinal sensory ganglia and spinal eord segments reeeiv- 
ing pain impnlses from the vertebrae are also involved in sup- 
plying neek mnseles. 

Severe hyperextension of the neek (“whiplash” injury) 
also occurs during rear-end motor vehiele eollisions (Fig. 
B4.15B), espeeially when the head restraint is too low as illus- 
trated. In these types of hyperextension injnries, the anterior 
longitndinal ligament is severely stretehed and may be torn. 

Hyperflexion injury of the vertebral column may also 
occur as the head “rebounds” after the hyperextension, snap- 
ping the head fonvard onto the thorax. “Faeet jnmping” or 
loeking of the eervieal vertebrae may occur because of dis- 
loeation of the vertebral arehes (see the blue box “Disloea- 
tion of Gervieal Vertebrae,” p. 457). Severe hyperextension 
of the head on the upper neek may, in addition to prodneing 
a eervieal spondylolysis or hangman’s fraetnre (see the blue 
box “Fracture and Disloeation of Axis,” p. 459), rupture the 
anterior longitndinal ligament and the adjaeent anulus flbro- 
sus of the C2-C3 IV dise. If this injury occurs, the cranium, 
ei, and the anterior portion (dens and body) of C2 are sepa- 
rated from the rest of the axial skeleton (Fig. B4.15C), and 
the spinal eord is usually severed. Persons with this severe 
injury seldom survive. Football, diving, falls from horses, and 
motor vehiele eollisions cause most fractures of the eervieal 
region of the vertebral column. Symptoms range from vague 
aehes to progressive loss of motor and sensory fnnetions. 

The transition from the relatively inflexible thoraeie region 
to the much more mobile lumbar region occurs abruptly. 
Consequently, vertebrae Tll and espeeially T12 (which par- 
tieipates in rotatory movements snperiorly but only flexion 
and extension movements inferiorly) are the most eommonly 
fraetnred noneervieal vertebrae. 

Disloeation of vertebrae in the thoraeie and lumbar 
regions is nneommon beeanse of the interloeking of their 
artienlar proeesses. However, when spondylolysis —fraetnre 
of the column of bones eonneeting the snperior and inferior 
artienlar proeesses (the pars interartienlans, or interartienlar 
part)—occurs, the interloeking meehanism is broken (Fig. 
B4.16A-C). Subsequently, disloeation between adjaeent 
vertebrae, known as spondylolisthesis, may occur. Failure 
or fracture of the interarticular parts of the vertebral lami- 
nae of L5 (spondylolysis of L5) espeeially may result in 
spondylolisthesis of the L5 vertebral body relative to the sacrum 
(S1 vertebra) due to the downward tilt of the L5/S1 IV 



Fracture of posterior areh- 

elements (pediele, spine) 

Crush or eompression fracture 
Intervertebral dise injury 


(A) Hyperextension of neek 




“Tear drop” fracture- 

and disloeation of vertebrae 


Torn anterior- 

longitudinal ligament 


r 




J 


(B) Hyperextension (vvhiplash) injury 




(C) Hangman's fracture with disruption of C2/C3 dise and 
anterior longitudinal ligament 


FIGITRE B4.15. Extension injuries of eervieal vertebrae. 
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Pediele 

Pars interarticularis (neek) 

Superior articular proeess 

Inferior articular proeess 
Transverse proeess 

Broken neek at “Seotty dog” 
indieates spondylolysis 



(A) Left posterolateral 
oblique view 


(B) Transverse CT 


Superior articular proeess (ear) 


Pediele (eye) 


Transverse proeess (nose) 


Pars interarticularis (neek) 



Inferior articular proeess (front leg) 


Lamina (body) 
Spinous proeess (tail) 

Gontralateral inferior 
articular proeess 
(hind leg) 


(C) “Seotty dog sign” in posterolateral oblique view of lumbar vertebra 





(D) Median MRI, spondylolisthesis seeondary to 
spondylolysis of L5 

FIGITRE B4.16. Spondylolysis and spondylolisthesis. 
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joint (Fig. B4.16D). Most agree that spondylolysis of L5, or 
snseeptibility to it, probably resnlts from a failnre of the een- 
trnm of L5 to nnite adequately with the nenral arehes at the 
nenroeentral joint dnring development (see “Ossifieation of 
Vertebrae,” p. 453). Spondylolisthesis at the L5-S1 IV joint 
may (bnt does not neeessarily) resnlt in pressnre on the spi- 
nal nerves of the eanda equina as they pass into the snperior 
part of the saernm, eansing lower baek and lower limb pain. 


Injury and Disease 
of Zygapophysìal Joints 



The zygapophysial joints are of elinieal interest 
beeanse they are elose to the IV foramina throngh 
whieh the spinal nerves emerge from the vertebral 
eanal. When these joints are injnred or develop osteophytes 
(osteoarthritis), the spinal nerves are often affeeted (see Fig. 
B4.9B). This eanses pain along the distribntion patterns of 
the dermatomes and spasm in the mnseles derived from the 
assoeiated myotomes. A myotome eonsists of all mnseles or 
parts of mnseles reeeiving innervation from one spinal nerve. 

Denervation of Inmhar zygapophysialjoints is a proeednre 
nsed for treatment of baek pain eansed by disease of these 
joints. The nerves are seetioned near the joints or are destroyed 
hy rsidìo{Yeq[iency perentaneons rhizolysis (G. rhiza, root + G. 
lysis, dissolntion). The denervation is direeted at the artienlar 
branehes of two adjaeent posterior rami of the spinal nerves 
beeanse eaeh joint reeeives innervation from both the nerve 
exiting at that level and the snperjaeent nerve (Fig. 4.19). 


Baek Pain 



Baek pain in general, and lower baek pain in par- 
tienlar, is an immense health problem, seeond only 
to the eommon eold as a reason people visit their 
doetors. In terms of health faetors eansing lost work days, 
baekaehe is seeond only to headaehe. The anatomieal bases 
for the pain, espeeially the nerves initially involved in sensing 
and earrying pain from the vertebral eolnmn itself, are rarely 
deseribed. 

Five eategories of strnetnres reeeive innervation in the 
baek and ean be sonrees of pain: 


• Fibroskeletal strnetnres: periostenm, ligaments, and annli 
fibrosi of IV dises. 

• Meninges: eoverings of the spinal eord. 

• Synovial joints: eapsnles of the zygapophysial joints. 

• Mnseles: intrinsie mnseles of the baek. 

• Nervons tissne: spinal nerves or nerve roots exiting the IV 
foramina. 


Of these, the first two are innervated by (reenrrent) 
meningeal branehes of the spinal nerves and the next two 
are innervated by posterior rami (artienlar and mnsenlar 
branehes). Pain from nervons tissne—that is, eansed by eom- 
pression or irritation of spinal nerves or nerve roots—is typi- 
eally referred pain, pereeived as eoming from the entaneons 
or snbentaneons area (dermatome) snpplied by that nerve 


(see the blne box “Herniation of Nnelens Pnlposns,” p. 474), 
bnt it may be aeeompanied by loealized pain. 

Pain related to the meninges is relatively rare and is dis- 
enssed later in this ehapter; it is generally not eonsidered to 
be a faetor in baek pain. 

Loealized lotoerhaek pain (LBF) (pain pereeived as eoming 
from the baek) is generally mnsenlar, joint, or fibroskeletal pain. 
Mnsenlarpain is nsnally related to refiexive eramping (spasms) 
prodneing isehemia, often seeondarily as a resnlt of gnarding 
(eontraetion of mnseles in antieipation of pain). Zygapophysial 
joint pain is generally assoeiated with aging (osteoarthritis) or 
disease (rhenmatoid arthritis) of the joints. Pain from vertebral 
fraetnres and disloeations is no different than that from other 
bones and joints: The sharp pain following a fraetnre is mostly 
periosteal in origin, whereas pain from disloeations is ligamen- 
tons. The aente loealized pain assoeiated with an IV dise hemi- 
ation nndonbtedly emanates from the disrnpted posterolateral 
annlns fibrosis and impingement on the posterior longitndinal 
ligament. Pain in all of these latter instanees is eonveyed ini- 
tially by the meningeal branehes of the spinal nerves. 

Abnormal Curvatures 
of Vertebral Column 

To deteet an ahnormal enrvatnre of the vertehral 
eolnmn, have the individnal stand in the anatomieal 
position. Inspeet the profile of the vertebral eolnmn 
from the person’s side (Fig. B4.17A-G) and then from the pos- 
terior aspeet (Fig. B4.17D). With the person bending over, 
observe the ability to fiex direetly fonvard and whether the baek 
is level onee the fiexed position is assnmed (Fig. B4.17E). 

Abnormal enrvatnres in some people resnlt from devel- 
opmental anomalies; in others, the enrvatnres resnlt from 
pathologieal proeesses. The most prevalent metabolie dis- 
ease of bone oeenrring in the elderly, espeeially in women, is 
osteoporosis (atrophy of skeletal tissne). 

Exeessive thoraeie kyphosis (elinieally shortened to kypho- 
sis, althongh this term aetnally applies to the normal enrva- 
tnre, and colloquially known as hnmphaek or hnnehhaek) is 
eharaeterized by an abnormal inerease in the thoraeie enrvatnre; 
the vertebral eolnmn enrves posteriorly (Fig. B4.17B & F). 
This abnormality ean resnlt from erosion (dne to osteoporo- 
sis) of the anterior part of one or more vertebrae. Dotvagers 
hump is a colloquial name for excessive thoraeie kyphosis in 
older women resnlting from osteoporosis. However, this type 
of kyphosis also oeenrs in elderly men (Swartz, 2009). 

Osteoporosis espeeially affeets the horizontal trabeenlae 
of the trabeenlar bone of the vertebral body (Fig. 4.3). The 
remaining, nnsnpported vertieal trabeenlae are less able 
to resist eompression and snstain eompression fraetnres, 
resnlting in short and wedge-shaped thoraeie vertebrae 
(Fig. B4.9A). Progressive erosion and eollapse of vertebrae 
also resnlt in an overall loss of height. The excessive kyphosis 
leads to an inerease in the AP diameter of the thorax and a 
signifieant rednetion in dynamie pnlmonary eapaeity. 

Excessive Inmhar lordosis (elinieally shortened to lordosis, 
althongh onee again this term aetnally deseribes the normal 
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curvature; colloquially, excessive lumbar lordosis is known 
as holloio haek or sioay haek) is eharaeterized by an anterior 
tilting of the pelvis (the npper saernm is flexed or rotated 
antero-inferiorly— nntation), with inereased extension of the 
Inmbar vertebrae, prodneing an abnormal inerease in the 
Inmbar kyphosis (Fig. B4.17C). 

This abnormal extension deformity is often assoeiated with 
weakened trunk musculature, espeeially the anterolateral 
abdominal mnseles. To eompensate for alterations to their 
normal line of gravity, women develop a temporary excessive 
Inmbar lordosis dnring late pregnaney. This lordotie curva- 
ture may eause lower baek pain, but the diseomfort normally 
disappears soon after ehildbirth. 

Obesity in both sexes ean also cause excessive lumbar lor- 
dosis and lower baek pain beeanse of the inereased weight 
of the abdominal eontents (e.g., “potbelly”) anterior to the 


normal line of gravity. Loss of weight and exercise of the 
anterolateral abdominal mnseles faeilitate eorreetion of this 
type of exeessive lordosis. 

Seoliosis (G., erookedness or enrved baek) is eharaeter- 
ized by an ahnormal lateral enrvatnre that is aeeompanied by 
rotation of the vertebrae (Fig. B4.17D, E, & G). The spinons 
proeesses turn toward the eavity of the abnormal curvature, 
and when the individnal bends over, the ribs rotate posteri- 
orly (protrnde) on the side of the inereased eonvexity. 

Deformities of the vertebral eolnmn, sueh as failure of 
half of a vertebra to develop (hemivertehra) are eauses of 
strnetnral seoliosis. Sometimes a structural seolioses is 
eombined with exeessive thoraeie kyphosis— kyphoseolio- 
sis —in which an abnormal AP diameter prodnees a severe 
restrietion of the thorax and lung expansion (Swartz, 2009). 
Approximately 80% of all struetural seolioses are idiopathie. 



(A) Normal (B) Excessive (C) Excessive (D) Normal Seoliosis 

kyphosis lordosis 



(E) Normal Seoliosis 



(F) Right lateral view, excessive kyphosis (G) Posterior views, thoracolumbar seoliosis 


FIGIJRE B4.17. Abnormal curvatures of vertebral column. 
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occurring without other assoeiated health eonditions or an 
identifíable eause. Idiopathie seoliosis fírst develops in girls 
between the ages of 10 and 14 and in boys between the ages 
of 12 and 15. It is most eommon and severe among females. 

Problems extrinsic to a structurally normal vertebral eol- 
umn, such as asymmetrieal weakness of the intrinsie baek 
mnseles {myopathie seolìosìs), or a differenee in the length of 
the lower limbs with a eompensatory pelvie tilt, may lead to 


SLfnnetional seoliosis. When a person is standing, an obvions 
inelination or listing to one side may be a sign of seoliosis that 
is seeondary to a herniated IV dise. Hahit seoliosis is snppos- 
edly eansed by habitnal standing or sitting in an improper 
position. When the seoliosis is entirely postnral, it disappears 
dnring maximum fíexion of the vertebral eolnmn. Fnnetional 
seolioses do not persist onee the nnderlying problem has 
been effeetively treated. 


MUSCLES OF BACK 


Most body weight lies anterior to the vertebral eolnmn, 
espeeially in obese people; consequently, the many strong 
mnseles attaehed to the spinons and transverse proeesses of 
the vertebrae are neeessary to snpport and move the eolnmn. 

There are two major gronps of mnseles in the baek. The 
extrinsic baek mnseles inelnde snperfieial and intermedi- 
ate mnseles that prodnee and eontrol limb and respiratory 
movements, respeetively. The intrinsie (deep) haek mnseles 
inelnde mnseles that speeifíeally aet on the vertebral eolnmn, 
prodneing its movements and maintaining postnre. 

Extrinsic Baek Mnseles 

The snperfieial extrinsic baek mnseles (trapezins, latis- 
simus dorsi, levator scapulae, and rhomboids) are pos- 
terior axio-appendicular muscles that eonneet the axial 
skeleton (vertebral eolnmn) with the snperior appen- 
dienlar skeleton (peetoral girdle and humerus) and pro- 
duce and eontrol limb movements (Fig. 4.28A; see also 
Table 6.4, p. 700). Althongh loeated in the baek region. 


for the most part these mnseles reeeive their nerve sup- 
ply from the anterior rami of eervieal nerves and aet on the 
upper limb. The trapezius reeeives its motor fíbers from a 
eranial nerve, the spinal aeeessory nerve (CN XI). 

The intermediate extrinsic baek mnseles (serratns 
posterior) are thin mnseles, eommonly designated as super- 
fíeial respiratory muscles, but are more likely proprioeeptive 
rather than motor in hmetion (Vilensky et al., 2001). They are 
deseribed with mnseles of the thoraeie wall (see Ghapter 1). 
The serratns posterior snperior lies deep to the rhomboid 
mnseles, and the serratns posterior inferior lies deep to 
the latissimns dorsi. Both serratns mnseles are innervated by 
intereostal nerves, the snperior by the fírst four intereostals 
and the inferior by the last four. 

intrìnsie Baek Mnseles 

The intrinsie baek mnseles {mnseles of haek proper, deep 
haek mnseles) are innervated by the posterior rami of spinal 
nerves and aet to maintain postnre and eontrol movements of 
the vertebral eolnmn (Figs. 4.28B and 4.29). These mnseles, 
which extend from the pelvis to the eraninm, are enelosed 


The Bottom Lìne 


VERTEBRAL COLUMN 

Joìnts of vertebral eolnmn: Vertebrae arejoined to form a 
semirigid column by IV dises and zygapophysial Joints. ♦ The 
relative thiekness of the dises determines the degree of mobil- 
ity. ♦ The disposition of the zygapophysial Joints eontrols the 
type of movement between adjaeent vertebrae. ♦ The anterior 
longitudinal ligament resists hyperextension; all other liga- 
ments resist forms offlexion. ♦ The atlanto-oeeipital Joints 
enable the “yes” (nodding) movement of the head. ♦ The 
atlanto-axial Joints enable the “no” (rotational) movement of 
the head. Alar ligaments limit rotation. 

Movements of vertebral column: The eervieal and 
lumbar regions are most mobile (and consequently most 
vulnerable to injury). ♦ Flexion and extension occur primarily 
in the eervieal and lumbar regions. ♦ Rotation occurs in the 
eervieal and thoraeie regions. 

Curvatures ofvertebral column: Primary curvatures 
(thoraeie and saeral kyphoses) are developmental; seeondary 


curvatures (eervieal and lumbar lordoses) are acquired in 
relation to the ereet human posture. ♦ The curvatures provide 
shoek-absorbing resilienee and flexibility to the axial skel- 
eton. ♦ Extensors of the baek and abdominal flexors provide 
dynamie support to maintain the curvatures. 

Vasculatures of vertebral column: Spinal branehes of 
the major eervieal and segmental arteries supply the vertebral 
column. ♦ Internal and external vertebral venous plexuses eolleet 
blood from the vertebrae and drain, in turn, into the vertebral 
veins of the neek and the segmental veins of the trunk. 

Nerves ofvertebral column: Zygapophysial Joints are 
innervated by medial branehes of adjaeent posterior rami; 
(recurrent) meningeal branehes of spinal nerves supply 
most bone (periosteum), IV dises, and ligaments as well 
as the meninges (eoverings) of the spinal eord. ♦ These 
two (groups of) nerves eonvey all loealized pain from the 
vertebral column. 




ehapter 4 


Baek 


483 


Deseending (superior) 
part of trapezius 


Levator scapulae 
Rhomboid minor 


Rhomboid major 
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of posterior rami 
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(A) Superficial extrinsic muscles 
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Latissimus dorsi 


Deep muscles of baek 


(B) Inferior view of transverse seetion of posteroiaterai abdominai waii 

FIGIJRE 4.28. Muscles of baek. A. The superficial extrinsic muscles. The trapezius is refìeeted on the left to showthe spinal aeeessory nerve (CN XI), cours- 
ing on its deep surface, and the levator scapulae and rhomboid muscles. B. This transverse seetion of part ofthe baek shows the loeation ofthe intrinsie 
baek muscles and the layers of faseia assoeiated with them. 
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Stemoeleidomastoid 

Splenius eapitis- 

Levator scapulae — 

Splenius eervieis — 
Ilioeostalis eervieis - 


Longissimus thoraeis 


Ilioeostalis thoraeis 


Posterior rami- 

Ilioeostalis lumborum 


Semispinalis eapitis 


Sternoeleidomastoid (SCM) 


Levator scapulae 



Spinalis thoraeis 




Longissimus 




Ilioeostalis 


Superficial layer 
of intrinsie baek 
muscles—ereetor 
spinae 


j 


10th rib 


Aponeurosis of transversus 
abdominis 


Gluteus medius 


Gluteus maximus 


FIGIJRE 4.29. Superfìcìal and ìntermedìate layers of intrinsie baek muscles: splenius and ereetor spinae. The sternoeleidomastoid (SCM) and levator 
scapulae muscles are refìeeted to reveal the splenius eapitis and splenius eervieis muscles. On the right side, the ereetor spinae is undisturbed (in situ) and 
shovvs the three columns ofthis massive muscle. On the left side, the spinalis muscle, the thinnest and most medial of the ereetor spinae columns, is 
displayed as a separate muscle by refìeeting the longissimus and ilioeostalis columns of the ereetor spinae. As they aseend, the direetion of fìbers is dif- 
ferent in the three main groups of muscles: the superfìcial (splenius) muscles run from medial to lateral, the intermediate (ereetor spinae) muscles run 
mostly vertieally, and the deep (transversospinalis) muscles run mainly from lateral to medial (see Fig. 4.32). 


by deepfaseia that attaehes medially to the nuchal ligament, 
the tips of the spinons proeesses of the vertebrae, the snpra- 
spinons ligament, and the median erest of the saernm. The 
faseia attaehes laterally to the eervieal and Inmbar transverse 
proeesses and the angles of the ribs. The thoraeie and Inmbar 
parts of the deep faseia eonstitnte the thoraeolnmhar faseia. 


It extends laterally from the spinons proeesses and forms a 
thin eovering over the intrinsie baek mnseles in the thoraeie 
region and a strong thiek eovering for mnseles in the Inmbar 
region. The intrinsie baek mnseles are gronped into snper- 
fìeial, intermediate, and deep layers aeeording to their rela- 
tionship to the snrfaee. 
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External oeeipital 
protuberance 


Transverse proeess of C1 


Spinous proeess of 


Splenius eervieis 


Nuchal ligament 


Splenius eapitis 



Spinous proeess of T4 


Spinous proeess of T6 


FIGIJRE 4.30. Superficial layer of intrinsie baek muscles (splenius muscles). 


TABLE 4.4. SUPERFICIAL LAYER OFINTRINSIC BACK MUSCLES 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Nerve Supply 

Main Aetion(s) 

Splenius 

Nuchal ligamentand spinous 
proeesses of C7-T6 vertebrae 

Splenius eapitis: fibers run 
superolaterally to mastoid 
proeess of temporal bone 
and lateralthird ofsuperior 
nuchal line of oeeipital bone 
Splenius eervieis: tubercles 
of transverse proeesses of 
Cl-C3 orC4 vertebrae 

Posterior rami of spinal 
nerves 

Aeting alone: laterally flex 
neek and rotate head to side 
of aetive muscles 

Aeting together: extend head 
and neek 


SUPERFICIAL LAYER 

The splenius maseles (L. musculi splenii) are thiek and flat 
and lie on the lateral and posterior aspeets of the neek, eov- 
ering the vertieal mnseles somevvhat like a bandage, which 
explains their name (L. splenion, bandage) (Figs. 4.29 and 
4.30). The splenins mnseles arise from the midline and extend 
snperolaterally to the eervieal vertebrae (splenius eervieis) 
and eraninm (splenius eapitis). The splenins mnseles eover 
and hold the deep neek mnseles in position. The snperfleial 
layer of intrinsie mnseles is illnstrated in Fignre 4.30, and 
information on their attaehments, nerve snpply, and aetions 
is provided in Table 4.4. 

INTERMEDIATE LAYER 

The massive ereetor spinae mnseles lie in a “groove” on 
eaeh side of the vertebral eolnmn between the spinons pro- 
eesses eentrally and the angles of the ribs laterally (Fig. 4.29). 
The ereetor spinae are the ehief extensors of the vertehral 
eolumn and are divided into three eolnmns: The ilioeostalis 
forms the lateral eolnmn, the longissimns forms the inter- 
mediate eolnmn, and the spinalis forms the medial eolnmn. 
Eaeh eolnmn is divided regionally into three parts aeeord- 
ing to the snperior attaehments (e.g., ilioeostalis Inmbornm, 
ilioeostalis thoraeis, and ilioeostalis eervieis). The eommon 


origin of the three ereetor spinae eolnmns is throngh a broad 
tendon that attaehes inferiorly to the posterior part of the 
iliae erest, the posterior aspeet of the saernm, the saero-iliae 
ligaments, and the saeral and inferior Inmbar spinons pro- 
eesses. 

The ereetor spinae are often referred to as the “long 
mnseles” of the baek. In general, they are dynamie (motion- 
prodneing) mnseles, aeting bilaterally to extend (straighten) 
the flexed trnnk. The mnseles of the intermediate layer of 
intrinsie mnseles are illnstrated in isolation in Fignre 4.31, 
and information on their attaehments, nerve snpply, and 
aetions is provided in Table 4.5. 

DEEP LAYER 

Deep to the ereetor spinae is an obliquely disposed 
gronp of mneh shorter mnseles, the transversospinalis 
mnsele group eonsisting of the semispinalis, mnltifidns, 
and rotatores. These mnseles originate from transverse 
proeesses of vertebrae and pass to spinons proeesses 
of more snperior vertebrae. They oeenpy the “gntter” 
between the transverse and the spinons proeesses and are 
attaehed to these proeesses, the laminae between them, 
and the ligaments linking them together (Fig. 4.32). 

{text eontinnes on p. 488) 
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Transverse 
proeess of C4 



Angle of 2nd rib 


llioeostalis 

eervieis 


Ilioeostalis 

thoraeis 


Ilioeostalis 

lunnborunn 


Ilioeostalis 


Iliae erest 


Posterior 
superior 
iliae spine 



Mastoid 


proeess 



Longissimos 

eapitis 


Angle of rib 


Longissimus 

thoraeis 


Longissimus 



Nuchal ligament 


Spinalis eervieis 


Spinous proeess of T1 


Spinalis thoraeis 


Spinalis 



Spinous proeess of L2 


Rotatores 
Multifidus 


Semispinalis 



T ransversospinalis 


Transverse proeess 

« 

Spinalis 

Longissimus 
Ilioeostalis 


Ereetor 

spinae 


Serratus 

posterior 


Thoraeie 

spinous 

proeess 


Latissimus dorsi 


Trapezius 


FIGIJRE 4.31. Intermediate layer of intrinsie baek muscles (ereetor spinae muscles). 


TABLE 4.5. INTERMEDIATE LAYER OF INTRINSIG BAGK MUSCLES 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Nerve Supply 

Main Aetion(s) 

Ereetor spinae 

Ilioeostalis 

Longissimus 

Spinalis 

Arises by a broad tendon 
from posterior part of iliae 
erest, posteriorsurface 
of sacrum, saero-iliae 
ligaments, saeral and 
inferior lumbar spinous 
proeesses, and supraspi- 
nous ligament 

llioeostalis: lumborum, 
thoraeis, eervieis; fibers run 
superiorlyto angles of lower 
ribs and eervieal transverse 
proeesses 

Longissimus: thoraeis, 
eervieis, eapitis; fibers run 
superiorlyto ribs between 
tubercles and angles to 
transverse proeesses 
in thoraeie and eervieal 
regions, and to mastoid 
proeess of temporal bone 

Spinalis: thoraeis, eervieis, 
eapitis; fibers run superiorly 
to spinous proeesses in the 
upperthoracic region and 
to cranium 

Posterior rami of spinal 
nerves 

Aeting bilaterally: extend 
vertebral column and head; 
as baek is flexed, eontrol 
movementvia eeeentrie 
eontraetion 

Aeting unilaterally: laterally 
flex vertebral column 
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Spinous proeess of vertebra T11 


Levator costarum 


Posterior ramus 


Intertransversarii 


Anterior layer of 
thoracolumbar faseia 


Quadratus lumborum 


External oblique 


Aponeurotic origin 
of ereetor spinae 


Posterior superior 
iliae spine (PSIS) 



(A) 


Transverse proeesses 


Lumbar rib 


Lumbosacral ligament 


12th rib 


Middle layer of 
thoracolumbar faseia 
(posterior to quadratus 
lumborum) 


Posterior layer of 
thoracolumbar faseia 


Spinous proeess of 
vertebra L4 


Multifidus 


Aponeurotic remains 
of ereetor spinae 


Gluteus maximus 


Tip of transverse proeess 


Neek of rib 


Tubercle of rib 


Superior eostotransverse 
ligament 


Lateral eostotransverse 
ligament 


(B) 


0 ■ 


Superior eostotransverse ligament 


Posterior ramus of a thoraeie nerve 





♦♦ • 



Rotatores brevis 
and longus 


Levator costarum 


Dura mater 


Posterior longitudinal 
ligament 


FIGIJRE 4.32. Deep layer of ìntrìnsìe baek muscles (transversospìnalìs muscles). 
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The semispinalis is the superfieial member of the group. 
As its name indieates, it arises from approximately half of 
the vertebral eolnmn. It is divided into three parts aeeord- 
ing to the snperior attaehments (Table 4.6): semispinalis 
eapitis, semispinalis thoraeis, and semispinalis eer- 
vieis. Semispinalis eapitis forms the longitudinal bnlge in 
the baek of the neek near the median plane (Fig. 4.33A). 

The mnltifidns is the middle layer of the gronp and eon- 
sists of short, triangnlar mnsenlar bnndles that are thiekest in 
the Inmbar region (Fig. 4.33B). 

The rotatores, or rotator mnseles, are the deepest of the 
three layers of transversospinal mnseles and are best devel- 
oped in the thoraeie region. The transversospinalis gronp of 
the deep layer of intrinsie baek mnseles are illnstrated sepa- 
rately in Fignre 4.33, and details eoneerning their attaeh- 
ments, innervation, and aetion are provided in Table 4.6. 

The interspinales, intertransversarii, and levato- 
res eostarnm are minor deep baek mnseles that are rela- 
tively sparse in the thoraeie region. The interspinales and 
intertransversarii mnseles eonneet spinons and transverse 
proeesses, respeetively. The elevators of the ribs represent 
the posterior intertransversarii mnseles of the neek. Details 
eoneerning the attaehments, nerve snpply, and aetions of the 
minor mnseles of the deep layer of intrinsie mnseles are pro- 
vided in Table 4.6. 


PRINdPAL MUSCLES PRODUCING MOVEMENTS 
OFINTERVERTEBRAL JOINTS 

The prineipal mnseles prodneing movements of the eervi- 
eal, thoraeie, and Inmbar IV joints are illnstrated in Fignres 
4.34 and 4.35, with details snmmarized in Tables 4.7 and 4.8. 
Many of the mnseles aeting on the eervieal vertebrae are dis- 
enssed in greater detail in Ghapter 8(Neek). The baek mns- 
eles are relatively inaetive in the stand-easy position, bnt they 
(espeeially the shorter deep layer of intrinsie mnseles) aet as 
statie postnral mnseles (fìxators, or steadiers) of the vertebral 
eolnmn, maintaining tension and stability as required for the 
ereet postnre. 

Note in Table 4.8 that all movements of the IV joints (i.e., 
all movements of the vertebral eolnmn) exeept pnre extension 
involve or are solely prodneed by the eoneentrie eontraetìon of 
abdominal mnseles. However, bear in mind that in these as in 
all movements, the eeeentrie eontraetion (eontrolled relaxation) 
of the antagonist mnseles is vital to smooth, eontrolled move- 
ment (see “Mnsele Tissne and the Mnsenlar System” in the 
introdnetion, p. 29). Thns it is aetnally the interaetion of ante- 
rior (abdominal) and posterior (baek) mnseles (as well as the 
eontralateral pairs of eaeh) that provides the stability and pro- 
dnees motion of the axial skeleton, mneh like gny (gnide) wires 
snpport a pole. Often ehronie baek strain (sneh as that eansed 


Spinalis 

eervieis 



Semispinalis 

eapitis 


Spinalis 

thoraeis 


Multifidus 


Multifidus 



Gervieal 
interspinales 


Gervieal 
intertransversarii 


Rotatores 


Levatores 

eostarom 



Rotatores 
Multifidus 


Semispinalis 


Spinalis 


Longissimus 
llioeostalis 


Lumbar 
interspinales 



T ransversospinalis 


Ereetor 

spinae 


Lumbar 
intertransversarii 


Thoraeie 

spinous 

proeess 


Serratus 

posterior 


Latissimus dorsi 


Trapezius 


(D) Transverse seetion 


(A) 


(B) 


(C) 


Posterior views 


FIGITRE 4.33. Muscles of deep layer of intrinsie baek muscles. A. The transversospinalis muscle group is deep to the ereetor spinae (see D). The short 
lumbar rib is articulating with the transverse proeess of L1 vertebra. This eommon variation does not usually cause a problem; however, those unfamil- 
iar with its possible presenee may think it is a fractured transverse proeess. B. Deeper disseetion showing the rotatores. The levatores costarum muscles 
represent the intertransversarii muscles in the thoraeie region. 
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TABLE 4.6. DEEP LAYERS OFINTRINSIG BAGK MUSCLES 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Nerve Supply 

Main Aetion(s) 

Deep layer 

Transversospinalis 

Semispinalis 

Multifidus 

Rotatores (brevis 
and longus) 

Transverse proeesses 

Semispinalis: arises from 
transverse proeesses of 
C4-T12 vertebrae 

Multifidus: arises from 
posterior sacrum, poste- 
rior superior iliae spine 
of ilium, aponeurosis of 
ereetor spinae, saero-iliae 
ligaments, mammillary 
proeesses of lumbar 
vertebrae, transverse 
proeesses of T1-T3, 
articular proeesses of 
C4-C7 

Rotatores: arise from 
transverse proeesses of 
vertebrae; best developed 
in thoraeie region 

Spinous proeesses of 
more superior vertebrae 

Semispinalis: thoraeis, 
eervieis, eapitis; fibers 
run superomedially to 
oeeipital bone and spinous 
proeesses in thoraeie and 
eervieal regions, spanning 
4-6 segments 

Multifidus: thiekest in 
lumbar region; fibers pass 
obliquely superomedially 
to entire length of spinous 
proeesses, loeated 2-4 
segments superior to 
proKimal attaehment 

Rotatores: fibers pass 
superomedially to attaeh 
to junction of lamina 
and transverse proeess 
or spinous proeess of 
vertebra immediately 
(brevis) or 2 segments 
(longus) superior to 
vertebra of attaehment 

Posterior rami of spinal 
nerves^ 

Extension 

Semispinalis: extends 
head and thoraeie and 
eervieal regions of verte- 
bral column and rotates 
them eontralaterally 

Multifidus: stabilizes ver- 
tebrae during loeal move- 
ments of vertebral column 

Rotatores: stabilize verte- 
brae and assistvvith loeal 
extension and rotatory 
movements 

of vertebral column; may 
function as organs of 
proprioeeption 

Minor deep layer 

Interspinales 

Superior surfaces of spi- 
nous proeesses of eervieal 
and lumbar vertebrae 

Inferior surfaces of spi- 
nous proeesses of verte- 
bra superiorto vertebra of 
proKimal attaehment 

Posterior rami of spinal 
nerves 

Aid in extension and rota- 
tion of vertebral column 

Intertransversarii 

Transverse proeesses 
of eervieal and lumbar 
vertebrae 

Transverse proeesses of 
adjaeent vertebrae 

Posterior and anterior rami 
of spinal nerves^ 

Aid in lateral flexion of 
vertebral column; aeting 
bilaterally, stabilize 
vertebral column 

Levatores costarum 

Tips of transverse pro- 
eesses of C7 and Tl-Tll 
vertebrae 

Pass inferolaterally and 
inserton rib betvveen 
tubercle and angle 

Posterior rami of C8-T11 
spinal nerves 

Elevate ribs, assisting 
respiration; assist vvith 
lateral flexion of vertebral 
column 


^Mostbaek moseles are innervated by posterior rami of spinal nerves, buta few are innervated by anterior rami. Intertransversarii ofthe eervieal region are supplied 
by anterior rami. 


by excessive lumbar lordosis; B4.17C) results from imbalanee 
in this support (laek of tonus of abdominal mnseles in the ease 
of lordosis). Exercise or elimination of excessive, nnevenly dis- 
tribnted weight may be required to restore balanee. 

Smaller mnseles generally have higher densities of muscle 
spindles (sensors of proprioeeption that are interdigitated 
among the mnsele’s fìbers) than do large mnseles. It was 
assnmed that the higher eoneentration of spindles oeenrred 
beeanse small mnseles prodnee the most preeise movements, 
such as fìne postnral movements or manipnlation and, there- 
fore, require more proprioeeptive feedbaek. 

The movements deseribed for small mnseles are dedneed 
from the loeation of their attaehments and the direetion of 


the mnsele fìbers and from aetivity measnred by eleetromy- 
ography as movements are performed. Mnseles such as 
the rotatores, however, are so small and are plaeed in posi- 
tions of such relatively poor meehanieal advantage that 
their ability to prodnee the movements deseribed is some- 
what questionable. Fnrthermore, such small muscles are 
often rednndant to other larger mnseles that have snperior 
meehanieal advantage. Henee, it has been proposed (Bux- 
ton and Peek, 1989) that the smaller mnseles of small-large 
mnsele pairs fnnetion more as “kinesiologieal monitors,” or 
organs of proprioeeption and that the larger mnseles are the 
prodneers of motion. 

{text eontinnes on p. 492) 
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Longus eolli 


Sternoeleido- 
mastoid (SCM) 



Intertransversarii 


Sealenes 


(A) Muscles producing flexion 


(B) Muscies producing iaterai fiexion 





B-D = Muscies Producing Extension 


FIGITRE 4.34. Prineipal muscles producing movements of eervieal intervertebral joints. 


TABLE 4.7. PRINGIPAL MUSCLES PRODUCING MOVEMENT OF GERVIGALINTERVERTEBRAL JOINTS 


Flexion 

Extension 

Lateral Bending 

Rotation (notshovvn) 

Bilateral aetion of 

Longus eoli 

Sealene 

Sternoeleidomastoid 

Deep neek muscles 

1, semispinalis eervieis and 
ilioeostalis eervieis 

2, splenius eervieis and levator 
scapulae 

3, splenius eapitis 

4, multifidus 

5, longissimus eapitis 

6, semispinalis eapitis 

T, trapezius 

LJnilateral aetion of 

Ilioeostalis eervieis 

Longissimus eapitis and eervieis 
Splenius eapitis and eervieis 
Intertransversarii and sealenes 

Llnilateral aetion of 

Rotatores 

Semispinalis eapitis and eervieis 
Multifidus 

Splenius eervieis 
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(A) Flexion (starting from 
extended position) 


(B) Neutrai 


(C) Extension (starting 
from fiexed position) 


Splenius 


Stemoeleidomastoid 


Rhomboids 


Serratus anterior 


External oblique 
(anterior part) 


Internal and external 
obliques (lateral part) 

Quadratus lumborum 


Gluteus medius 


Gluteus maximus 


Involved in overall 
movement, but do not 
produce movement at 
IV joints (Table 4.8). 



Sternoeleidomastoid 


Splenius 


llioeostalis and 
longissimus 


Internal oblique 


Internal oblique 
(anterior part) 


Adductor longus 



(D) Laterai fIexion 

(Muscles shown eontraet to bend 

to opposite [left] side) 


Transversospinalis 


(E) Rotation 

(Muscles shown eontraet to 
rotate to the left) 


External oblique 


FIGITRE 4.35. Prineipal muscles producing movements of thoraeie and lumbar intervertebral joints. 


TABLE 4.8. PRINCIPAL MUSCLES PRODUCING MOVEMENTS OF THORACIC AND LUMBARINTERVERTEBRAL (IV) JOINTS 


Flexion 

Extension 

Lateral Bending 

Rotation 

Bilateral aetion of 
Rectus abdominis 
Psoas major 

Gravity 

Bilateral aetion of 

Ereetor spinae 
Multifidus 

Semispinalis thoraeis 

Llnilateral aetion of 
llioeostalis thoraeis and lumborum 
Longissimus thoraeis 

Multifidus 

External and internal oblique 
Quadratus lumborum 

Rhomboids 

Serratus anterior 

Llnilateral aetion of 

Rotatores 

Multifidus 

llioeostalis 

Longissimus 

External oblique aeting synchronously with 
opposite internal oblique 

Splenius thoraeis 
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Surface Anatomy of Baek Muscles 

The posterior medìan furrow overlies the tips of the spinoos 
proeesses of the vertebrae (Fig. 4.36). The furrow is eon- 
tinnons snperiorly with the nnehal groove in the neek and 
is deepest in the lower thoraeie and npper Inmbar regions. 

The ereetor spinae prodnee prominent vertieal bnlges 
on eaeh side of the furrow. In the Inmbar region, they are 
readily palpable, and their lateral borders eoineide with the 
angles of the ribs and are indieated by shallow grooves in the 
skin. When the individnal is standing, the Inmbar spinons 
proeesses may be indieated by depressions in the skin. These 
proeesses usually beeome visible when the vertebral eolnmn 
is flexed (see Figs. 4.8A and 4.11A & C). The median furrow 
ends in the flattened triangnlar area eovering the saernm and 
is replaeed inferiorly by the interglnteal eleft. 

When the upper limbs are elevated, the seapulae move 
laterally on the thoraeie wall, making the rhomhoid and teres 
majormnseles visible. The snperfleially loeated and 

latissimns dorsi mnseles eonneeting the upper limbs to the 
vertebral column are also elearly visible (Fig. 4.36). 


Suboccipital and Deep Neek Muscles 

Often misrepresented as a snrfaee region, the suboccipital 
region is a mnsele “eompartment” deep to the snperior part 
of the posterior eervieal region, nnderlying the trapezins, 
sternoeleidomastoid, splenins, and semispinalis mnseles. It 
is a pyramidal spaee inferior to the external oeeipital promi- 
nenee of the head that inelndes the posterior aspeets of ver- 
tebrae C1 and C2 (Fig. 4.37 orientation flgnre). 

The four small muscles of the suboccipital region lie deep 
(anterior) to the semispinalis eapitis mnseles and eonsist of two 
reetns eapitis posterior (major and minor) and two obliquus 
muscles. All four muscles are innervated by the posterior 
ramus of Cl, the suboccipital nerve. The nerve emerges 
as the vertebral artery eonrses deeply between the oeeipital 
bone and the atlas (vertebra Cl) within the suboccipital tri- 
angle. Details eoneerning the bonndaries and eontents of this 
triangle and the attaehments of the suhoceipital museles are 
illnstrated in Fignre 4.37 and deseribed in Table 4.9. 

Note that the obliquus eapitis inferior is the only “eapi- 
tis” mnsele that has no attaehment to the eraninm (skull). 
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(site of nuchal ligament) 
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Dimples indieating posterior 
superior iliae spines 

Intergluteal eleft 
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FIGIJRE 4.36. Surface anatomy of muscles of baek. 
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Oeeipital 

region 


Suboccipital region (deep) 


Posterior 

eervieal 

region 


Sternoeleidomastoid 


Obliquus eapitis superior 

Longissimus eapitis 
Suboccipital nerve (C1) 

Obiiquus eapitis inferior 

Greater oeeipital 
nerve (C2) 

Semispinalis eapitis 

Splenius 
Trapezius 


Oeeipital bone 
Trapezius 


Semispinalis eapitis 



Rectus eapitis posterior minor 

Suboccipital nerve (C1) 

Inferior nuchal line 

Rectus eapitis posterior major 

Posterior atlanto-oeeipital 
membrane 

Posterior areh (C1) 


Transverse proeess (C1) 
Vertebral artery 

Spinal ganglion (C2) 
Transverse proeess (C2) 


Vertebral artery 
Semispinalis eervieis 
Interspinales 


FIGIJRE 4.37. Suboccìpìtal muscles and suboccìpìtal trìangle. 


TABLE 4.9. SUBOCCIPITAL MUSCLES AND SUBOCCIPITAL TRIANGLE 


Suboccipital Muscies 

Muscie 

Origin 

Insertion 

Rectus eapitis posterior major 

Spinous proeess of vertebra C2 

Lateral partof infehor nuchal line of oeeipital bone 

Rectus eapitis posterior minor 

Posterior tubercle of posterior areh 
of vertebra C1 (atlas) 

Medial part of inferior nuchal line of oeeipital bone 

Obliquus eapitis inferior 

Posterior tubercle of postehor areh 
of vertebra C2 (axis) 

Transverse proeess ofvertebra C1 (atlas) 

Obliquus eapitis superior 

Transverse proeess ofvertebra C1 

Oeeipital bone betvveen superiorand inferior nuchal lines 

Suboccipitai Triangie 

Aspeetof Triangle 

Structures 

Superomedial boundary 

Rectus eapitis postehor major 

Superolateral boundary 

Obliquus eapitis supehor 

Inferolateral boundary 

Obliquus eapitis infehor 

Floor 

Postehor atlanto-oeeipital membrane and postehorareh of vertebra C1 (atlas) 

Roof 

Semispinalis eapitis 

Gontents 

Vertebral artery and suboccipital nerve 
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TABLE 4.10. PRINGIPAL MUSCLES PRODUCING MOVEMENT OF ATLANTO-OCCIPITAL JOINTS 


Supra- 
and infra 
hyoid 
moseles 



Rectus 
eapitis 
anterior 

Longus 

eapitis 






Sternoeleidomastoid 


J 


(A) 


(B) 


Flexion 



Trapezius 


Rectus eapitis 
posterior major 

Rectus eapitis 
posterior minor 


(^Obliquus eapitis 


(C) 


(D) 


Extension 


superior 


Flexion 

Extension 

Lateral Flexion (notshovvn) 

Longus eapitis 

Rectus eapitis postehor, majorand minor 

Sternoeleidomastoid 

Rectus eapitis anterior 

Obliquus eapitis superior 

Obliquus eapitis supehor 

Anterior fibers of sternoeleidomastoid 

Splenius eapitis 

Rectus eapitis lateralis 

Suprahyoid and infrahyoid muscles 

Longissimus eapitis 

Longissimus eapitis 


Trapezius 

Splenius eapitis 


These muscles are mainly postural muscles, but aetions are 
typieally deseribed for eaeh muscle in terms of prodneing 
movement of the head. 

The snboeeipital mnseles aet on the head direetly or indi- 
reetly (explaining the inelnsion of eapitis in their names) by 
extending it on vertebra C1 and rotating it on vertebrae C1 
and C2. However, reeall the disenssion of the small member 
of the small-large mnsele pair fnnetioning as a kinesiologieal 
monitor for the sense of proprioeeption (p. 489). 

The prineipal mnseles prodneing movements of the era- 
niovertebral joints are snmmarized in Tables 4.10 and 4.11, 
and the nerves of the posterior eervieal region, inelnding the 
snboeeipital region/triangles, are illnstrated in Fignre 4.38 
and snmmarized in Table 4.12. 


TABLE 4.11. PRINeiPAL MUSCLES PRODUCING MOVE- 

MENT OF ATLANTO-AXIAL JOINTS^ 


Head rotates to left 



Longissimus eapitis 
Splenius eapitis 


Ipsilateral^ 

Gontralateral 

Obliquus eapitis infehor 

Sternoeleidomastoid 

Rectus eapitis posterior, major 

Semispinalis eapitis 

and minor 


Longissimus eapitis 


Splenius eapitis 



^Rotation is the speeialized movementatthese joints. Movementof one joint 
involves the other. 


‘^Same side to which head is rotated. 
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Epieranial aponeurosis 
Oeeipitalis 

External oeeipital 
protuberance 

Greater oeeipital 
nerve (C2) 

Obliquus eapitis 
superior 

Rectus eapitis 
posterior minor 


Inferior nuchal line 



Posterior tubercle 
of atlas 

Rectus eapitis 
posterior major 

Longissimus eapitis 

Spinous proeess of axis 

Semispinalis eapitis 

Interspinales 

Spinous proeess 
of vertebra (07) 


Oeeipital bone 

Superior 
nuchal line 

Oeeipital artery 
Obliquus eapitis superior 
Digastrie 

Longissimus eapitis 

Suboccipital nerve (C1) 

Obliquus eapitis inferior 

Greater oeeipital nerve (C2) 
Least oeeipital nerve (C3) 

Nerve C4 

Deep eervieal vein 
Semispinalis eervieis 


FIGIJRE 4.38. Nerves of posterior eervieal region, including suboccipital region/triangles. 


TABLE 4.12. NERVES OF POSTERIOR CERVICAL REGION, INCLUDING SUBOCCIPITAL REGION/TRIANGLES 


Nerve 

Origin 

Course | Distribution 

Suboccipital 

Posterior ramus of spinal nerve C1 

Runs betvveen cranium and C1 vertebra 
to reaeh suboccipital triangle 

Muscles of suboccipital triangle 

Greater oeeipital 

Posterior ramus of spinal nerve C2 

E merges inferiorto obliquus eapitis infe- 
riorand aseends to posterior sealp 

Skin over neek and oeeipital bone 

Lesser oeeipital 

Anterior rami of spinal nerves C2-C3 

Passes direetly to skin 

Skin of superior posterolateral neek 
and sealp posteriorto external ear 

Posterior rami, 
nerves C3-C7 

Posterior rami of spinal nerves C3-C7 

Pass segmentally to muscles and skin 

intrinsie muscles of baekand overlying 
skin (adjaeentto vertebral column) 


MUSCLES OF BACK 



Baek Strains, Sprains, and Spasms 

Adequate warmup and stretehing, and exercises to 
inerease the tonns of the “eore mnseles” (mnseles of 
the anterolateral abdominal wall—espeeially the 
transversus abdominis—determined to play a role in Inmbar 
stabilization) prevent many baek strains and sprains, eommon 
causes of lower baek pain. 

Baek sprain is an injnry in which only ligamentous tissne, 
or the attaehment of ligament to bone, is involved, without 


disloeation or fraetnre. It resnlts from excessively strong eon- 
traetions related to movements of the vertebral eolnmn, sneh 
as excessive extension or rotation. 

Baek strain is a eommon injnry in people who partieipate 
in sports; it resnlts from overly strong mnsenlar eontraetion. 
The strain involves some degree of stretehing or mieroseopie 
tearing of mnsele fìbers. The mnseles nsnally involved are 
those prodneing movements of the Inmbar IV joints, espe- 
eially the ereetor spinae. If the weight is not properly bal- 
aneed on the vertebral eolnmn, strain is exerted on the 
mnseles. 
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Using the baek as a lever when lifting pnts an enor- 
mons strain on the vertebral eolnmn and its ligaments 
and mnseles. Strains ean be minimized if the lifter 
eronehes, holds the baek as straight as possible, and nses 
the mnseles of the bnttoeks and lower limbs to assist with 
the lifting. 

As a proteetive meehanism, the baek mnseles go into 
spasm after an injnry or in response to inflammation (e.g., of 
ligaments). A spasm is a sndden involnntary eontraetion of 
one or more mnsele gronps. Spasms are attended by eramps, 
pain, and interferenee with fnnetion, prodneing involnntary 
movement and distortion. 


Reduced Blood Supply 
to the Brainstem 



The winding eonrse of the vertebral arteries throngh 
the foramina transversarii of the transverse proeesses 
of the eervieal vertebrae and throngh the snboeeipital 
triangles beeomes elinieally signifleant when blood flow throngh 
these arteries is redneed, as oeenrs with arienoselerosis (hard- 
ening of arteries). Under these eonditions, prolonged tnrning 
of the head, as oeenrs when baeking up a motor vehiele, may 
eanse light-headedness, dizziness, and other symptoms from 
the interferenee with the blood snpply to the brainstem. 


The Bottom Lìne 


MUSCLES OF BACK 

The superficial extrinsic baek muscles are axio-appenclicular 
muscles that serve the upper limb. ♦ Except for the trape- 
zius—innervated by CN XI—the extrinsic baek muscles are 
innervated bythe anterior rami ofspinal nerves. ♦ The 
deep intrinsie baek muscles eonneet elements of the axial 
skeleton, are mostly innervated by posterior rami of spinal 
nerves, and are arranged in three layers: superficial 
(splenius muscles), intermediate (ereetor spinae), and 


deep (transversospinalis muscles). ♦ The intrinsie muscles 
provide primarily extension and proprioeeption for posture, 
and work synergistieally with the muscles ofthe anterolateral 
abdominal wall to stabilize and produce movements of the 
trunk. ♦ Suboccipital muscles extend between vertebrae C1 
(atlas) and C2 (axis) and the oeeipital bone and produce— 
and/or provide proprioeeptive information eoneerning— 
movements at the eraniovertebral Joints. 


eONTENTS OF VERTEBRAL GANAL 


The spinal eord, spinal nerve roots, spinal meninges, and the 
nenrovasenlar strnetnres that snpply them are loeated in the 

vertebral eanal (Fig. 4.27). 

Spìnal Cord 

The spìnal eord is the major reflex eenter and eondnetion 
pathway between the body and brain. This eylindrieal strne- 
tnre, slightly flattened anteriorly and posteriorly, is proteeted 
by the vertebrae, their assoeiated ligaments and mnseles, the 
spinal meninges, and the eerebrospinal flnid (CSF). 

The spinal eord begins as a eontinnation of the mednlla 
oblongata (often ealled the mednlla), the eandal part of the 
brainstem (see Fig. 7.36, p. 879). In adnlts, the spinal eord 
is 42-45 em long and extends from the foramen magnnm 
in the oeeipital bone to the level of the L1 or L2 vertebra 
(Fig. 4.39). However, its tapering inferior end, the eonns 
mednllaris, may terminate as high as T12 vertebra or as low 
as L3 vertebra. Thns the spinal eord oeenpies only the snpe- 
rior two thirds of the vertebral eanal. 

The spinal eord is enlarged in two regions in relationship 
to innervation of the limbs. The eervieal enlargement 
extends from C4 throngh T1 segments of the spinal eord. 


and most of the anterior rami of the spinal nerves arising 
from it form the hraehial plexus of nerves that innervates the 
npper limbs. The inmbosaeral enlargement extends from 
Tll throngh S1 segments of the spinal eord, inferior to whieh 
the eord eontinnes to diminish as the eonns mednllaris. The 
anterior rami of the spinal nerves arising from this enlarge- 
ment make up the Inmhar and saeral plexuses of nerves that 
innervate the lower limbs. 

Spinal Nerves and Nerve Roots 

The formation and eomposition of spinal nerves and nerve 
roots are disenssed in the introdnetion (p. 50). Readers are 
nrged to read this information now if they have not done so 
previonsly. The portion of the spinal eord giving rise to the 
rootlets and roots that nltimately form one bilateral pair of 
spinal nerves is designated a spìnal eord segment, the iden- 
tity of which is the same as the spinal nerves arising from it. 

Cervical spinal nerves (except C8) bear the same alpha- 
nnmerie designation as the vertebrae forming the inferior 
margin of the IV foramina throngh which the nerve exits the 
vertebral eanal. The more inferior spinal (T1 throngh Col) 
nerves bear the same alphannmerie designation as the verte- 
brae forming the snperior margin of their exit (Table 4.13). 
flrst eervieal nerves laek posterior roots in 50% of people, and 
the eoeeygeal nerve may be absent. 
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Spinal eord 


eervìeal 
enlargement 


Vertebral eanal 
(epidural spaee) 


Subarachnoid 

spaee 


Lumbosacral 
enlargement 

Conus 
nnedullaris 

Spinal 
dural sae 

Lumbar elstern 

of subarachnoid 
spaee 

Cauda equina — 


Filunn terminale 
internum 


Filum terminale 
externum 


C1 


C2 


C5 


C6 


1 


C7 


T1 


T2 


T3 


T4 


T5 


T6 


T7 


8 


T10 


11 


T11 


12 


1 


T12 


L1 


L2 


L4 


V_ / 


L5 


S1 


S2 


S3 


S4 


Lateral vlew 


C1 


r 


eervieal nerves , 
(8 pairs) 


C8 ^ 


v 


T1 




r 


Thoraeie nerves 
^ (12pairs) ^ 


T12 ^ 


V. 


L1 


■N 


r 


Lumbar nerves 
^ (5 pairs) ^ 


L5 ^ 


V 


S1 




r 


V Saeral nerves , 
(5 pairs) 


S5^ 


V. 



eoeeygeal 
nerve (1 pair) 




Anterlor vlew 


Nerves and ganglla 


1 eervieal nerves and ganglia 
I Thoraeie nerves and ganglia 
1 Lumbar nerves and ganglia 

I Saeral and eoeeygeal 
nerves and ganglia 


FIGIJRE 4.39. Vertebral column, spìnal eord, spìnal ganglìa, and spìnal nerves. Lateral and anterior views illustrating the relation ofthe spinal eord seg- 
ments (the numbered segments) and spinal nerves to the adult vertebral column. 
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TABLE 4.13. NUMBERING OF SPINAL NERVES AND VERTEBRAE 


Segmental Level 

Number of Nerves 

Level of Exitfrom Vertebral Column 

eervieal 

8 (Cl-C8) 

Nerve Cl^ (suboccipital nerve) passes superiorto areh of vertebra C1 

Nerves C2-C7 pass through IV foramina superiorto the eorresponding vertebrae 

Nerve C8 passes through the IV foramen betvveen vertebra C7 and T1 

Thoraeie 

12 (T1-T12) 

Nerves T1-L5 pass through IV foramina inferiorto the eorresponding vertebrae 

Lumbar 

5 (L1-L5) 

Saeral 

5 (S1-S5) 

Nerves S1-S4 braneh into anterior and posterior rami vvithin the sacrum, vvith the respeetive 
rami passing through the anterior and posterior saeral foramina 

Goeeygeal^ 

1 (Col) 

5th saeral and eoeeygeal nerves pass through the saeral hiatus 


^The firsteervieal nerves laek posterior roots in 50% of people, and the eoeeygeal nerves may be absent. 
(Modified from Barr's The Human Nervous System.) 


In embryos, the spinal eord oeenpies the whole length of 
the vertebral eanal (Fig. 4.23); thns eord segments lie approx- 
imately at the vertebral level of the same nnmber, the spinal 
nerves passing laterally to exit the eorresponding IV foramen. 
By the end of the embryonie period (8th week), the tail-like 
eandal eminenee has disappeared, and the nnmber of eoe- 
eygeal vertebrae is redneed from six to fonr segments. The 
spinal eord in the vertebral eanal of the coecyx atrophies. 

Dnring the fetal period, the vertebral eolnmn grows faster 
than the spinal eord; as a resnlt, the eord “aseends” relative 
to the vertebral eanal. At birth, the tip of the eonns mednl- 
laris is at the L4-L5 level. Thns, in postnatal life, the spi- 
nal eord is shorter than the vertebral eolnmn; consequently, 
there is a progressive obliquity of the spinal nerve roots (Figs. 
4.39 and 4.40). Beeanse the distanee between the origin of a 
nerve’s roots from the spinal eord and the nerve’s exit from 
the vertebral eanal inereases as the inferior end of the verte- 
bral eolnmn is approaehed, the length of the nerve roots also 
inereases progressively. 

The Inmbar and saeral nerve roots are therefore the lon- 
gest, extending far beyond the termination of the adnlt spinal 
eord at approximately the L2 level to reaeh the remaining 
Inmbar, saeral, and eoeeygeal IV foramina. This loose bnndle 
of spinal nerve roots, arising from the inmbosaeral enlarge- 
ment and the eonns mednllaris and eonrsing within the lum- 
har eistern of CSF eandal to the termination of the spinal 
eord, resembles a horse’s tail, henee its name—the cauda 
equina (L. horse tail). 

Arising from the tip of the eonns mednllaris, the filnm ter- 
minale deseends among the spinal nerve roots in the eanda 
equina. The fìlum terminale is the vestigial remnant of the 
eandal part of the spinal eord that was in the tail-like eandal 
eminenee of the embryo. Its proximal end (the filum termi- 
nale internnm, or pìal part of the terminal filum) eonsists 
of vestiges of nenral tissne, eonneetive tissne, and nenroglial 
tissne eovered by pia mater. The filnm terminale perforates 
the inferior end of the dnral sae, gaining a layer of dnra and 
eontinning throngh the saeral hiatns as the filum terminale 


externum (or dural part of the terminalfilum, also known as 
the eoeeygeal ligament) to attaeh to the dorsnm of the coccyx. 
The filnm terminale is an anehor for the inferior end of the 
spinal eord and spinal meninges (Fig. 4.44). 

Spìnal Meninges 

and eerebrospìnal Flnid (CSF) 

Golleetively, the spinal dnra mater, araehnoid mater, and 
pia mater snrronnding the spinal eord eonstitnte the spinal 
meninges (Figs. 4.41 and 4.42; Table 4.14). These mem- 
branes snrronnd, snpport, and proteet the spinal eord and 
spinal nerve roots, inelnding those of the eanda eqmna, and 
eontain the CSF in which these strnetnres are snspended. 

SPINAL DURA MATER 

The spinal dura mater (or simply, spinal dnra), eomposed 
mainly of tongh fibrons tissne with some elastie fibers, is the 
ontermost eovering membrane of the spinal eord. The spinal 
dnra is separated from the periostenm-eovered bone and the 
ligaments that form the walls of the vertebral eanal by the 
epidural spaee. This spaee is oeenpied by the internal ver- 
tebral venons plexus embedded in a fatty matrix (epidural 
fat). The epidnral spaee rnns the length of the vertebral 
eanal, terminating snperiorly at the foramen magnnm and 
laterally at the IV foramina, as the spinal dnra adheres to the 
periostenm snrronnding eaeh opening, and inferiorly, as the 
saeral hiatns is sealed by the saeroeoeeygeal ligament. 

The spinal dnra forms the spinal dural sae, a long tnbnlar 
sheath within the vertebral eanal (Figs. 4.39 and 4.40). This 
sae adheres to the margin of the foramen magnnm of the 
eraninm, where it is eontinnons with the eranial dnra mater. 
The sae is anehored inferiorly to the coccyx by \\\efilum ter- 
minale. The spinal dnral sae is evaginated by eaeh pair of 
posterior and anterior roots as they extend laterally toward 
their exit from the vertebral eanal (Fig. 4.43). Thns tapering 
lateral extensions of the spinal dnra snrronnd eaeh pair of 
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Spinal aeeessory 
nerve (CN XI) 


Spinal ganglion 


Pediele of C7 vertebra 


External intereostal 


intereostal nerve 


Parietal pleura 


Rami communicantes 


Sympathetie trunk 


Posterior ramus 


1st lumbar spinal nerve 


Transversus abdominis 


Psoas major 



eranial dura mater 


Ist eervieal spinal nerve 


Araehnoid mater (lining dura mater) 


Spinal eord (eervieal enlargement) 


Posterior rootlets of 
spinal nerve 


Spinal nerve (C8) 


Denticulate ligament 


Spinal nerve (T5) 


intereostal nerve 
(anterior ramus) 


Posterior ramus 


Innermost intereostal 


Spinal eord (lumbar enlargement) 


Conus medullaris 


Cauda equina in lumbar eistern 
(eontaining CSF in life) 


Termination of dural sae 


Anterior rami exiting via 
anterior saeral foramina 


Filum terminale externum 
in saeral hiatus 


Posterior view 


FIGIJRE 4.40. Spìnal eord ìn sìtu . The vertebral arehes and the posterior aspeet of the sacrum have been removed to expose the spinal eord in the verte- 
bral eanal. The spinal dural sae has also been opened to reveal the spinal eord and posterior nerve roots, the termination of the spinal eord betvveen the L1 
and the L2 vertebral level, and the termination of the spinal dural sae at the S2 segment. 
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Spinal eord 


VVhite matter 
Gray matter 


Posterior root 


Spinal ganglion 


Anterior root 


Spinal nerve 


Subarachnoid 


spaee 

Dural root 
sheath 


Posterior rootlets 

Posterior ramus 
Anterior ramus 


Pia mater 
Araehnoid 



^Spinal 


meninges 


Epidural fat 


posterior and anterior nerve roots as dural root sheaths, 
or sleeves (Figs. 4.41 and 4.44). Distal to the spinal ganglia, 
these sheaths blend with the epineurium (onter eonneetive 
tissne eovering of spinal nerves) that adheres to the perios- 
tenm lining the IV foramina. 

Innervation of Dura Mater. Nerve fibers are distrib- 
nted to the spinal dnra by the (reenrrent) meningeal nerves 
(see Fig. 4.27). The fnnetion of these afferent and sympa- 
thetie fibers is nnelear, althongh it is known that the afferent 
fibers snpply pain reeeptors that are involved in the referred 
pain eharaeteristie of spinal disorders and beeome irritated 
when there is infiammation of the meninges (meningitis). 

SPINAL ARAGHNOID MATER 


FIGIJRE 4.41. Spìnal eord, spìnal nerves, and spìnal menìnges. Three 
membranes (the spinal meninges) eoverthe spinal eord: dura mater, araeh- 
noid mater, and pia mater. As the spinal nerve roots extend toward an IV 
foramen, they are surrounded by a dural root sheath (sleeve) that is eon- 
tinuous distally with the epineurium ofthe spinal nerve. 


The spìnal araehnoid mater is a delieate, avaseolar mem- 
brane eomposed of fibrons and elastie tissne that lines the 
spinal dnral sae and its dnral root sheaths. It eneloses the 
eSF-filled snbaraehnoid spaee eontaining the spinal eord. 


Extradural (epidural) 
spaee occupied by fat 


Araehnoid mater 


Dura-arachnoid interfaee [subdural 
(potential) “space”]-Schematicaiiy 
exaggerated; see note in tabie 


Posterior spinal 
arteries 
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FIGIJRE 4.42. Gross-seetion of spinal eord in situ demonstrating meninges and assoeiated spaees. 
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TABLE 4.14. SPAGES ASSOGIATED WITH SPINAL MENINGES^ 


Spaee 

Loeation 

Gontents 

Epidural 

Spaee between periosteum lining bony wall of 
vertebral eanal and spinal dura mater 

Fat (loose eonneetive tissue); internal vertebral 
venous plexuses; inferiorto L2 vertebra, ensheathed 
roots of spinal nerves 

Subarachnoid (leptomeningeal) 

Naturally occurring spaee between araehnoid 
mater and pia mater 

eSF; radicular, segmental, medullary, and spinal 
arteries; veins; araehnoid trabeculae 


^AIthough it is eomnnon to refer to a "subdural space,"there is no naturally occurring spaee atthe arachnoid-dura junction (Haines, 2006). 


spinal nerve roots, and spinal ganglia (Figs. 4.41, 4.42, and 
4.43). 

The spinal araehnoid is not attaehed to the spinal dnra bnt 
is held against its inner snrfaee by the pressnre of the CSF. 
In a Inmbar spinal pnnetnre, the needle traverses the spinal 
dnra and araehnoid simnltaneonsly. Their apposition is the 
dura-arachnoid interfaee (Fig. 4.42), often erroneonsly 
referred to as the “snbdnral spaee.” No aetnal spaee oeenrs 
natnrally at this site; it is, rather, a weak eell layer (Haines, 
2006). Bleeding into this layer ereates a pathologieal spaee at 
the dnra-araehnoid jnnetion in whieh a suhdural hematoma 
is formed. In the eadaver, beeanse of the absenee of CSF, the 
spinal araehnoid falls away from the inner snrfaee of the dnra 
and lies loosely on the spinal eord. 

The spinal araehnoid is separated from the pia mater on 
the snrfaee of the spinal eord by the suharachnoid spaee 
eontaining CSF. Delieate strands of eonneetive tissne, the 
araehnoid traheenlae, span the snbaraehnoid spaee eon- 
neeting the spinal araehnoid and pia. 



Dentiealate 
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Spinal eord 
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pia mater) 
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dura mater 
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FIGIJRE 4.43. Spinal eord within its meninges. The spinal clura and 
araehnoid mater have been split and pinned flat to expose the spinal eord 
and denticulate ligaments betvveen posteriorand anterior spinal nerve roots. 


SPINAL PIA MATER 

The spinal pia mater, the innermost eovering membrane 
of the spinal eord, is thin and transparent, and elosely fol- 
lows all the snrfaee featnres of the spinal eord (Haines, 
2006). The spinal pia also direetly eovers the roots of the 
spinal nerves and the spinal blood vessels. Inferior to the 
eonns mednllaris, the spinal pia eontinnes as the filnm ter- 

minale (Fig. 4.39). 

The spinal eord is snspended in the dnral sae by the 
filum terminale and the right and left denticulate liga- 
ments (L. denticulus, small tooth), which rnn longitndi- 
nally along eaeh side of the spinal eord (Figs. 4.43-4.45). 
The dentienlate ligaments eonsist of a fibrons sheet of 
pia extending midway between the posterior and anterior 
nerve roots from the lateral snrfaees of the spinal eord. 
The 20-22 sawtooth-like proeesses attaeh to the inner 
snrfaee of the araehnoid-lined dnral sae. The most snpe- 
rior proeess of the right and left dentienlate ligaments 
attaehes to the eranial dnra immediately snperior to the 
foramen magnnm, and the inferior proeess extends from 
the eonns mednllaris, passing between the T12 and the 
L1 nerve roots. 

SUBARACHNOID SPAGE 

The subarachnoid spaee is loeated between the araeh- 
noid and pia mater and is filled with CSF (Figs. 4.41- 
4.43). The enlargement of the snbaraehnoid spaee in the 
dnral sae, eandal to the eonns mednllaris and eontain- 
ing eSF and the eanda equina, is the lumbar eistern 
(Figs. 4.39 and 4.40). It extends from the L2 vertebra to 
the seeond segment of the saernm. Dnral root sheaths, 
enelosing spinal nerve roots in extensions of the snb- 
araehnoid spaee, protrnde from the sides of the Inmbar 
eistern (Fig. 4.44A & B). 

Vasculature of Spìnal Cord 
and Spìnal Nerve Roots 

ARTERIES OF SPINAL CORD AND NERVE ROOTS 

The arteries snpplying the spinal eord are branehes of the 
vertebral, aseending eervieal, deep eervieal, intereostal, Inm- 
bar, and lateral saeral arteries (Figs. 4.46 and 4.47). Three 
longitndinal arteries snpply the spinal eord: an anterior 
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FIGIJRE 4.44. Inferior end of spinal dural sae. A. A lamineetomy has been performed (i.e., the vertebral arehes of the lumbar and saeral vertebrae have been 
removed) to show the inferior end of the dural sae, which eneloses the lumbar eistern eontaining CSF and the cauda equina. The lumbar spinal ganglia lie within 
the IV foramina, but the saeral spinal ganglia (S1-S5) are in the saeral eanal. In the lumbar region, the nerves exiting the IV foramina pass superior to the IV dises 
at that level; thus herniation of the nucleus pulposus tends to impinge on nerves passing to lower levels. B. Myelogram of lumbar region. Contrast medium was 
injeeted into the lumbar eistern. The lateral projeetions indieate extensions of the subarachnoid spaee into the dural root sheaths around the spinal nerve roots. 
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FIGIJRE 4.45. Spìnal eord, anterior and posterior nerve rootlets and 
roots, spinal ganglia, spinal nerves, and meninges. 


spinal artery and paired posterior spinal arteries. These 
arteries rnn longitndinally from the mednlla of the brainstem 
to the eonns mednllaris of the spinal eord. 

The anterior spìnal artery, formed by the nnion of 
branehes of the vertebral arteries, rnns inferiorly in the ante- 
rior median fìssnre. Snleal arteries arise from the anterior 
spinal artery and enter the spinal eord throngh this fìssnre 
(Fig. 4.47B). The snleal arteries snpply approximately two 
thirds of the eross-seetional area of the spinal eord (Stan- 
dring, 2008). 

Eaeh posterior spinal artery is a braneh of either the 
vertehral artery or the posteroinferior eerehellar artery 
(Figs. 4.46B and 4.47). The posterior spinal arteries eom- 
monly form anastomosing ehannels in the pia mater. 

By themselves, the anterior and posterior spinal arteries 
ean snpply only the short snperior part of the spinal eord. 
The eirenlation to mneh of the spinal eord depends on seg- 
mental mednllary and radienlar arteries rnnning along the 
spinal nerve roots. The anterior and posterior segmental 
mednllary arteries are derived from spinal branehes of the 
aseending eervieal, deep eervieal, vertebral, posterior inter- 
eostal, and Inmbar arteries. The segmental mednllary arteries 
oeenr mainly in assoeiation with the eervieal and inmbosaeral 
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FIGIJRE 4.46. Arterial supply of spinal eord. A and B. Three longitudinal arteries supply the spinal eord: an anterior spinal artery and two posterior 
spinal arteries. Radicular arteries are shown at only the eervieal and thoraeie levels, but they also occur at the lumbar and saeral levels. 
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Spinal branehes arise from the vertebral, 
intereostal, lumbar, or saeral artery, 
depending on level of spinal eord. 


Most proKimal spinal nerves and roots are aeeompanied by radicular arteries, which do not reaeh the posterior or anterior spinal arteries. 
Segmental medullary arteries occur irregularly in the plaee of radicular arteries—they are really just larger vessels that make it all the way 
to the spinal arteries. 

FIGIJRE 4.47. Arterial supply and venous drainage of spinal eord and spinal nerve roots. A. The veins that (drain the spinal eord, as vvell as internal 
vertebral venous plexuses, drain into the intervertebral veins, vvhieh in turn drain into segmental veins. B. The pattern of the arterial supply of the spinal eord 
is from three longitudinal arteries: one anterior lying in the anteromedian position and the other tvvo lying posterolaterally. These vessels are 
reinforeed by medullary branehes derived from the segmental arteries. The sulcal arteries are small branehes of the anterior spinal artery coursing in 
the anterior median fissure. 


enlargements, regions where the need for a good blood snp- 
ply is greatest. They enter the vertebral eanal throngh the IV 
foramina. 

The great anterior segmental mednllary artery (of 

Adamkiewiez), whieh is on the left side in abont 65% of 
people, reinforees the eirenlation to two thirds of the spinal 
eord, inelnding the Inmbosaeral enlargement (Figs. 4.39 and 
4.46A). The great artery, mneh larger than the other segmen- 
tal mednllary arteries, nsnally arises via a spinal braneh from 
an inferior intereostal or npper Inmbar artery and enters the 
vertebral eanal throngh the IV foramen at the lower thoraeie 
or npper Inmbar level. 

The posterior and anterior roots of the spinal nerves 
and their eoverings are snpplied by posterior and ante- 
rior radienlar arteries (L. radix, root), which rnn along 
the nerve roots (Figs. 4.46 and 4.47). The radienlar arter- 
ies do not reaeh the posterior, anterior, or spinal arteries. 
Segmental mednllary arteries replaee the radienlar arteries 
at the irregnlar levels at which they oeenr. Most radienlar 
arteries are small and snpply only the nerve roots; however. 


some of them may assist with the snpply of snperfieial parts 
of the gray matter in the posterior and anterior horns of the 
spinal eord. 

VEINS OF SPINAL CORD 

In general, the veins of the spinal eord have a distribn- 
tion similar to that of the spinal arteries. There are nsnally 
three anterior and three posterior spinal veins (Fig. 
4.47A). The spinal veins are arranged longitndinally, eom- 
mnnieate freely with eaeh other, and are drained by up 
to 12 anterior and posterior mednllary and radienlar 
veins. The veins of the spinal eord join the internal verte- 
bral (epidnral) venons plexuses in the epidnral spaee (see 
Fig. 4.27). The ìnternal vertehral venons plexuses pass 
snperiorly throngh the foramen magnnm to eommnnieate 
with dnral sinnses and vertebral veins in the eraninm. The 
internal vertebral plexuses also eommnnieate with the 
external vertebral venons plexuses on the external snrfaee 
of the vertebrae. 
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eONTENTS OF VERTEBRAL GANAL 

eompression of Lnmbar Spinal Nerve 
Roots 

The lumbar spinal nerves inerease in size from snpe- 
rior to inferior, whereas the IV foramina deerease in 
diameter. Consequently, the L5 spinal nerve roots are 
the thiekest and their foramina, the narrowest. This inereases 
the ehanee that these nerve roots will be eompressed if osteo- 
phytes (bony spurs) develop (see Fig. B4.9B), or hemiation of 
an IV dise oeenrs. 

Myelography 

Myelography is a radiopaque eontrast proeednre that 
allows visnalization of the spinal eord and spinal nerve 
roots (Fig. 4.44B). In this proeednre, CSF is with- 
drawn by Inmbar puncture and replaeed with a eontrast mate- 
rial injeeted into the spinal snbaraehnoid spaee. This technique 
shows the extent of the snbaraehnoid spaee and its extensions 
aronnd the spinal nerve roots within the dural root sheaths. 
High-resolution MRI has largely snpplanted myelography. 

Development of Meninges 
and Snbaraehnoid Spaee 

Together, the araehnoid and pia mater form the 
leptomeninges (G. slender membranes). They 
develop as a single layer from the mesenehyme sur- 
rounding the embryonie spinal eord. Fluid-filled spaees form 
within this layer and eoalesee to prodnee the snbaraehnoid 
spaee (Moore, et al., 2012). The origin of both pia and araeh- 
noid from a single membrane is refieeted by the numerous 
araehnoid trabeenlae passing between them (Fig. 4.42). In 
adnlts, the araehnoid is thiek enongh to be manipnlated with 
foreeps. The delieate pia mater gives a shiny appearanee to 
the snrfaee of the spinal eord but is barely visible to the 
unaided eye as a distinet layer. 
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FIGURE B4.18. 


Lumbar Spinal Puncture 

Lnmhar puncture (LP, spinal tap), the withdrawal of 
eSF from the Inmbar eistem, is an important diag- 
nostie tool for evalnating a variety of eentral nervons 
system (CNS) disorders. Meningitis and diseases of the CNS 
may alter the eells in the CSF or ehange the eoneentration of 
its ehemieal eonstitnents. Examination of CSF ean also deter- 
mine if blood is present. 

LP is performed with the patient lying on the side with 
the baek and hips fiexed (knee-ehest position, Fig. B4.18). 
Flexion of the vertebral eolnmn faeilitates insertion of the 
needle by spreading apart the vertebral laminae and spinons 
proeesses, stretehing the ligamenta fiava. 


The skin eovering the lower Inmbar vertebrae is anesthe- 
tized, and a lumhar puncture needle, fitted with a stylet, is 
inserted in the midline between the spinons proeesses of the 
L3 and L4 (or L4 and L5) vertebrae. Reeall that a plane tran- 
seeting the highest points of the iliae erests—the snpraeris- 
tal plane —nsnally passes throngh the L4 spinons proeess. At 
these levels, there is no danger of damaging the spinal eord. 

After passing 4-6 em in adnlts (more in obese persons), 
the needle “pops” throngh the ligamentnn fiavnm, then 
pnnetnres the dnra and araehnoid and enters the Inmbar eis- 
tern. When the stylet is removed, CSF eseapes at the rate of 
approximately one drop per seeond. If snbaraehnoid pres- 
snre is high, CSF fiows ont or eseapes as a jet. 
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Lumbar puncture is not performed in the presenee of 
inereased intraeranial pressnre (within the eranial eavity). 
The intraeranial pressnre is generally previonsly deter- 
mined by CT seanning, but may also be determined by 
examination of the fundus (baek) of the interior of the eye- 
ball with an ophthalmoseope (see blue box “Papilledema,” 

p. 911). 

Spinal Anesthesia 

An anesthetie agent is injeeted into the snbaraehnoid 
spaee. Anesthesia usually oeeurs within 1 minnte. A 
headaehe may follow spinal anesthesia, which likely 
resnlts from the leakage of CSF throngh the Inmbar puncture. 
(See also the blue box “Anesthesia for ehildbirth,” p. 397.) 



Epidnral Anesthesia (Bloeks) 

An anesthetie agent is injeeted into the epidnral spaee 
using the position deseribed for Inmbar spinal punc- 
ture, or through the saeral hiatus (eaudal epidural 
anesthesia/bloek). (See also the blue box “Anesthesia for 

ehildbirth,” p. 397.) 




isehemia of Spinal Cord 

The segmental reinforeements of the blood snpply to 
the spinal eord from the segmental mednllary arteries 
are important in snpplying blood to the anterior and 
posterior spinal arteries. Fraetnres, disloeations, and fraetnre- 
disloeations may interfere with the blood snpply to the spinal 
eord from the spinal and mednllary arteries. 

Defieient blood snpply (isehemia) of the spinal eord affeets 
its fimetion and ean lead to mnsele weakness and paralysis. 
The spinal eord may also snffer eirenlatory impairment if the 
segmental mednllary arteries, partienlarly the great anterior 
segmental mednllary artery (of Adamkiewiez), are narrowed 
by ohstraetive arterial disease. 

Sometimes the aorta is pnrposely oeelnded (eross 
elamped) dnring snrgery. Patients nndergoing sueh sur- 
geries, and those with ruptured aneurysms of the aorta or 
oeclusion of the great anterior segmental mednllary artery, 
may lose all sensation and volnntary movement inferior to 
the level of impaired blood snpply to the spinal eord (para- 
plegia) seeondary to death of nenrons in the part of the 
spinal eord snpplied by the anterior spinal artery (Figs. 4.46 

and 4.47). 

Nenrons with eell bodies distant from the site of isehemia 
of the spinal eord will also die, seeondary to the degenera- 
tion of axons traversing the site. The likelihood of iatrogenie 
paraplegia depends on such faetors as the age of the patient. 


the extent of the disease, and the length of time the aorta is 
eross elamped. 

When systemie blood pressnre drops severely for 3-6 
min, blood fiow from the segmental mednllary arteries to 
the anterior spinal artery snpplying the midthoraeie region 
of the spinal eord may be redneed or stopped. These people 
may also lose sensation and volnntary movement in the areas 
snpplied by the affeeted level of the spinal eord. 



Spìnal Cord Injnrìes 

The vertebral eanal varies eonsiderably in size and 
shape from level to level, partienlarly in the eervieal 
and Inmbar regions. A narrow vertebral eanal in the 
eervieal region, into which the spinal eord fits tightly, is poten- 
tially dangerons beeanse a minor fraetnre and/or disloeation of 
a eervieal vertebra may damage the spinal eord. The protrnsion 
of a eervieal IV dise into the vertebral eanal after a neek injnry 
may eause spinal eord shoek assoeiated with paralysis inferior 
to the site of the lesion. 

In some people, no fraetnre or disloeation of eervieal ver- 
tebrae ean be found. If the individnal dies and an antopsy is 
performed, a softening of the spinal eord may be deteeted at 
the site of the eervieal dise protrnsion. Eneroaehment of the 
vertebral eanal by a protrnding IV dise, by swollen ligamenta 
fiava, or resnlting from osteoarthritis of the zygapophysial 
joints may exert pressnre on one or more of the spinal nerve 
roots of the eauda equina. Pressnre may prodnee sensory and 
motor symptoms in the area of distribntion of the involved 
spinal nerve. This group of bone and joint abnormalities, 
ealled Inmhar spondylosis (degenerative joint disease), also 
eanses loealized pain and stiffness. 

Transeetion of the spinal eord resnlts in loss of all sensa- 
tion and volnntary movement inferior to the lesion. Transee- 
tion between the following levels will resnlt in the indieated 
effeets: 


• Cl-C3: no fnnetion below head level; a ventilator is 
required to maintain respiration. 

• C4-C5: gnadriplegia (no fimetion of upper and lower 
limbs); respiration oeenrs. 

• C6-C8: loss of lower limb fimetion eombined with a loss 
of hand and a variable amonnt of upper limb fimetion; the 
individnal may be able to self-feed or propel a wheelchair. 

• T1-T9 paraplegia (paralysis of both lower limbs); the 
amonnt of trunk eontrol varies with the height of the 
lesion. 

• TlO-Ll: some thigh mnsele fimetion, which may allow 
walking with long leg braees. 

• L2-L3: retention of most leg mnsele fimetion; short leg 
braees may be required for walking. 
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The Bottom Lìne 


eONTENTS OF VERTEBRAL GANAL 

The spinal eord, spinal nerve roots, CSF, and meninges that 
surround them are the main eontents of the vertebral eanal. 

Spìnal eord: In adults, the spinal eord occupies only the 
superior two thirds ofthe vertebral eanal and has two (eervieal 
and lumbosacral) enlargements related to innervation of the 
limbs. ♦ The inferior, tapering end of the spinal eord, the 
conus medullaris, ends at the level of the L1 or L2 vertebra. 

♦ However, the filum terminale and spinal nerve roots from the 
lumbosacral part of the spinal eord that form the cauda equina 
continue inferiorly within the lumbar eistern 
eontaining CSF. 

Spìnal menìnges and eSF: Nerve tissues and neurovas- 
cular structures of the vertebral eanal are suspended in CSF 
eontained within the dural sae and dural root sheaths. ♦ The 
fluid-filled subarachnoid spaee is lined with pia and araehnoid 


mater, which are continuous membranes (leptomeninges). 

♦ Because the spinal eord does not extend into the lumbar 
eistern (the inferior part of the subarachnoid spaee), it is an 
ideal site for sampling CSF or for injeetion of anesthetie agents. 

Vasculature of spìnal eord and spìnal nerve 
roots: Longitudinal spinal arteries supplying the spinal eord 
are reinforeed by asymmetrie segmental medullary arteries 
occurring at irregular levels (mostly in assoeiation with the 
eervieal and lumbar enlargements) that also supply the spinal 
nerve roots at those levels ♦ At levels and on the sides where 
segmental medullary arteries do not occur, radicular arteries 
supply the nerve roots. ♦ The veins draining the spinal eord 
have a distribution and drainage generally refleetive of the 
spinal arteries, although there are normally three longitudinal 
spinal veins both anteriorly and posteriorly. 
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Board-review questions, ease studies, and additional resources are available at thePoint.lww.com. 
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OVERVIEW OF LOWER LIMB 

The lower limbs (extremities) are extensions from the trnnk 
speeialized to snpport body weight, íor loeomotion (the ability 
to move from one plaee to another), and to maintain balanee. 
The lower limbs have six major regions (Fig. 5.1): 

1. The glnteal region (G. glontos, bnttoeks) is the transi- 
tional region between the trnnk and free lower limbs. It 
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FIGIJRE 5.1. Regions and bones of lower limb. 


inelndes two parts of the lower limb: the ronnded, promi- 
nent posterior region, the buttocks (L. nates, elnnes), 
and the lateral, nsnally less prominent hip region 
(L. regìo eoxae), which overlies the hip joint and greater 
troehanter of the femnr. The “width of the hips” in eom- 
mon terminology is a referenee to one’s transverse dimen- 
sions at the level of the greater troehanters. The glnteal 
region is bonnded snperiorly by the iliae erest, medially 
by the interglnteal eleft (natal eleft), and inferiorly by the 
skin fold (groove) nnderlying the bnttoeks, the glnteal 
fold (L. suleus glutealis). The glnteal mnseles, overlying 
the pelvie girdle, eonstitnte the bnlk of this region. 

2. The femoral region (thigh) is the region of the free lower 
limb that lies between the glnteal, abdominal, and perineal 
regions proximally and the knee region distally. It inelndes 
most of thefemur (thigh bone). The transition from trnnk 
to free lower limb oeenrs abrnptly in the ingainal region 
or groin. Here the bonndary between the abdominal and 
perineal regions and the femoral region is demareated by 
the ingninal ligament anteriorly and the isehiopnbie ramns 
of the hip hone (part of the pelvie girdle or skeleton of the 
pelvis) medially. Posteriorly, the glnteal fold separates the 
glnteal and femoral regions (see Fig. 5.46A). 

3. The knee region (L. regio genus) inelndes the promi- 
nenees (eondyles) of the distal femnr and proximal tibia, 
the head of the fibnla, and the patella (knee eap, which 
lies anterior to the distal end of the femnr), as well as 
the joints between these bony strnetnres. The posterior 
region of the knee (L. poples) inelndes a well-defined, 
fat-filled hollow, transmitting nenrovasenlar strnetnres, 
ealled the popliteal fossa. 

4. The leg region (L. regio cruris) is the part that lies 
between the knee and the narrow, distal part of the leg. 
It inelndes most of the tihia (shin bone) and fihula (ealf 
bone). The leg (L., crus) eonneets the knee and foot. 
Often laypersons refer ineorreetly to the entire lower limb 
as “the leg.” 

5. The ankle (L. tarsus) or taloernral region (L. regio talo- 
cruralis) inelndes the medial and lateral prominenees 
(malleoli) that fiank the ankle (taloernral) joint. 

6. Thefoot (L. pes) or foot region (L. regio pedis) is the 
distal part of the lower limb eontaining the tarsus, meta- 
tarsus, Mìdphalanges (toe bones). The toes are the digits 
of the foot. The great toe (L. hallux), like the thnmb, 
has only two phalanges (digital bones); the other digits 
have three. 

DEVELOPMENT OF LOWER LIMB 

Development of the lower limb is illnstrated, explained, and 
eontrasted with that of the npper limb in Fignre 5.2. Initially, 
the development of the lower limb is similar to that of the 
npper limb, althongh oeenrring abont a week later. Dnring 
the 5th week, lower limb bnds bnlge from the lateral aspeet 
of the L2-S2 segments of the trnnk (a broader base than 
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Dpper limb bud 
(C5-T1 segments) 


\ 

Lower limb bud 
(L2-S2 segments) 





(A) 

During early development, the trunk is 
divided into segments (metameres) that 
eorrespond to and reeeive innervation 
from the eorresponding spinal eord 
segments. During the 4th week of 
development, the upper limb buds 
appear as elevations of the C5-T1 
segments of the anterolateral body wall. 
Following the eranial to caudal pattern of 
development eommon to other systems, 
the lower limb buds appear about a 
week later (5th week). The lower limb 
buds grow laterally from broader bases 
formed by the L2-S2 segments. 


The distal ends of the limb buds 
flatten into paddle-like hand and 
foot plates that are elongated in 
the craniocaudal axis. Initially, 
both the thumb and the great toe 
are on the eranial sides of the 
developing hand and foot, 
direeted superiorly, with the 
palms and soles direeted 
anteriorly. Flexures occur where 
gaps develop between the 
precursors of the long bones 
[see (E)]. At first, the limbs bend 
anteriorly, so that the elbow and 
knee are direeted laterally, 
causing the palm and sole to be 
direeted medially (toward the 
trunk). 


By the end of the 7th week, 
the proximal parts of the 
upper and lower limbs 
undergo a 90° torsion around 
their long axes, but in 
opposite direetions, so that 
the elbow beeomes direeted 
caudally and the knee 
eranially. 


Segments 



(D) 


A-D Ventral 
(anterior) views 


In the lower limb, the torsion of 
the proximal limb is aeeompa- 
nied by a permanent pronation 
(twisting) of the leg, so that the 
foot beeomes oriented with the 
great toe on the medial side. 



(E) 

As the limb buds elongate, the loose mesenehyme 
within them eondenses eentrally, and cartilaginous 
models of the limb bones appear. The distal ends 
of the limb buds flatten into paddle-like plates 
(hand plates and foot plates) elongated in the 
craniocaudal axis. Gaps develop between precur- 
sors of the long bones where flexures (future 
elbow and knee joints) will occur. 


eartilage models of indieated bones 


Loose 
mesenehyme 


Digital rays 


Pubis 



Tarsal eartilages 


(F) 

During the 7th week, digital rays, the first indieation 
of future digits, appear. The thinner tissue between 
the digital rays undergoes apoptosis (programmed 
eell death), causing notehes to develop, so that the 
rays soon appear as webbed fingers and toes. As 
the tissue breakdown progresses, separate digits 
are formed by the end of the eigth week. (Moore et 
al., 2012) 


FIGIJRE 5.2. Development of lower limbs. A-D. The upper and lovver limbs develop from limb buds that arise from the lateral body vvall during the 4th 
and 5th weeks, respeetively. They then elongate, develop fìexures, and rotate in opposite direetions. Segmental innervation is maintained, the dermatomal 
pattern refìeeting the elongation and spiraling of the limb. E and F. Future bones develop from eartilage models, demonstrated at the end of the 6th week 
(E) and beginning ofthe 7th week (F). 
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for the upper limbs) (Fig. 5.2A). Both limbs initially extend 
from the trnnk with their developing thnmbs and great toes 
direeted snperiorly and the palms and soles direeted anteri- 
orly. Both limbs then nndergo torsion around their long axes, 
but in opposite direetions (Fig. 5.2B-D). 

The medial rotation and permanent pronation of the 
lower limb explain how: 

• the knee, nnlike the joints snperior to it, extends anteriorly 
and flexes posteriorly, as do the joints inferior to the knee 
(e.g., interphalangeal joints of the toes); 

• the foot beeomes oriented with the great toe on the 
medial side (Fig. 5.2D), whereas the hand (in the ana- 
tomieal position) beeomes oriented with the thumb on the 
lateral side; and 

• the “barber-pole” pattern of the segmental innervation of 
the skin (dermatomes) of the lower limb develops (see 
“Cutaneous Innervation of Lower Limb,” p. 536). 

The torsion and twisting of the lower limb is still in prog- 
ress at birth (note that babies’ feet tend to meet sole to sole 
when they are bronght together, like elapping). Gompletion 
of the proeess eoineides with the mastering of walking skills. 


BONES OF LOWER LIMB 


The skeleton of the lower limb (inferior appendienlar skel- 
eton) may be divided into two fimetional eomponents: the 
pelvie girdle and the bones of the free lower limb (Fig. 5.1). 
The pelvie girdle (bony pelvis) is a bony ring eomposed of 
the saernm and right and left hip bones joined anteriorly at 
the pubic symphysis. 

The pelvie girdle attaehes the free lower limb to the axial 
skeleton, the saernm being eommon to the axial skeleton and 
the pelvie girdle. The pelvie girdle also makes up the skeleton 
of the lower part of the trunk. Its proteetive and snpportive 
fimetions serve the abdomen, pelvis, and perinenm as well 
as the lower limbs. The hones of thefree lotver limh are eon- 
tained within and speeifleally serve that part of the limb. 

Arrangement of Lower Limb Bones 

Body weight is transferred from the vertebral eolnmn throngh 
the saero-iliaejoints to the pelvie girdle and from the pelvie gir- 
dle throngh the hip joints to the femnrs (L.femora) (Fig. 5.3A). 
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FIGIJRE 5.3. Pelvìe gìrdle and related 
Sacrum joints, demonstrating transfer of weight. 

A. The weight of the upper body, trans- 
mitted eentrally through the vertebral 
column (1), is divided and direeted later- 
ally by means of the bony areh formed by 
the sacrum and ilia (2). Thiek portions of 
the ilia transfer the weight to the femurs 

(3) . The pubic rami form “struts” or braees 
that help maintain the integrity of the areh 

(4) . B. The arrangement of the lower limb 
bones of bipeds is eompared to that of 
quadrupeds. The diagonal disposition of 
the femur reeenters support direetly inferior 
to the trunk (body mass) to make bipedal 
standing more effieient and to enable 
bipedal walking, in which the full weight is 
borne alternately by eaeh limb. 
n quadrupeds, the trunk is suspended 
between essentially vertieal limbs, requiring 
simultaneous support from eaeh side. 
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To support the ereet bipedal posture better, the femurs are 
oblique (direeted inferomedially) within the thighs so that when 
standing the knees are adjaeent and plaeed direetly inferior to 
the trunk, retnming the eenter of gravity to the vertieal lines of 


the snpporting legs and feet (Figs. 5.1, 5.3, and 5.4). Gompare 
this oblique position of the femnrs with that of quadmpeds, in 
whom the femnrs are vertieal and the knees are apart, with the 
tmnk mass snspended between the limbs (Fig. 5.3B). 
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FIGIJRE 5.4. Bones of lower limb. A and B. Individual bones and bony formations are identified. The foot is in full plantarfìexion. The hip joint is 
disarticulated (B) to demonstrate the acetabulum ofthe hip bone, vvhieh reeeives the head of the femur. 
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The femurs of human females are slightly more oblique 
than those of males, refleeting the greater width of their 
pelves. At the knees, the distal end of eaeh femnr artienlates 
with the patella and tibia of the eorresponding leg. Weight is 
transferred from the knee joint to the ankle joint by the tibia. 
The flbnla does not artienlate with the femur and does not 
bear or transfer weight, bnt it provides for mnsele attaeh- 
ment and eontribntes to the formation of the ankle joint. 

At the ankle, the weight borne by the tibia is transferred 
to the talns (Fig. 5.4). The talns is the keystone of a longitn- 
dinal areh formed by the tarsal and metatarsal bones of eaeh 
foot that distribntes the weight evenly between the heel and 
forefoot when standing, ereating a flexible bnt stable bony 
platform to snpport the body. 


Hìp Bone 

The matnre hip bone (L. os coxae) is the large, flat pelvie bone 
formed by the fnsion of three primary bones— isehinm, 
and puhis —at the end of the teenage years. Eaeh of the three 
bones is formed from its own primary eenter of ossifleation; 
flve seeondary eenters of ossifleation appear later. 

At birth, the three primary bones are joined by hyaline 
eartilage; in ehildren, they are ineompletely ossifled (Fig. 5.5). 
At pnberty, the three bones are still separated by a Y-shaped 
triradiate eartilage eentered in the aeetabnlnm, althongh 
the two parts of the isehiopnbie rami fnse by the 9th year 
(Fig. 5.5B). The bones begin to fnse between 15 and 17 years 
of age; fnsion is eomplete between 20 and 25 years of age. 
Little or no traee of the lines of fnsion of the primary bones 
is visible in older adnlts (Fig. 5.6). Althongh the bony eom- 
ponents are rigidly fnsed, their names are still nsed in adnlts 
to deseribe the three parts of the hip bone. 

Beeanse mneh of the medial aspeet of the hip bones/bony 
pelvis is primarily eoneerned with pelvie and perineal strne- 
tnres and fnnetions (Ghapter 3) or their nnion with the ver- 
tebral eolnmn (Ghapter 4), it is deseribed more thoronghly 
in those ehapters. Aspeets of the hip bones eoneerned with 
lower limb strnetnres and fnnetions, mainly involving their 
lateral aspeets, are deseribed in this ehapter. 

ILIUM 

The ilium forms the largest part of the hip bone and eon- 
tribntes the snperior part of the aeetabnlnm (Fig. 5.5B). 
The ilium has thiek medial portions (eolnmns) for weight 
bearing and thin, wing-like, posterolateral portions, the alae 
(L. wings), that provide broad snrfaees for the fleshy attaeh- 
ment of mnseles (Fig. 5.3). 

The body of the ilium joins the pnbis and isehium to 
form the aeetabnlnm. Anteriorly, the ilinm has stont ante- 
rior superior and anterior inferior iliae spines that pro- 
vide attaehment for ligaments and tendons of lower limb 
muscles (Fig. 5.6). 

Beginning at the anterior snperior iliae spine (ASIS), the 
long enrved and thiekened snperior border of the ala of the 
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FIGITRE 5.5. Parts of hip bones. A. An anteroposterior radiograph ofan 
infant’s hips shovvs the three parts of the ineompletely ossified hip bones 
(ilium, ischium, and pubis). B. The right hip bone ofa 13-year-old demon- 
strating the Y-shaped triradiate eartilage. 


ilinm, the iliae erest, extends posteríorly, terminating at the 
posterior superior iliae spine (PSIS). The erest serves as a 
proteetive “bnmper” and is an important site of aponenrotie 
attaehment for thin, sheet-like muscles and deep faseia. A 
prominenee on the external lip of the erest, the tubercle of 
tbe iliae erest (iliae tnberele), lies 5-6 em posterior to the 
ASIS. The posterior inferior iliae spine marks the snpe- 
rior end of the greater seiatie noteh. 

The lateral snrfaee of the ala of the ilinm has three rongh 
enrved lines—the posterior, anterior, and inferior glnteal 
lines —that demareate the proximal attaehments of the three 
large glnteal mnseles (pL, glutei). Medially, eaeh ala has a 
large, smooth depression, the iliae fossa (Fig. 5.6B), that 
provides proximal attaehment for the iliaens muscle. The 
bone forming the snperíor part of this fossa may beeome thin 
and translneent, espeeially in older women with osteoporosis. 

Posteriorly, the medial aspeet of the ilinm has a rongh, 
ear-shaped artienlar area ealled the auricular surface 
(L. aurieula, a little ear), and an even rongher iliae tuberosity 
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FIGIJRE 5.6. Right hip bone of adult in anatomieal position. In this position, the anterior superior iliae spine (ASIS) and the anterior aspeet ofthe pubis 
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superior to it for synovial and syndesmotie articulation with 
the reeiproeal snrfaees of the saernm at the saero-iliae joint. 

ISCHIUM 

The ischium forms the postero-inferior part of the hip bone. 
The snperior part of the body of the ischium fiises with the 
pubis and ilium, forming the postero-inferior aspeet of the aee- 
tabulum. The ramus of the ischium joins the inferior ramas 
of the pnhis to form a bar of bone, the ischiopubic ramus 
(Fig. 5.6A), which eonstitntes the inferomedial bonndary of 
the ohtnrator foramen. The posterior border of the isehinm 
forms the inferior margin of a deep indentation ealled the 
greater seiatie noteh. The large, triangnlar isehial spine at 
the inferior margin of this noteh provides ligamentons attaeh- 
ment. This sharp demareation separates the greater seiatie 
noteh from a more inferior, smaller, ronnded, and smooth- 
snrfaeed indentation, the lesser seiatie noteh. The lesser 
seiatie noteh serves as a troehlea or pnlley for a mnsele that 
emerges from the bony pelvis. The rough bony projeetion at 
the jnnetion of the inferior end of the body of the isehinm and 
its ramus is the large isehial tnberosity. The body’s weight 
rests on this tnberosity when sitting, and it provides the proxi- 
mal, tendinons attaehment of posterior thigh mnseles. 

PUBIS 

The pubis forms the anteromedial part of the hip bone, eon- 
tribnting the anterior part of the acetabulum, and provides 
proximal attaehment for mnseles of the medial thigh. The 
pubis is divided into a flattened medially plaeed body and 
superior and inferior rami that projeet laterally from the 

body (Fig. 5.6). 

Medially, the symphysial surface of the body of the 
pubis articulates with the eorresponding snrfaee of the body 
of the eontralateral pubis by means of the pnhie symphysis 
(Fig. 5.3A). The anterosnperior border of the nnited bodies 
and symphysis forms the pubic erest, which provides attaeh- 
ment for abdominal mnseles. 

Small projeetions at the lateral ends of this erest, the pubic 
tubercles, are important landmarks of the inguinal regions 
(Fig. 5.6). The tnbereles provide attaehment for the main 
part of the ingninal ligament and thereby indireet mnsele 
attaehment. The posterior margin of the snperior ramus of 
the pubis has a sharp raised edge, the peeten pubis, which 
forms part of the pelvie brim (see Ghapter 3). 

OBTURATOR FORAMEN 

The obturator foramen is a large oval or irregularly trian- 
gular opening in the hip bone. It is bonnded by the pubis and 
isehinm and their rami. Except for a small passageway for the 
obtnrator nerve and vessels (the ohtnrator eanal), the obtnrator 
foramen is elosed by the thin, strong ohtnratormemhrane. The 
presenee of the foramen minimizes bony mass (weight) while 
its elosnre by the obtnrator membrane still provides extensive 
snrfaee area on both sides for fleshy mnsele attaehment. 


ACETABULUM 

The acetabulum (L., shallow vinegar cup) is the large cup- 
shaped eavity or soeket on the lateral aspeet of the hip bone 
that artienlates with the head of the femur to form the hip 
joint (Fig. 5.6A). All three primary bones forming the hip 
bone eontribnte to the formation of the acetabulum (Fig. 5.5). 

The margin of the acetabulum is ineomplete inferiorly at 
the acetabular noteb, which makes the fossa resemble a 
cup with a pieee of its lip missing (Fig. 5.6A). The rough 
depression in the floor of the acetabulum extending snperi- 
orly from the aeetabnlar noteh is the acetabular fossa. The 
aeetabnlar noteh and fossa also ereate a defleit in the smooth 
lunate snrfaee of tbe acetabulum, the artienlar snrfaee 
reeeiving the head of the femur. 

ANATOMieAL POSITION OF HIP BONE 

Surfaces, borders, and relationships of the hip bone are 
deseribed assnming that the body is in the anatomieal posi- 
tion. To plaee an isolated hip bone or bony pelvis in this posi- 
tion, sitnate it so that the: 

• ASIS and the anterosnperior aspeet of the pubis lie in the 
same eoronal plane. 

• Symphysial snrfaee of the pubis is vertieal, parallel to the 
median plane (Fig. 5.6). 

In the anatomieal position, the: 

• Acetabulum faees inferolaterally, with the aeetabnlar 
noteh direeted inferiorly. 

• Obtnrator foramen lies inferomedial to the acetabulum. 

• Internal aspeet of the body of the pubis faees almost 
direetly superiorly. (It essentially forms a floor on which 
the nrinary bladder rests.) 

• Snperior pelvie apertnre (pelvie inlet) is more vertieal 
than horizontal; in the anteroposterior (AP) view, the tip 
of the coccyx appears near its eenter (Fig. 5.3). 

Femur 

The femur is the longest and heaviest bone in the body. It 
transmits body weight from the hip bone to the tibia when 
a person is standing (Fig. 5.4). Its length is approximately a 
quarter of the person’s height. The femur eonsists of a sbaft 
(body) and two ends, snperior or proximal and inferior or 

distal (Fig. 5.7). 

The snperior (proximal) end of the femur eonsists of a 
head, neek, and two troehanters (greater and lesser). The 
round bead of tbe femur makes up two thirds of a sphere 
that is eovered with articular eartilage, except for a medially 
plaeed depression or pit, the fovea for tbe ligament of tbe 
bead. In early life, the ligament gives passage to an artery 
snpplying the epiphysis of the head. The neek of tbe femur 
is trapezoidal, with its narrow end snpporting the head and 
its broader base being continuous with the shaft. Its average 
diameter is three quarters that of the femoral head. 
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FIGIJRE 5.7. Right fennur. A and B. The bony features of an adult femur are shovvn. Functionally and morphologieally, the bone eonsists of highly modi- 
fied superior and inferior ends and an intervening eylindrieal shaft. A-E. The femur is “bent” so that the long axis of the head and neek lies at an angle (angle 
of inelination) to that of the shaft. When the massive femoral eondyles rest on a horizontal surface, the femur assumes its oblique anatomieal position in 
vvhieh the eenter ofthe round femoral head lies direetly superior to the intereondylar fossa. C-E. The angle of inelination deereases (beeomes more acute) 
vvith age, resulting in greater stress at a time vvhen bone mass is reduced. When the femur is vievved along the long axis of the femoral shaft, so that the proxi- 
mal end is superimposed over the distal end (F), it ean be seen that the axis of the head and neek of the femur forms a 12° angle vvith the transverse axis of 
the femoral eondyles (angle of torsion). 
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The proximal femur is “bent” (L-shaped) so that the long 
axis of the head and neek projeets snperomedially at an angle 
to that of the obliquely oriented shaft (Fig. 5.7A & B). This 
obtnse angle of inelination is greatest (most nearly straight) 
at birth and gradnally diminishes (beeomes more aeute) 
until the adult angle is reaehed (115-140°, averaging 126°) 

(Fig. 5.7C-E). 

The angle of inelination is less in females beeanse of the 
inereased width between the aeetabnla (a consequence of a 
wider lesser pelvis) and the greater obliquity of the femoral 
shaft. The angle of inelination allows greater mobility of the 
femur at the hip joint beeanse it plaees the head and neek 
more perpendienlar to the acetabulum in the nentral posi- 
tion. The abdnetors and rotators of the thigh attaeh mainly 
to the apex of the angle (the greater troehanter) so they are 
pnlling on a lever (the short limb of the L) that is direeted 
more laterally than vertieally. This provides inereased lever- 
age for the abdnetors and rotators of the thigh, and allows the 
eonsiderable mass of the abdnetors of the thigh to be plaeed 
snperior to the femur (in the glnteal region) instead of lateral 
to it, freeing the lateral aspeet of the femoral shaft to provide 
an inereased area for the fleshy attaehment of the extensors 
of the knee. 

The angle of inelination also allows the obliquity of the 
femur within the thigh, which permits the knees to be adja- 
eent and inferior to the trunk, as explained previonsly. All of 
this is advantageons for bipedal walking; however, it imposes 
eonsiderable strain on the neek of the femur. Consequently, 
fraetnres of the femoral neek ean occur in older people as a 
resnlt of a slight stnmble if the neek has been weakened by 
osteoporosis (pathologie rednetion of bone mass). 

The torsion of the proximal lower limb (femur) that 
occurred during development does not eonelnde with the 
long axis of the snperior end of the femur (head and neek) 
parallel to the transverse axis of the inferior end (femoral 
eondyles). When the femur is viewed superiorly (so that one 
is looking along the long axis of the shaft), it is apparent that 
the two axes lie at an angle (the torsion angle, or angle 
of deelination), the mean of which is 7° in males and 12° 
in females. The torsion angle, eombined with the angle of 
inelination, allows rotatory movements of the femoral head 
within the obliquely plaeed acetabulum to eonvert into flex- 
ion and extension, abdnetion and addnetion, and rotational 
movements of the thigh. 

Where the femoral neek and shaft join there are two large, 
blunt elevations ealled troehanters (Fig. 5.7A, B, & F). The 
abrnpt, eonieal and ronnded lesser troehanter (G., a rnnner) 
extends medially from the posteromedial part of the jnnetion 
of the neek and shaft to give tendinons attaehment to the 
primary flexor of the thigh (the iliopsoas). 

The greater troehanter is a large, laterally plaeed bony 
mass that projeets snperiorly and posteriorly where the neek 
joins the femoral shaft, providing attaehment and leverage 
for abdnetors and rotators of the thigh. The site where the 
neek and shaft join is indieated by the intertroehanterie 
line, a ronghened ridge formed by the attaehment of a 


powerful ligament (iliofemoral ligament). The intertroehan- 
terie line runs from the greater troehanter and winds aronnd 
the lesser troehanter to eontinne posteriorly and inferiorly as 
a less distinet ridge, the spiral line. 

A similar but smoother and more prominent ridge, the 
intertroehanterie erest, joins the troehanters posteri- 
orly. The ronnded elevation on the erest is the quadrate 
tnherele. In anterior and posterior views (Fig. 5.7A & B), 
the greater troehanter is in line with the femoral shaft. In 
posterior and snperior views (Fig. 5.7B & F), it overhangs a 
deep depression medially, the troehanterie fossa. 

The shaft of the femnr is slightly bowed (convex) ante- 
riorly. This convexity may inerease markedly, proeeeding 
laterally as well as anteriorly, if the shaft is weakened by a 
loss of ealeinm, as oeenrs in riekets (a disease attribntable to 
vitamin D defleieney). Most of the shaft is smoothly ronnded, 
providing fleshy origin to extensors of the knee, except poste- 
riorly where a broad, rough line, the linea aspera, provides 
aponenrotie attaehment for addnetors of the thigh. This ver- 
tieal ridge is espeeially prominent in the middle third of the 
femoral shaft, where it has medial and lateral lips (mar- 
gins). Snperiorly, the lateral lip blends with the broad, rough 
glnteal tnberosity, and the medial lip eontinnes as a nar- 
row, rough spiral line. 

The spiral line extends toward the lesser troehanter but 
then passes to the anterior snrfaee of the femur, where it 
is continuous with the intertroehanterie line. A prominent 
intermediate ridge, the peetineal line, extends from the 
eentral part of the linea aspera to the base of the lesser tro- 
ehanter. Inferiorly, the linea aspera divides into medial and 
lateral snpraeondylar lines, which lead to the medial and 
lateral femoral eondyles (Fig. 5.7B). 

The medial and lateral femoral eondyles make up 
nearly the entire inferior (distal) end of the femur. The two 
eondyles are on the same horizontal level when the bone is in 
its anatomieal position, so that if an isolated femur is plaeed 
upright with both eondyles eontaeting the floor or tabletop, 
the femoral shaft will assnme the same oblique position it 
oeenpies in the living body (about 9° from vertieal in males 
and slightly greater in females). 

The femoral eondyles artienlate with menisei (ereseen- 
tie plates of eartilage) and tibial eondyles to form the knee 
joint (Fig. 5.4). The menisei and tibial eondyles glide as a 
unit aeross the inferior and posterior aspeets of the femoral 
eondyles dnring flexion and extension. The convexity of the 
artienlar snrfaee of the eondyles inereases as it deseends the 
anterior snrfaee, eovering the inferior end, and then aseends 
posteriorly. The eondyles are separated posteriorly and infe- 
riorly by an intereondylar fossa but merge anteriorly, form- 
ing a shallow longitndinal depression, the patellar snrfaee 
(Fig. 5.7), which artienlates with the patella. The lateral sur- 
faee of the lateral eondyle has a eentral projeetion ealled the 
lateral epieondyle. The medial snrfaee of the medial eondyle 
has a larger and more prominent medial epieondyle, snperior 
to which another elevation, the addnetor tnberele, forms 
in relation to a tendon attaehment. The epieondyles provide 
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proximal attaehment for the medial and lateral eollateral liga- 
ments of the knee joint. 

SURFACE ANATOMY OF PELVIG GIRDLE 
AND FEMUR 

Bony landmarks are helpfnl dnring physieal examinations and 
snrgery beeanse they ean be nsed to evalnate normal devel- 
opment, deteet and assess fraetnres and disloeations, and 
loeate the sites of strnetnres sneh as nerves and blood vessels. 


When yonr hands are on yonr hips, they rest on yonr iliae 
erests (Fig. 5.8A). The anterior third of the erests is easily 
palpated beeanse the erests are snbentaneons (Fig. 5.8C & 
D). The posterior two thirds of the erests are more diffienlt 
to palpate beeanse they are nsnally eovered with fat. The iliae 
erest ends anteriorly at the ronnded ASIS (anterior snperior 
iliae spine), whieh is easy to palpate by traeing the iliae erest 
antero-inferiorly. The ASIS is often visible in thin individn- 
als. In obese people these spines are eovered with fat and 
may be diffienlt to loeate; however, they are easier to palpate 
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FIGIJRE 5.8. Surface anatomy of hip bone and femur. A. Surface landmarks. 
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when the person is sitting and the mnseles attaehed to them 
are relaxed. 

The iliae tnherele, 5-6 em posterior to the ASIS, marks the 
widest point of the iliae erest. To palpate this tnberele, plaee 
yonr thnmb on the ASIS and move yonr fingers posteriorly along 
the external lip of the iliae erest (Fig. 5.8B). The iliae tnberele 
lies at the level of the spinons proeess of the L5 vertebra. 

Approximately a hand’s width inferior to the nmbiliens, 
the hodies and snperior rami of the pnhie hones may be pal- 
pated (Fig. 5.8C). The pnhie tnherele ean be palpated abont 
2 em from the pnbie symphysis at the anterior extremity of 
the pnhie erest. The iliae erest ends posteriorly at the sharp 
PSIS (posterior snperior iliae spine) (Fig. 5.8D), whieh may 
be diffienlt to palpate; however, its position is easy to loeate 
beeanse it lies at the bottom of a skin dimple, approximately 
4 em lateral to the midline. The dimple exists beeanse the skin 
and nnderlying faseia attaeh to the PSIS. The skin dimples 
are nsefnl landmarks when palpating the area of the saero- 
iliae joints in seareh of edema (swelling) or loeal tenderness. 
These dimples also indieate the termination of the iliae erests 
from whieh bone marrow and pieees of bone for grafts ean be 
obtained (e.g., to repair a fraetnred tibia). 

The isehial tnherosity is easily palpated in the inferior 
part of the bnttoeks when the thigh is fiexed (Fig. 5.8E). The 
bnttoeks eovers and obsenres the tnberosity when the thigh 
is extended (Fig. 5.8D). The glntealfold eoineides with the 
inferior border of the glntens maximus and indieates the 
separation of the bnttoeks from the thigh. 

The eenter of \hefemoral head ean be palpated deep to a 
point approximately a thnmb’s breadth inferior to the mid- 
point of the ingninal ligament (Fig. 5.8C). The shaft of the 
femnr is eovered with mnseles and is not nsnally palpable. 
Only the snperior and inferior ends of the femnr are palpa- 
ble. The Isiterdilly p\sLced greater troehanter projeets snperior 
to the jnnetion of the shaft with the femoral neek and ean be 
palpated on the lateral side of the thigh approximately 10 em 
inferior to the iliae erest (Fig. 5.8B). 

The greater troehanter forms a prominenee anterior to 
the hollow on the lateral side of the bnttoeks (Fig. 5.8D). The 
prominenees of the greater troehanters are normally respon- 
sible for the width of the adnlt pelvis. The posterior edge of the 
greater troehanter is relatively nneovered and most easily pal- 
pated when the limb is not weight-bearing. The anterior and 
lateral parts of the troehanter are not easy to palpate beeanse 
they are eovered by faseia and mnsele. Beeanse it lies elose to 
the skin, the greater troehanter eanses diseomfort when yon 
lie on yonr side on a hard snrfaee. In the anatomieal position, a 
line joining the tips of the greater troehanters normally passes 
throngh the pnbie tnbereles and the eenter of the femoral 
heads. The lesser troehanter is indistinetly palpable snperior 
to the lateral end of the glnteal fold. 

The femoral eondyles are snbentaneons and easily pal- 
pated when the knee is fiexed or extended (Fig. 5.8C & D). At 
the eenter of the lateral aspeet of eaeh eondyle is a prominent 
epieondyle that is easily palpable. The patellar snrfaee of the 
femnr is where the patella slides dnring fiexion and extension 


of the leg at the knee joint. The lateral and medial margins 
of the patellar snrfaee ean be palpated when the leg is fiexed. 
The addnetor tnherele, a small prominenee of bone, may be 
felt at the snperior part of the medial femoral eondyle by 
pnshing yonr thnmb inferiorly along the medial side of the 
thigh nntil it eneonnters the tnberele. 

Tibia and Fibnla 

The tibia and fibnla are the bones of the leg (Figs. 5.4 and 
5.9). The tihia artienlates with the eondyles of the femnr 
snperiorly and the talns inferiorly, and in so doing transmits 
the body’s weight. Thefihnla mainly fnnetions as an attaeh- 
ment for mnseles, bnt it is also important for the stability of 
the ankle joint. The shafts of the tibia and fibnla are eon- 
neeted by a dense interosseons membrane eomposed of 
strong oblique fibers deseending from the tibia to the fibnla. 

TIBIA 

Loeated on the anteromedial side of the leg, nearly paral- 
lel to the fibnla, the tibia (shin bone) is the seeond largest 
bone in the body. It fiares outward at both ends to provide 
an inereased area for artienlation and weight transfer. The 
snperior (proximal) end widens to form medial and lateral 
eondyles that overhang the shaft medially, laterally, and 
posteriorly, forming a relatively fiat snperior artienlar sur- 
faee, or tihial platean. This platean eonsists of two smooth 
artienlar snrfaees (the medial one slightly eoneave and the 
lateral one slightly convex) that artienlate with the large eon- 
dyles of the femur. The articular surfaces are separated by 
an intereondylar eminenee formed by two intereondylar 
tnbereles (medial and lateral) fianked by relatively rough 
anterior and posterior intereondylar areas. 

The tnbereles fit into the intereondylar fossa between the 
femoral eondyles (Fig. 5.7B). The intereondylar tnbereles and 
areas provide attaehment for the menisei and prineipal liga- 
ments of the knee, which hold the femur and tibia together, 
maintaining eontaet between their artienlar snrfaees. 

The anterolateral aspeet of the lateral tibial eondyle bears 
an anterolateral tibial tnberele (Gerdy tnberele) inferior 
to the artienlar snrfaee (Fig. 5.9A), which provides the distal 
attaehment for a dense thiekening of the faseia eovering the 
lateral thigh, adding stability to the knee joint. The lateral 
eondyle also bears a fibnlar artienlar faeet posterolaterally 
on its inferior aspeet for the head of the fibnla. 

Unlike that of the femur, the shaft of the tibia is truly 
vertieal within the leg. It is somewhat triangnlar in eross- 
seetion, having three snrfaees and borders: medial, lateraF 
interosseons, and posterior. 

The anterior border of the tibia is the most prominent 
border. It and the adjaeent medial snrfaee are subcutane- 
ous throughout their lengths and are eommonly known as 
the “shin”. Their periosteal eovering and overlying skin are 
vnlnerable to brnising. At the snperior end of the anterior 
border, a broad, oblong tibial tnberosity provides distal 


ehapter 5 Lovver Limb 


521 


intereondylar 
tubercles of 
intereondylar 
eminenee 


Lateral eondyle 
Apex of head 

Head of fibula 

Anterolateral 
tibial (Gerdy) 
tubercle 

Opening for 
anterior tibial 
vessels 

Interosseous 
border 


Anterior border 


Shaft of fibula 


Fibular noteh 
of tibia occupied 
by fibula 


Lateral malleolus 



Medial 

eondyle 

Anterior 

intereondylar area 

Tibial 

tuberosity 

Interosseous 

membrane 

Lateral 

surface 

Anterior 

border 

Medial 

surface 

Shaft (body) 
of tibia 


Tibial 

articular 

surface 

Medial 

malleolus 


intereondylar 
tubercles of 
intereondylar 
eminenee 


Medial tibial 
plateau 


Medial eondyle 


Posterior 
intereondylar 
area 


Soleal line 


Nutrient foramen 


Medial border 


Posterior surface 


Shaft of 
tibia 


Groove for tibialis 
posterior tendon 


Medial 
malleolus 


Fibular articular 
surface 



Lateral tibial 
plateau 

Lateral eondyle 
Apex of head 

Head of fibula 
(eontaeting fibular 
articular faeet of tibia) 

Medial erest 

Interosseous 

membrane 


Interosseous 

border 


Posterior border 


Fibular noteh of 
tibia, occupied 
by fibula 

Lateral 

malleolus 


Anterior view (right side) Posterior view (right side) 

FIGURE5.9. Right tibia and fibula. Tibiofibular syndesmoses, including the dense interosseous membrane, tightly eonneet the tibia and fibula. The 
interosseous membrane also provides additional surface area for muscular attaehment. The anterior tibial vessels traverse the opening in the membrane 
to enter the anterior eompartment of the leg. 


attaehment for the patellar ligament, which stretehes between 
the inferior margin of the patella and the tibial tnberosity. 

The tibial shaft is thinnest at the jnnetion of its middle 
and distal thirds. The distal end of the tibia is smaller than 
the proximal end, flaring only medially; the medial expan- 
sion extends inferior to the rest of the shaft as the medial 
malleolus. The inferior snrfaee of the shaft and the lateral 
snrfaee of the medial malleolns artienlate with the talns and 
are eovered with artienlar eartilage (Fig. 5.4). 

The interosseous border of the tibia is sharp where it 
gives attaehment to the interosseons memhrane that nnites 
the two leg bones (Fig. 5.9). Inferiorly, the sharp border is 
replaeed by a groove, the fibular noteh, that aeeommodates 
and provides flbrons attaehment to the distal end of the flbnla. 

On the posterior snrfaee of the proximal part of the tibial 
shaft is a rongh diagonal ridge, ealled the soleal line, which 
runs inferomedially to the medial border. This line is formed 
in relationship to the aponeurotic origin of the soleus muscle 
approximately one third of the way down the shaft. Immedi- 
ately distal to the soleal line is an obliquely direeted vascular 
groove, which leads to a large nntrient foramen for passage 
of the main artery snpplying the proximal end of the bone 


and its marrow. From it, the nntrient eanal runs inferiorly in 
the tibia before it opens into the mednllary (marrow) eavity. 

FIBUliA 

The slender fibnla lies posterolateral to the tibia and is flrmly 
attaehed to it by the tihiofihnlar syndesmosis, which inelndes 
the interosseons memhrane (Fig. 5.9). The flbnla has no func- 
tion in weight-bearing. It serves mainly for muscle attaeh- 
ment, providing distal attaehment (insertion) for one muscle 
and proximal attaehment (origin) for eight mnseles. The 
flbers of the tibioflbnlar syndesmosis are arranged to resist 
the resnlting net downward pull on the flbnla. 

The distal end enlarges and is prolonged laterally and infe- 
riorly as the lateral malleolus. The malleoli form the outer 
walls of a rectangular soeket (mortise), which is the superior 
eomponent of the ankle joint (Fig. 5.4A), and provide attaeh- 
ment for the ligaments that stabilize the joint. The lateral 
malleolns is more prominent and posterior than the medial 
malleolns and extends approximately 1 em more distally. 

The proximal end of the flbnla eonsists of an enlarged 
head snperior to a small neek (Fig. 5.9). The head has a 
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pointed apex. The head of the fibnla artienlates with the fib- 
nlar faeet on the posterolateral, inferior aspeet of the lateral 
tibial eondyle. The shaft of the fihula is twisted and marked 
by the sites of mnsenlar attaehments. Like the shaft of the 
tibia, it is triangnlar in eross-seetion, having three borders 
(anterior, interosseons, and posterior) and three snrfaees 
(medial, posterior, and lateral). 

SURFACE ANATOMY OF TIBIA AND FIBBLA 

The tihial tnherosity, an oval elevation on the anterior snr- 
faee of the tibia, is easily palpated approximately 5 em distal 
to the apex of the patella (Fig. 5.10A). The snbentaneons, 
fiat anteromedial snrfaee of the tihia is also easy to palpate. 
The skin eovering this snrfaee is freely movable. The tihial 
eondyles ean be palpated anteriorly at the sides of the patel- 
lar ligament, espeeially when the knee is fiexed. 

The head of the fihnla is prominent at the level of the 
snperior part of the tibial tnberosity beeanse the knob-like 
head is snbentaneons at the posterolateral aspeet of the knee. 
The neek of thefihnla ean be palpated jnst distal to the lat- 
eral side of the fibnlar head. Doing so may evoke a mildly 
nnpleasant sensation beeanse of the presenee of the nerve 
passing there. 

The medial malleolns, the prominenee on the medial side 
of the ankle, is also snbentaneons and prominent. Note that 
its inferior end is blnnt and does not extend as far distally 
as the lateral malleolns. The medial malleolns lies approxi- 
mately 1.25 em proximal to the level of the tip of the lateral 
malleolns (Figs. 5.10A & B). 


Only the distal quarter of the shaft of the fibnla is pal- 
pable. Palpate yonr lateral malleolns, noting that it is snb- 
entaneons and that its inferior end is sharp. Note that the 
tip of the lateral malleolns extends farther distally and more 
posteriorly than does the tip of the medial malleolns. 

Bones of Foot 

The bones of the foot inelnde the tarsns, metatarsns, and 
phalanges. There are 7 tarsal bones, 5 metatarsal bones, and 
14 phalanges (Figs. 5.1, 5.4, and 5.11). Althongh knowledge 

of the eharaeteristies of individnal bones is neeessary for an 
nnderstanding of the strnetnre of the foot, it is important 
to stndy the skeleton of the foot as a whole and to identify 
its prineipal bony landmarks in the living foot (see “Snrfaee 
Anatomy of Bones of Foot,” p. 524, and Snrfaee Anatomy of 
Ankle Region and Foot,” p. 622). 

TARSUS 

The tarsus (posterior or proximal foot; hindfoot + midfoot — 
Fig 5.11C) eonsists of seven bones (Fig. 5.11A & B): talns, 
ealeanens, enboid, navienlar, and three enneiforms. Only one 
bone, the talns, artienlates with the leg bones. 

The talus (L., ankle bone) has a body, neek, and head 
(Fig. 5.11D). The snperior snrfaee, or troehlea of the talus, 
is gripped by the two malleoli (Fig. 5.4) and reeeives the weight 
of the body from the tibia. The talns transmits that weight in 
tnrn, dividing it between the ealeanens, on which the hody 
of talus rests, and the forefoot, via an osseoligamentons 
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FIGIJRE 5.10. Surface projeetìon and palpable features of bones of leg, ankle, and heel. 
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FIGIJRE 5.11. Bones of right foot. A, B, D, and E. Bones offoot in fourviews, demonstrating articular surfaces and major prominenees and grooves. 
e. The seven bones of the tarsus make up the posterior half of the foot. The talus and calcaneus occupy the posterior two thirds of the tarsus, or the hind- 
foot, and the cuboid, navicular, and medial, lateral, and intermediate cuneiforms occupy the anterior third, or midfoot. The metatarsus eonneets the tarsus 
posteriorly with the phalanges anteriorly. Together, the metatarsus and phalanges make up the anterior halfofthe foot (forefoot). 
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“hammoek” that reeeives the rounded and anteromedially 
direeted head of talus. The hammoek (spring ligament) is 
snspended aeross a gap between a shelf-like medial projee- 
tion of the ealeanens (snstentaenlnm tali) and the navienlar 
bone, which lies anteriorly (Fig. 5.11B & E). 

The talns is the only tarsal bone that has no mnsenlar or 
tendinons attaehments. Most of its snrfaee is eovered with 
artienlar eartilage. The talar body bears the troehlea snpe- 
riorly and narrows into a posterior proeess that featnres a 
groove for the tendon of the flexor hallneìs longns (Fig. 
5.11E), flanked by a prominent lateral tnherele and a less 
prominent medial tnherele (Fig. 5.11A & D). 

The ealeanens (L., heel bone) is the largest and strongest 
bone in the foot (Fig. 5.11). When standing, the ealeanens 
transmits the majority of the body’s weight from the talns to 
the ground. The anterior two thirds of the ealeanens’s supe- 
rior surface articulates with the talus and its anterior snrfaee 
artienlates with the enboid. 

The lateral snrfaee of the ealeanens has an oblique ridge 
(Fig. 5.11D), the fihnlar troehlea, that lies between the ten- 
dons of the flbnlaris longns and brevis. This troehlea anehors 
a tendon pnlley for the evertors of the foot (mnseles that 
move the sole of the foot away from the median plane). The 
sustentaculum tali (L., talar shelf), the shelf-like snpport 
of the head of the talus, projeets from the superior border 
of the medial surface of the calcaneus (Fig. 5.11B & E). The 
posterior part of the calcaneus has a massive, weight-bearing 
prominenee, the ealeaneal tnberosity (L. tuher ealeanei), 
which has medial, lateral, and anterior tnbereles. Only 
the medial tnberele eontaets the gronnd dnring standing. 

The navienlar (L., little ship) is a flattened, boat-shaped 
bone loeated between the head of the talus posteriorly and the 
three enneiforms anteriorly (Fig. 5.11). The medial snrfaee of 
the navienlar projeets inferiorly to form the navienlar tnberos- 
an important site for tendon attaehment beeanse the medial 
border of the foot does not rest on the gronnd, as does the lateral 
border. Instead, it forms a longitndinal areh of the foot, which 
must be supported eentraHy. If this tnberosity is too prominent, it 
may press against the medial part of the shoe and cause foot pain. 

The enboid, approximately enbieal in shape, is the most 
lateral bone in the distal row of the tarsns (Fig. 5.11A & D). 
Anterior to the tnberosity of the enboid on the lateral and 
inferior snrfaees of the bone is a groove for the tendon of 
the fibnlaris (peronens) longns mnsele. 

The three enneiform bones (Fig. 5.11A, D, & E) are 
the medial (Ist), intermediate (2nd), and lateral (3rd). The 
medial enneiform is the largest bone, and the intermedi- 
ate enneiform is the smallest. Eaeh enneiform (L. cuneus, 
wedge shaped) artienlates with the navienlar posteriorly and 
the base of its appropriate metatarsal anteriorly. The lateral 
enneiform also artienlates with the enboid. 

METATARSUS 

The metatarsns (anterior or distal foot, forefoot—Fig. 
5.11C) eonsists of flve metatarsals that are nnmbered from 
the medial side of the foot (Fig. 5.11A). In the artienlated 


skeleton of the foot (Figs. 5.1, 5.4, and 5.11), the tarsometa- 
tarsal joints form an oblique tarsometatarsal line joining 
the midpoints of the medial and shorter lateral borders of 
the foot. Thus, the metatarsals and phalanges are loeated in 
the anterior half (forefoot) and the tarsals are in the posterior 

half (hindfoot) (Fig. 5.11A & C). 

The Ist metatarsal is shorter and stonter than the others. 
The 2nd metatarsal is the longest. Eaeh metatarsal has a base 
proximally, a shaft, and a head distally (Fig. 5.11C). The base 
of eaeh metatarsal is the larger, proximal end. The bases of the 
metatarsals artienlate with the enneiform and enboid bones, 
and the heads artienlate with the proximal phalanges. The 
bases of the Ist and 5th metatarsals have large tnberosities that 
provide for tendon attaehment; the tnberosity of the 5th 
metatarsal projeets laterally over the enboid (Fig. 5.11A & D). 
On the plantar snrfaee of the head of the Ist metatarsal are 
prominent medial and lateral sesamoid bones (Fig. 5.11E); 
they are embedded in the tendons passing along the plantar 
snrfaee (see the following seetion on Snrfaee Anatomy). 

PHALANGES 

The 14 phalanges of the lower limb are as follows: the Ist 
digit (great toe) has 2 phalanges (proximal and distal); the 
other four digits have 3 phalanges eaeh: proximal, middle, 
and distal (Fig. 5.11A & D). Eaeh phalanx has a base (proxi- 
mally), a shaft, and a head (distally). The phalanges of the 
Ist digit are short, broad, and strong. The middle and distal 
phalanges of the 5th digit may be fiised in elderly people. 

Surface Anatomy of Bones of Foot 

The head of the talus is palpable anteromedial to the proxi- 
mal part of the lateral malleolns when the foot is inverted, and 
anterior to the medial malleolns when the foot is everted 
(Fig. 5.12A). Eversion of the foot makes the talar head more 
prominent as it moves away from the navienlar. The head of 
the talus occupies the spaee between the sustentaculum tali 
and the navienlar tnberosity. If the talar head is diffienlt to 
palpate, draw a line from the tip of the medial malleolns to 
the navienlar tnberosity; the head of the talus lies deep to the 
eenter of this line. When the foot is plantarflexed, the snperior 
snrfaee of the body of the talus ean be palpated on the anterior 
aspeet of the ankle, anterior to the inferior end of the tibia. 

The weight-bearing medial tuherele of the calcaneus on the 
plantar snrfaee of the foot is broad and large (Fig. 5.12D), but 
often it is not palpable beeanse of the overlying skin and sub- 
cutaneous tissue. The sustentaculum tali is the only part of the 
medial aspeet of the ealeanens that may be palpated as a small 
prominenee approximately a finger’s breadth distal to the tip 
of the medial malleolns (Fig. 5.12B). The entire lateral snrfaee 
of the ealeanens is subcutaneous. The fihular troehlea, a small 
lateral extension of the ealeanens, may be deteetable as a small 
tnberele on the lateral aspeet of the ealeanens, antero-inferior 
to the tip of the lateral malleolns (Fig 5.12C). 

Usually, palpation of bony prominenees on the plantar sur- 
faee of the foot is difficult because of the thiek skin, faseia, and 
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FIGIJRE 5.12. Surface projeetion and palpation of bony prominenees of foot. 


pads of fat. The medial and lateral sesamoid hones inferior to 
the head of the Ist metatarsal ean be felt to slide when the 
great toe is moved passively. The heads of the metatarsals ean 
be palpated by plaeing the thnmb on their plantar snrfaees 
and the index fìnger on their dorsal snrfaees. If eallosities (eal- 
Inses), thiekenings of the keratin layer of the epidermis, are 
present, the metatarsal heads are diffìenlt to palpate. 

The tnherosity of the 5th metatarsal forms a prominent 
landmark on the lateral aspeet of the foot (Fig. 5.12C & D), 
that ean easily be palpated at the midpoint of the lateral bor- 
der of the foot. The shafts of the metatarsals and phalanges 


ean be felt on the dorsnm of the foot between the extensor 
tendons. 

The enhoid ean be felt on the lateral aspeet of the foot, 
posterior to the base of the 5th metatarsal. The medial ennei- 
form ean be palpated between the tnberosity of the navienlar 
and the base of the Ist metatarsal (Fig. 5.12B). The head of 
the Ist metatarsal forms a prominenee on the medial aspeet 
of the foot. The tnherosity of the navienlar is easily seen and 
palpated on the medial aspeet of the foot (Fig. 5.12B), infero- 
anterior to the tip of the medial malleolns. The enboid and 
enneiforms are diffìenlt to identify individnally by palpation. 


BONES OF LOWER LIMB 
Lower Lìmb Injuries 

Knee, leg, and foot injnries are the most eommon 
lower limb injnries. Injnries to the hips make up less 
than 3% of lower limb injnries. In general, most 
injnries resnlt from aente tranma dnring eontaet sports sneh 
as hoekey and football and from overnse dnring endnranee 
sports sneh as marathon raees. 


Adoleseents are most vnlnerable to these injnries beeanse 
of the demands of sports on their matnring mnsenloskeletal 
systems. The eartilaginons models of the bones in the devel- 
oping lower limbs are transformed into bone by endoehon- 
dral ossifìeation (Fig. 5.2E & F). Beeanse the proeess is not 
eompleted nntil early adnlthood, eartilaginons epiphysial 
plates still exist dnring the teenage years, when physieal 
aetivity often peaks and involvement in eompetitive sports 
is most eommon. 
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The epiphysial plates are dises of hyaline eartilage 
between the metaphysis and epiphysis of a matnre long 
bone that permit the bone to grow longer. Dnring growth 
spnrts, bones aetnally grow faster than the attaehed mnsele. 
The eombined stress on the epiphysial plates resnlting from 
physieal aetivity and rapid growth may resnlt in irritation and 
injnry of the plates and developing bone (osteoehondrosis). 

Injurìes of Hip Bone 

Fraetnres of the hip bone are referred to as pelvie 
fraetnres (see the blne box 'Telvie Fraetnres” in 
ehapter 3, p. 335). The term hip fraetnre is most 
eommonly applied (nnfortnnately) to fraetnres of the femoral 
head, neek, or troehanters. 

Avnlsionfraetnres of the hip hone may oeenr dnring sports 
that require sndden aeeeleration or deeeleration forees, sneh 
as sprinting or kieking in football, soeeer, hnrdle jnmping, 
basketball, and martial arts (Fig. B5.1). A small part of bone 



(A) Pelvie fracture (B) Hip fracture (fracture of 

(radiograph) neek of left femur) -- MRI 



(C) Tendon avulsion (D) Avulsion fracture of 

pelvis ín an adoleseent 
eompetitive athlete 


FIGUREB5.1. 


with a pieee of a tendon or ligament attaehed is “avnlsed” 
(torn away). These fraetnres oeenr at apophyses (bony pro- 
jeetions that laek seeondary ossifìeation eenters). Avnlsion 
fraetnres oeenr where mnseles are attaehed: anterior snpe- 
rior and inferior iliae spines, isehial tnberosities, and isehio- 
pnbie rami. 

Coxa Vara and Coxa Valga 

The angle of inelination between the long axis of the 
femoral neek and the femoral shaft (Fig. 5.7C-E) 
varies with age, sex, and development of the femnr 
(e.g., a eongenital defeet in the ossifìeation of the femoral 
neek). It may also ehange with any pathologieal proeess that 
weakens the neek of the femnr (e.g., riekets). When the angle 
of inelination is deereased, the eondition is coxa vara (Fig. 
B5.2A); when it is inereased, it is coxa valga (Fig. B5.2B). 
The term “vara” or “varns” is a Latin adjeetive deseribing any 
bone or joint in a limb that is deformed so that the distal ele- 
ment (the shaft of the femnr relative to the femoral neek in 
this ease) deviates toward the midline. Gonversely, the term 
“valga” or “valgns” deseribes a bone or joint in a limb that is 
deformed so that the distal element deviates away from the 
midline. Coxa vara eanses a mild shortening of the lower limb 
and limits passive abdnetion of the hip. 



Posterior views 


(A) Coxa vara (B) Coxa valga 

(deereased angle (inereased angle 

of inelination) of inelination) 

FIGUREB5.2. 

Disloeated Epìphysis of Femoral Head 

In older ehildren and adoleseents (10-17 years of 
age), the epiphysis of the femoral head may slip 
away from the femoral neek beeanse of a weak- 
ened epiphysial plate. This injnry may be eansed by aente 
tranma or repetitive mierotranmas that plaee inereased 
shearing stress on the epiphysis, espeeially with abdnetion 
and lateral rotation of the thigh. The epiphysis often 
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disloeates (slips) slowly resolting in a progressive coxa vara. 
The eommon initial symptom of the injnry is hip diseomfort 
that may be referred to the knee. Radiographie examination 
of the snperior end of the femnr is nsnally required to eon- 
firm a diagnosis of a disloeated epiphysis of the head of the 
femnr. 



Femoral Fractures 

Despite its large size and strength, the femnr is 
eommonly fraetnred. The type of fraetnre snstained 
is frequently age- and even sex-related. The neek of 
the femnr is most frequently fraetnred beeanse it is the nar- 
rowest and weakest part of the bone and it lies at a marked 
angle to the line of weight-bearing (pnll of gravity). It 
beeomes inereasingly vnlnerable with age, espeeially in 
females, seeondary to osteoporosis. 

Fraetnres of the proximal femnr oeenr at several loeations; 
two examples are transeervieal (middle of neek) and inter- 
troehanterie (Fig. B5.3). These fraetnres nsnally oeenr as a 
resnlt of indireet tranma (stnmbling or stepping down hard, 
as off a enrb or step). Beeanse of the angle of inelination, 
these fraetnres are inherently nnstable and impaetion (over- 
riding of fragments resnlting in foreshortening of the limb) 
oeenrs. Mnsele spasm also eontribntes to the shortening of 
the limb. 

intraeapsnlar fraetnres (oeenrring within the hip joint 
eapsnle) are eomplieated by degeneration of the femoral 
head, owing to vasenlar tranma (see the blne boxes “Frae- 
tnres of the Femoral Neek” on p. 659 and “Snrgieal Hip 
Replaeement” on p. 660). 

Fraetnres of the greater troehanter andfemoral shaft nsn- 
ally resnlt from direet tranma (direet blows snstained by the 
bone resnlting from falls or being hit) and are most eommon 
dnring the more aetive years. They frequently oeenr dnr- 
ing motor vehiele aeeidents and sports, sneh as skiing and 
elimbing. In some eases, s. spiralfraetnre of the femoral shaft 
oeenrs, resnlting in foreshortening as the fragments override, 
or the fraetnre may be eomminnted (broken into several 
pieees), with the fragments displaeed in varions direetions 
as a resnlt of mnsele pnll and depending on the level of the 
fraetnre. Union of this serions type of fraetnre may take up 
to a year. 

Fraetnres of the inferior or distal femnr may be eompli- 
eated by separation of the eondyles, resnlting in misalignment 
of the artienlar snrfaees of the knee joint, or by hemorrhage 
from the large popliteal artery that rnns direetly on the pos- 
terior snrfaee of the bone. This fraetnre eompromises the 
blood snpply to the leg (an oeenrrenee that shonld always be 
eonsidered in knee fraetnres or disloeations). 


Tibial Fractures 

The tibial shaft is narrowest at the jnnetion of its 
middle and inferior thirds, whieh is the most fre- 
quent site of fraetnre. Unfortunately, this area of 
the bone also has the poorest blood snpply. Beeanse its 
anterior snrfaee is snbentaneons, the tibial shaft is the 





(A) Transeervieal fracture 
of femoral neek 

A - e Anterior views 



(B) Spiral fracture 






(C) intertroehanterie 
fracture 


(D) Comminuted intertroehanterie 
fracture of left proximal femur 


FIGUREB5.3. 


most eommon site for a eomponnd fraetnre (Fig. B5.4A). 
Gomponnd tibial fraetnres may also resnlt from direet 
tranma (e.g., a “bnmper fraetnre” eansed when a ear bnm- 
per strikes the leg). Fraetnre of the tibia throngh the 
nntrient eanal predisposes the patient to non-nnion of the 
bone fragments resnlting from damage to the nntrient 
artery. 

Transverse mareh (stress) fraetnres of the inferior third 
of the tibia (Fig. B5.4B) are eommon in people who take 
long hikes before they are eonditioned for this aetivity. The 
strain may fraetnre the anterior cortex of the tibia. indireet 
violenee applied to the tibial shaft when the bone tnrns with 
the foot fìxed dnring a fall may prodnee a fraetnre (e.g., when 
a person is taekled in football). 
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Lateral view Anterior view 



Fractures Involvìng Epiphysial Plates 

The primary ossifieation eenter for the 




snperior end of the tibia appears shortly 
after birth and joins the shaft of the tibia 
dnring adoleseenee (nsnally 16-18 years of age). Tibial frae- 
tnres in ehildren are more serions if they involve the epi- 
physial plates beeanse eontinned normal growth of the bone 
may be jeopardized. The tibial tnberosity nsnally forms by 
inferior bone growth from the snperior epiphysial eenter at 
approximately 10 years of age, bnt a separate eenter for the 
tibial tnberosity may appear at approximately 12 years of age. 
Disrnption of the epiphysial plate at the tibial tnberosity may 
eanse infiammation of the tnberosity and ehronie reenrring 
pain dnring adoleseenee {Osgood-Sehlatter disease), 
espeeially in yonng athletes (Fig. B5.5). 


(A) Compound (open) 
fracture with 
external bleeding 



(C) Diagonal fracture 
with shortening 



(B) Mareh (stress) fracture of tibia 
{arrows), most apparent in the MRI 
study at the right 



Osgood-Sehlatter Disease 

Prominenee of tibial tuberosity (doable arrow) elongated and 
fragmented (single arrow), with overlying soft tissue swelling 

FIGUREB5.5. 


(E) Transverse “boot top” fracture 
with shortening due to over- 
riding of fracture fragments 


(D) Transverse “boot 

top” fracture A - E Anterior views 

FIGURE B5.4. 

In addition, severe torsion dnring skiing may prodnee a 
dìagonal fraetnre (Fig. B5.4C) of the tibial shaft at the jnne- 
tion of the middle and inferior thirds, as well as Sifraetnre of 
thefihnla. Diagonal fraetnres are often assoeiated with limb 
shortening eansed by overriding of the fraetnred ends. Fre- 
quently dnring skiing, a fraetnre resnlts from a high-speed 
fonvard fall, which angles the leg over the rigid ski boot, pro- 
dneing a “boot-top fraetnre” (Fig. B5.4D & E). 


Fibular Fractures 

Fihnlarfraetnres eommonly oeenr 2-6 em proximal 
to the distal end of the lateral malleolns and are 
often assoeiated with fraetnre-disloeations of 
the ankle joint, which are eombined with tibial fraetnres 
(Fig. B5.6B). When a person slips and the foot is foreed into 
an excessively inverted position, the ankle ligaments tear, 
foreibly tilting the talns against the lateral malleolns, and may 
shear it off (Fig. B5.6C). 

Fraetnres of the lateral and medial malleoli are relatively 
eommon in soeeer and basketball players. Fibnlar fraetnres ean 
be painfnl owing to disrnpted mnsele attaehments. Walking is 
eompromised beeanse of the bone’s role in ankle stability. 
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Fibula 



Popliteal artery 


Posterior tibial 
artery 


Fibular artery 


Posterior view 





(A) Tibiai and fibuiar 
fractures 



(B) Fibuiar fracture 
with excessive 
inversion of foot 


Posterior views 
FIGUREB5.6. 

Bone Grafts 

If a part of a major bone is destroyed by injnry or 
disease, the limb beeomes nseless. Replaeement of 
the affeeted segment by a bone transplant may 
avoid ampntation. The fibnla is a eommon sonree of bone for 
grafting. Even after a segment of the shaft has been removed, 
walking, rnnning, and jnmping ean be normal. 

Free vasenlarized fibnlas have been nsed to restore skeletal 
integrity to npper and lower limbs in which eongenital bone 
defeets exist and to replaee segments of bone after tranma 
or excision of a malignant tnmor (Fig. B5.7). The remain- 
ing parts of the fibnla nsnally do not regenerate beeanse the 
periostenm and nntrient artery are generally removed with 
the pieee of bone, so that the graft will remain alive and grow 
when transplanted to another site. Seenred in its new site, 
the fibnlar segment restores the blood snpply of the bone to 


Seetion of left fibula grafted into right tibia 

FIGUREB5.7. 

which it is now attaehed. Healing proeeeds as if a fraetnre 
had oeenrred at eaeh of its ends. 

Awareness of the loeation of the nntrient foramen in the 
fibnla is important when performing free vasenlarized fibn- 
lar transfers. Beeanse the nntrient foramen is loeated in the 
middle third of the fibnla in most eases (Fig. 5.9, posterior 
view), this segment of the bone is nsed for transplanting 
when the graft mnst inelnde a blood snpply to the mednllary 
eavity as well as to the eompaet bone of the snrfaee (via the 
periostenm). 

Beeanse of its extensive snbentaneons loeation, the ante- 
rior tibia is aeeessible for obtaining pieees of bone for graft- 
ing in ehildren; it is also nsed as a site for intramednllary 
infasion in dehydrated or shoeked ehildren. 

Galeaneal Fraetnres 

A hard fall onto the heel, from a ladder for example, 
may fraetnre the ealeanens into several pieees, pro- 
dneing a eomminnted fraetnre (Fig. B5.8A). A eal- 
eaneal fraetnre is nsnally disabling beeanse it disrnpts the 
snbtalar (taloealeaneal) joint, where the talns artienlates with 
the ealeanens. 

Fractures of Talar Neek 

Fraetnres of the talar neek (Fig. B5.8B) may oeenr 
dnring severe dorsifiexion of the ankle (e.g., when a 
person is pressing extremely hard on the brake 
pedal of a vehiele dnring a head-on eollision). In some eases, 
the body of the talns disloeates posteriorly. 
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Talus 


Subtalar joint 


Calcaneus 



(A) Lateral views 



Comminuted fractures of calcaneus 


Talus 



Calcaneus 


(B) Medial views 



(C) Dorsal view 


Fractures 


of metatarsals 


4th metatarsal 


5th metatarsal 


Tuberosity of 
5th metatarsal 


Cuboid 


Medial 

tubercle 



Tibia 


Talus 


Calcaneus 




(D) Fractures of 3rd - 5th metatarsals 


(E) Avulsion fracture of 5th 
metatarsal 


FIGUREB5.8. 


Fraetnres of Metatarsals 

Metatarsal fractures occur when a heavy objeet 
falls on the foot, for example, or when it is run over 
by a heavy objeet such as a metal wheel 
(Fig. B5.8C & D). Metatarsal fractures are also eommon in 
daneers, espeeially female ballet daneers who use the 
demi-pointe technique. The daneers fraetnre usually 
occurs when the daneer loses balanee, pntting the full body 
weight on the metatarsal and fraetnring the bone. Fatigae 
fraetnres of the metatarsals may resnlt from prolonged 
walking. These fraetnres, usually transverse, resnlt from 
repeated stress on the metatarsals. 


When the foot is snddenly and violently inverted, the 
tnberosity of the 5th metatarsal may be avnlsed (torn away) 
by the tendon of the fibnlaris brevis mnsele. An avnlsion frae- 
ture of the tnherosity of the 5th metatarsal (Fig. B5.8C & E) 
is eommon in basketball and tennis players. This injnry pro- 
duces pain and edema at the base of the 5th metatarsal and 
may be assoeiated with a severe ankle sprain. 

Os Trigonum 

Dnring ossifieation of the talus, the seeondary ossi- 
fieation eenter, which beeomes the lateral tnberele 
of the talus, oeeasionally fails to unite with the body 
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of the talus. This failure may be caused by applied stress 
(foreefiil plantarflexion) dnring the early teens. Oeeasionally, 
a partly or even fnlly ossifled eenter may fraetnre and 
progress to non-nnion. Either event may result in a bone 
(aeeessory ossiele) known as an os trigonum, which occurs 

in 14-25% of adults, more eommonly bilaterally (Fig. B5.9). 
It has an inereased prevalenee among soeeer players and bal- 
let daneers. 


Fracture of Sesamoìd Bones 

The sesamoid bones of the great toe (Fig. 5.12D) in 
the tendon of the flexor hallneis longns bear the 
weight of the body, espeeially dnring the latter part 
of the stanee phase of walking. The sesamoids develop before 
birth and begin to ossify dnring late ehildhood. Fraetnre of the 
sesamoid hones may resnlt from a ernshing injnry (Fig B5.10). 




FIGURE B5.9. FIGURE B5.10. 


The Bottom Lìne 


BONES OF LOWER LIMB 

Hìp bone: Formed by the union of three primary bones 
(ilium, ischium, and pubis), the hip bones arejoined to the 
sacrum posteriorly and to eaeh other anteriorly (at the pubic 
symphysis) to form the pelvie girdle. ♦ Eaeh hip bone is spe- 
eialized to reeeive halfthe weight ofthe upper body when 
standing and all of it periodieally during walking. ♦ Thiek 
parts ofthe bone transfer weight to the femur. ♦ Thin parts of 
the bone provide a broad surface for attaehment of powerful 
muscles that move the femur. ♦ The pelvie girdle eneireles and 
proteets the pelvie viseera, particularly the reproductive organs. 

Fennur: Through development, our largest bone, the 
femur, has developed a bend (angle of inelination) and has 
twisted (medial rotation and torsion so that the knee and all 
Joints inferior to it flex posteriorly) to aeeommodate our ereet 
posture and to enable bipedal walking and running. ♦ The 
angle of inelination and attaehment of the abductors and rota- 
tors to the greater troehanter allow inereased leverage, supe- 
rior plaeement of the abductors, and oblique orientation of the 


femur in the thigh. ♦ Gombined with the torsion angle, oblique 
rotatory movements at the hip Joint are eonverted into move- 
ments of flexion-extension and abduction-adduction (in the 
sagittal and eoronal planes, respeetively) as well as of rotation. 

Tìbìa and fibula: Our seeond largest bone, the tibia, is a 
ver-tieal column bearing the weight of all superiorto it. ♦ The 
slender fibula does not bearweight but, along with the interosse- 
ous membrane that binds it to the tibia, is aeeessory to the tibia 
in providing an additional surface area for fleshy muscle attaeh- 
ment and in forming the soeket of the ankle Joint. ♦ Through 
development, the two bones have beeome permanently pronated 
to provide for a stable stanee and faeilitate loeomotion. 

Bones of foot: The many bones of the foot form a func- 
tional unit that allows weight to be distributed to a wide plat- 
form to maintain balanee when standing, enable eonformation 
and adjustment to terrain variations, and perform shoek 
absorption. ♦ They also transfer weight from the heel to the 
forefoot as required in walking and running. 
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FASeiA, VEINS, LYMPHATIGS, 
EFFERENT VESSELS, AND 
CUTANEOUS NERVES 
OF LOWER LIMB 

Subcutaneous Tissue and Faseia 

The subcutaneous tissue (superficial faseia) lies deep to the 
skin (Fig. 5.13) and eonsists of loose eonneetive tissne that 
eontains a variable amount of fat, entaneons nerves, snperfi- 
eial veins (great and small saphenons veins and their tribntar- 
ies), lymphatie vessels, and lymph nodes. 

The subcutaneous tissne of the hip and thigh is eontinnons 
with that of the inferior part of the anterolateral abdominal 
wall and bnttoeks. At the knee, the subcutaneous tissne loses 
its fat and blends with the deep faseia, but fat is again present 
distal to the knee in the subcutaneous tissue of the leg. 

The deep faseia of the lower limb is espeeially strong, 
investing the limb like an elastie stoeking (Fig. 5.13A & B). 
This faseia limits outward expansion of eontraeting mnseles, 
making muscular eontraetion more effieient in eompressing 
veins to push blood toward the heart. 

FASeiA LATA 

The deep faseia of the thigh is ealled faseia lata (L. lata, 
broad). Superiorly, the faseia lata attaehes to and is eontinn- 
ous with: 

• The inguinal ligament, pubic areh, body of pubis, and 
pubic tubercle anteriorly. 

• The membranons layer of subcutaneous tissue (Searpa 
faseia) of the inferior abdominal wall also attaehes to the 
faseia lata approximately a finger’s breadth inferior to the 
ingninal ligament. 

• The iliae erest laterally and posteriorly. 

• The saernm, coccyx, sacrotuberous ligament, and isehial 
tuberosity/ischiopubic ramus posteriorly and medially. 

Inferiorly, the faseia lata attaehes to and is continuous with: 

• Exposed parts of bones aronnd the knee. 

• The deep faseia of the leg inferior to the knee. 

The faseia lata is snbstantial beeanse it eneloses the large 
thigh mnseles, espeeially laterally, where it is thiekened and 
strengthened by additional reinforeing longitndinal fibers to 
form the iliotibial traet (Fig. 5.13B). This broad band of 
fibers is the shared aponenrosis of the tensor faseiae latae and 
gluteus maximus muscles. The iliotibial traet extends from 
the iliae tnberele to the anterolateral tnberele of the tibia 
(Gerdy tnherele ). 

The thigh mnseles are separated into three eompart- 
ments—anterior, medial, and posterior. The walls of these 
eompartments are formed by the faseia lata and three faseial 
intermuscular septa that arise from its deep aspeet and attaeh 
to the linea aspera of the femur (Fig. 5.13D). The lateral 


intermnsenlar septnm is espeeially strong; the other two 
septa are relatively weak. The lateral intermuscular septum 
extends deeply from the iliotibial traet to the lateral lip of the 
linea aspera and lateral snpraeondylar line of the femur. This 
septum offers an internervons plane (plane between nerves) 
to snrgeons needing wide exposure of the femur. 

The saphenons opening in the faseia lata (Fig. 5.13A) is 
a gap or hiatns in the faseia lata inferior to the medial part 
of the ingninal ligament, approximately 4 em inferolateral to 
the pubic tubercle. The saphenous opening is usually approxi- 
mately 3.75 em in length and 2.5 em in breadth, and its long 
axis is vertieal. Its medial margin is smooth but its superior, 
lateral, and inferior margins form a sharp ereseentie edge, the 
faleiform margin. The faleiform margin is joined at its medial 
margin by fibrofatty tissne, the eribriform faseia (L. erihmm, 
a sieve). This sieve-like faseia is a loealized membranons layer 
of subcutaneous tissue that spreads over the saphenous open- 
ing, elosing it. The eonneetive tissne is piereed by numerous 
openings (thus its name) for the passage of efferent lymphatie 
vessels from the snperfieial ingninal lymph nodes, and by the 
great saphenons vein and its tribntaries. After passing throngh 
the saphenons opening and eribriform faseia, the great saphe- 
nous vein enters the femoral vein (Fig. 5.13A). The lymphatie 
vessels enter the deep ingninal lymph nodes. 

DEEP FASeiA OF LEG 

The deep faseia of the leg, or emral faseia (L. ems, leg), 
attaehes to the anterior and medial borders of the tibia, where 
it is continuous with its periosteum. The deep faseia of the leg 
is thiek in the proximal part of the anterior aspeet of the leg, 
where it forms part of the proximal attaehments of the under- 
lying mnseles. Althongh thinner distally, the deep faseia of the 
leg forms thiekened bands both snperior and anterior to the 
ankle joint, the extensor retinaenla (Fig. 5.13A). 

Anterior and posterior intermnsenlar septa pass from 
the deep snrfaee of the lateral deep faseia of the leg and attaeh 
to the eorresponding margins of the fibnla. The interosseons 
memhrane and intermuscular septa divide the leg into three 
eompartments: anterior (dorsifiexor), lateral (fibnlar), andpos- 
terior (plantarfiexor) (Fig. 5.13C). The posterior eompartment 
is fiirther snbdivided by the transverse intermnsenlar sep- 
tum, separating snperfieial and deep plantarfiexor mnseles. 

Venous Draìnage of Lower Limb 

The lower limb has snperfieial and deep veins: the snperfieial 
veins are in the subcutaneous tissue and run independent from 
named arteries; the deep veins are deep to (beneath) the deep 
faseia and aeeompany all major arteries. Snperfieial and deep 
veins have valves, which are more numerous in deep veins. 

SUPERFICIAL VEINS OF LOWER LIMB 

The two major snperfieial veins in the lower limb are the 
great and small saphenons veins (Fig. 5.14A & B). Most of 
their tribntaries are nnnamed. 
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FIGIJRE 5.13. Faseia, intermuscular septa, and faseial eompartments of lower limb. A. The anterior skin and subcutaneous tissue have been removed 
to reveal the deep faseia. B. The faseia lata is reinforeed laterally by longitudinal fibers of the iliotibial traet, the eommon aponeurotic tendon of the gluteus 
maximus and tensor faseiae latae. C and D. The faseial eompartments of the thigh and leg, eontaining muscles sharing eommon fijnetions and innervation, 
are demonstrated in transverse seetions. 
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FIGITRE 5.14. Veins of lower limb. The veins are divided into superficial (A and B) and deep (C and E) groups. The superficial veins, usually unaccom- 
panied, course vvithin the subcutaneous tissue; the deep veins are internal to the deep faseia and usually aeeompany arteries. A, inset. The proximal ends of 
the femoral and great saphenous veins are opened and spread apart to show the valves. Although depieted as single veins in parts C and E, the deep veins 
usually occur as duplicate or multiple aeeompanying veins. D. Multiple perforating veins pieree the deep faseia to shunt blood from the superficial veins to 
the deep veins. 
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The great saphenous vein is formed by the union of the 
dorsal vein of the great toe and the dorsal venons areh of the 
foot (Figs. 5.14A & 5.15A). The great saphenons vein: 

• Aseends anterior to the medial malleolns. 

• Passes posterior to the medial eondyle of the femnr (abont 
a hand’s breadth posterior to the medial border of the 
patella). 

• Anastomoses freely with the small saphenons vein. 

• Traverses the saphenons opening in the faseia lata. 

• Empties into the femoral vein. 

The great saphenons vein has 10-12 valves, whieh are more 
nnmerons in the leg than in the thigh (Fig. 5.14A & D). 
These valves are nsnally loeated jnst inferior to the perforat- 
ing veins. The perforating veins also have valves. 

Venons valves are ensps (flaps) of endothelinm with enp- 
like valvnlar sinnses that flll from above. When they are fnll, 
the valve ensps oeelnde the Inmen of the vein, thereby pre- 
venting reflux of blood distally, making flow nnidireetional. 
The valvnlar meehanism also breaks the eolnmn of blood in 
the saphenons vein into shorter segments, redneing baek 
pressnre. Both effeets make it easier for the musculovenous 
pump (disenssed in the Introdnetion) to overeome the foree 
of gravity to retnrn the blood to the heart. 

As it aseends in the leg and thigh, the great saphenons 
vein reeeives nnmerons tribntaries and eommunieates in 
several loeations with the small saphenons vein. Tribntaries 
from the medial and posterior aspeets of the thigh frequently 
nnite to form an aeeessory saphenons vein (Fig. 5.14B). 
When present, this vein beeomes the main eommnnieation 
between the great and small saphenons veins. 

Also, fairly large vessels, the lateral and anterior enta- 
neons veins, arise from networks of veins in the inferior part 
of the thigh and enter the great saphenons vein snperiorly, 
jnst before it enters the femoral vein. Near its termination, 
the great saphenons vein also reeeives the snperfleial eirenm- 
flex iliae, snperfleial epigastrie, and external pndendal veins 

(Fig. 5.14A). 

The small sa ph enons vein arises on the lateral side of 
the foot from the nnion of the dorsal vein of the little toe with 
the dorsal venous areh (Fig. 5.14B & C). The small saphe- 
nons vein: 

• Aseends posterior to the lateral malleolns as a eontinna- 
tion of the lateral marginal vein. 

• Passes along the lateral border of the ealeaneal tendon. 

• Inelines to the midline of the flbnla and penetrates the 
deep faseia. 

• Aseends between the heads of the gastroenemins mnsele. 

• Empties into the popliteal vein in the popliteal fossa. 

Althongh many tribntaries are reeeived by the saphenons 
veins, their diameters remain remarkably nniform as they 
aseend the limb. This is possible beeanse the blood reeeived 
by the saphenons veins is eontinnonsly shnnted from these 
snperfleial veins in the snbentaneons tissne to the deep veins 
internal to the deep faseia by means of many perforating veins. 


The perforatíng veins penetrate the deep faseia elose to 
their origin from the snperfleial veins and eontain valves that 
allow blood to flow only from the snperfleial veins to the deep 
veins (Fig. 5.14A & D). The perforating veins pass throngh the 
deep faseia at an oblique angle so that when mnseles eontraet and 
the pressnre inereases inside the deep faseia, the perforating veins 
are eompressed. Gompression of these veins also prevents blood 
from flowing from the deep to the snperfleial veins. This pattem 
of venons blood flow—from snperfleial to deep—is important 
for proper venons retnm from the lower limb beeanse it enables 
mnsenlar eontraetions to propel blood toward the heart against 
gravity (mnsenlovenons pnmp —see Fig. 1.25 in introdnetion). 

DEEP VEINS OF LOWER LIMB 

Deep veins aeeompany all the major arteries and their 
branehes. Instead of oeenrring as a single vein in the limbs 
(althongh they are frequently illnstrated as one and are 
often referred to as a single vein), the aeeompanying veins 
(L. venae eomitantes) nsnally oeenr as paired, frequently 
intereonneeting veins that flank the artery they aeeompany 
(Fig. 5.14C & E). They are eontained ivithin a vasenlar 
sheath ivith the artery, whose pnlsations also help eompress 
and move blood in the veins. 

Althongh the dorsal venous areh drains primarily via the 
saphenons veins, perforating veins penetrate the deep faseia, 
forming and eontinnally snpplying an anterior tibial vein 
in the anterior leg. Medial and lateral plantar veins from 
the plantar aspeet of the foot form the posterior tibial and 
fibnlar veins posterior to the medial and lateral malleoli 
(Fig. 5.14C-E). All three deep veins from the leg flow into « 
the popliteal vein posterior to the knee, which beeomes the 
femoral vein in the thigh. Veins aeeompanying the perforat- 
ing arteries of the profnnda femoris vein drain blood from 
the thigh mnseles and terminate in the profanda femoris vein 
(deep vein of thigh), which joins the terminal portion of the 
femoralvein (Fig5.14C &E). The femoralveinpasses deep to 
the ingninal ligament to beeome the external iliae vein. 

Beeanse of the effeet of gravity, blood flow is slower when a 
person stands quietly. During exercise, blood reeeived by the 
deep veins from the snperfleial veins is propelled by muscular 
eontraetion to the femoral and then the external iliae veins. 
Flow in the reverse direetion is prevented if the valves are 
eompetent. The deep veins are more variable and anastomose 
much more frequently than the arteries they aeeompany. Both 
snperfleial and deep veins ean be ligated if neeessary. 

Lymphatie Draìnage of Lower Limb 

The lower limb has snperfleial and deep lymphatie vessels. 
The snperfieial lymphatie vessels eonverge on and aeeom- 
pany the saphenons veins and their tribntaries (Fig. 5.15A). 
The lymphatie vessels aeeompanying the great saphenons 
vein end in the vertieal group of snperfieial ingninal lymph 
nodes. Most lymph from these nodes passes direetly to the 
external iliae lymph nodes, loeated along the external iliae 
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(C) Anterior view: Arrows represent the 

continuation of lymph 
drainage from the lower 
limb via the superficial 
inguinal and iliae nodes 


(A) Anteromedial view of left limb 


(B) Posterior view of left limb 


FIGIJRE 5.15. Superficial veins and lymphaties of lovver limb. A. The superficial lymphatie vessels eonverge tovvard and aeeompany the great saphenous 
vein, draining into the inferior (vertieal) group of superficial inguinal lymph nodes. The great saphenous vein passes anterior to the medial malleolus, approx- 
imately a hand’s breadth posterior to the patella. B. Superficial lymphatie vessels of the lateral foot and posterolateral leg aeeompany the small saphenous 
vein and drain initially into the popliteal lymph nodes. The efferent vessels from these nodesjoin otherdeep lymphaties, vvhieh aeeompany the femoral 
vessels to drain into the deep inguinal lymph nodes. C. Lymph from the superficial and deep inguinal lymph nodes traverses the external and eommon iliae 
nodes before entering the lateral lumbar (aortie) lymph nodes and the lumbar lymphatie trunk. 


vein. Some also passes to the deep inguinal lymph nodes, 
loeated nnder the deep faseia on the medial aspeet of the 
femoral vein. The lymphatie vessels aeeompanying the small 
saphenons vein enter the popliteal lymph nodes, which 
snrronnd the popliteal vein in the fat of the popliteal fossa 

(Fig. 5.15B). 

Deep lymphatie vessels from the leg aeeompany deep 
veins and also enter the popliteal lymph nodes. Most lymph 
from these nodes aseends throngh deep lymphatie vessels to 
the deep ingainal lymph nodes. Lymph from the deep nodes 


passes to the external and eommon iliae lymph nodes and 
then enters the Inmhar lymphatie tmnks (Fig. 5.15C). 

Cutaneous Innervation of Lower Limb 

Gntaneons nerves in the snbentaneons tissne snpply 
the skin of the lower limb (Fig. 5.16; Table 5.1). These 
nerves, except for some proximal nnisegmental nerves 
arising from the T12 or L1 spinal nerves, are branehes of 
the Inmhar and saeral plexuses. The areas of skin snpplied 
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(B) Posterior view 



Lateral cutaneous 
braneh of 

ilio-hypogastrie nerve 

Lateral cutaneous 
nerve of thigh 
(posterior branehes) 

Inferior clunial nerves 


Lateral cutaneous 
nerve of thigh 


Posterior cutaneous 


nerve of thigh 

Lateral sural cutaneous 
nerve (from eommon 
fibular nerve) 


Medial sural cutaneous nerve 
(from tibial nerve) 


Communicating braneh of 
lateral sural cutaneous nerve 


Sural nerve 


Lateral plantar nerve 


FIGIJRE 5.16. Cutaneous nerves of lower limb. 


TABLE 5.1. CUTANEOUS NERVES OF LOWER LIMB 


Nerve 

Origin (Contributing 

Spinai Nerves) 

Course 

Distribution in LowerLimb 

Subcostal 

T12 anterior ramus 

Courses along inferior border of 12th rib; 
lateral cutaneous braneh deseends over 
iliae erest 

Lateral cutaneous braneh supplies skin of 
hip region inferiorto anterior part of iliae 
erestand anteriorto greatertroehanter 

lliohypogastrie 

Lumbarplexus (Ll; oeea- 
sionally T12) 

Parallels iliae erest; divides into lateral 
and anterior cutaneous branehes 

Lateral cutaneous braneh supplies supero- 
lateral quadrant of buttocks 

Ilio-inguinal 

Lumbarplexus (Ll; oeea- 
sionally T12) 

Passes through inguinal eanal; divides 
into femoral and serotal or labial branehes 

Femoral braneh supplies skin overmedial 
femoral triangle 

Genitofemoral 

Lumbarplexus (L1-L2) 

Deseends anterior surface of psoas 
major; divides into genital and femoral 
branehes 

Femoral braneh supplies skin over lateral 
part of femoral triangle; genital braneh 
supplies anterior scrotum or labia majora 

Lateral 

cutaneous nerve 
of thigh 

Lumbarplexus (L2-L3) 

Passes deep to inguinal ligament, 2-3 
em medial to anterior superior iliae spine 

Supplies skin on anteriorand lateral 
aspeets of thigh 

Anterior cutane- 
ous branehes 

Lumbar plexus via femoral 
nerve (L2-L4) 

Arise in femoral triangle; pieree faseia 
lata along path of sartorius muscle 

Supply skin of anterior and medial aspeets 
of thigh 

Cutaneous 
braneh of 
obturator nerve 

Lumbarplexus via obtura- 
tor nerve, antehor braneh 
(L2-L4) 

Follovving its deseent betvveen adduc- 
tors longus and brevis, anterior division 
of obturator nerve pierees faseia lata to 
reaeh skin of thigh 

S kin of middle part of medial thigh 
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TABLE 5.1. CUTANEOUS NERVES OF LOWER LIMB (Contìnued) 


Nerve 

Origin (Contributing 

Spinal Nerves) 

Course 

Distribution in LovverLimb 

Posterior cuta- 
neous nerve of 
thigh 

Saeral plexus (S1-S3) 

Enters gluteal region via infrapiriform 
portion of greater seiatie foramen deep 
to gluteus maximus; then deseends 
deep to faseia lata 

Terminal branehes pieree faseia lata to 
supply skin of posterior thigh and popliteal 
fossa 

Saphenous nerve 

Lumbar plexus via femoral 
nerve (L3-L4) 

Traverses adductor eanal butdoes not 
pass through adductor hiatus; erossing 
medial side of knee deep to sartorius 
tendon 

Skin on medial side of leg and foot 

Superficial fibular 
nerve 

eommon fibular nerve 
(L4-S1) 

Courses through lateral eompartment 
of leg; after supplying fibular muscles, 
perforates deep faseia of leg 

Skin of anterolateral leg and dorsum of 
foot, excluding vveb betvveen greatand 

2nd toes 

Deep fibular 
nerve 

Gommon fibular nerve (L5) 

After supplying muscles on dorsum of 
foot, pierees deep faseia superiorto 
heads of Istand 2nd metatarsals 

Skin of vveb betvveen greatand 2nd toes 

Sural nerve 

Tibial and eommon fibular 
nerves (S1-S2) 

Medial sural cutaneous braneh of 
tibial nerve and lateral sural cutaneous 
braneh of fibular nerve merge at varying 
levels on posterior leg 

Skin of posterolateral leg and lateral 
margin of foot 

Medial plantar 
nerve 

Tibial nerve (L4-L5) 

Passes betvveen firstand seeond layers 
of plantar muscles; then betvveen medial 
and middle muscles offirstlayer 

Skin of medial side of sole, and plantar 
aspeet, sides, and nail beds of medial 

372 toes 

Lateral plantar 
nerve 

Tibial nerve (S1-S2) 

Passes betvveen firstand seeond layers 
of plantar muscles; then betvveen middle 
and lateral muscles offirst layer 

Skin of lateral sole, and plantar aspeet, 
sides, and nail beds of lateral 172 toes 

ealeaneal nerves 

Tibial and sural nerves 
(S1-S2) 

Lateral and medial branehes of tibial and 
sural nerves, respeetively, over 
ealeaneal tuberosity 

Skin of heel 

Superior clunial 
nerves 

L1-L3 posterior rami 

Penetrate thoraeodorsal faseia; course 
laterally and inferiorly in subcutaneous 
tissue 

Skin overlying superiorand eentral parts 
of buttocks 

Medial clunial 

nerves 

S1-S3 posterior rami 

Emerge from dorsal saeral foramina; 
direetly enter overlying subcutaneous 
tissue 

Skin of medial buttocks and intergluteal 
eleft 

Inferior clunial 

nerves 

Posterior cutaneous nerve 
of thigh (S2-S3) 

Arise deep to gluteus maximus; emerge 
from beneath inferior border of muscle 

Skin of inferior buttocks (overlying gluteal 
fold) 


by the individual spinal nerves, inelnding those eontribnt- 
ing to the plexuses, are ealled dermatomes. The derma- 
tomal (segmental) pattern of skin innervation is retained 
thronghont life bnt is distorted by limb lengthening and 
the torsion of the limb that oeenrs dnring development 

(Figs. 5.2 and 5.17). 

Althongh simplified into distinet zones in dermatome 
maps, adjaeent dermatomes overlap, exeept at the axìal 
line, the line of jnnetion of dermatomes snpplied from dis- 
eontinnons spinal levels. The entaneons nerves of the lower 
limb are illnstrated in Fignre 5.16 and their origin (inelnd- 
ing eontribnting spinal nerves), eonrse, and distribntion are 
listed in Table 5.1. 


Motor Innervation of Lower Lìmb 

Somatie motor (general somatie efferent) fibers traveling in 
the same mixed peripheral nerves that eonvey sensory fibers 
to the entaneons nerves transmit impnlses to the mnseles of 
the lower limb. The nnilateral embryologieal mnsele mass 
reeeiving innervation from a single spinal eord segment or 
spinal nerve eomprise a myotome. Lower limb mnseles nsn- 
ally reeeive motor fibers from several spinal eord segments 
or nerves. Thns, most mnseles are eomposed of more than 
one myotome, and most often mnltiple spinal eord segments 
are involved in prodneing the movement of the lower limb 

(Fig. 5.18). 
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(A) Anterior view 


(B) Posterior view 


(C) Anterior view 


(D) Posterior view 


FIGIJRE 5.17. Dermatomes of lower limb. The dermatomal or segmental pattern of distribution of sensory nerve fibers persists despite the merging of 
spinal nerves in plexus formation during development. Two different dermatome maps are eommonly used. A and B. The dermatome pattern of the lower 
limb aeeording to Foerster (1933) is preferred by many because of its eorrelation with elinieal findings. C and D. The dermatome pattern of the lower limb 
aeeording to Keegan and Garrett (1948) is preferred by others for its aesthetie uniformity and obvious eorrelation with development. Although depieted as 
distinet zones, adjaeent dermatomes overlap eonsiderably, except along the axial line. 



(A) Anterior View 



Inversion 
L4 

L5 


Eversion 
L5 

S1 


Subtalar Inversion and 
Eversion 


(C) Anterior View 



Dorsiflexion 


Plantarflexion 


Metatarsophalangeal and 
phalangeal 

(D) Medial View 



FIGIJRE 5.18. Myotomes: segmental innervation of muscle groups and movements of lower limb. The level of spinal eord injury or nerve impingement 
may be determined by the strength and ability to perform particular movements. 
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FASeiA, VEINS, LYMPHATIGS, 

AND CUTANEOUS NERVES 
OF LOWER LIMB 

eompartment Syndromes 
and Faseiotomy 

The faseial eompartments of the lower limbs 
are generally elosed spaees, ending proxi- 
mally and distally at the joints. Tranma to 
mnseles and/or vessels in the eompartments from bnrns, sus- 
tained intense use of muscles, or blunt trauma may produce 
hemorrhage, edema, and inflammation of the mnseles. Beeanse 
the septa and deep faseia of the leg forming the bonndaries of the 
leg eompartments are strong, the inereased volume consequent 
to any of these proeesses inereases intraeompartmental pressnre. 

The pressnre may reaeh levels high enough to eompress 
structures signifleantly in the eompartment(s) eoneerned. 
The small vessels of mnseles and nerves (vasa nervornm) are 
partienlarly vnlnerable to eompression. Structures distal to 
the eompressed area may beeome isehemie and permanently 
injnred (e.g., loss of motor fnnetion in mnseles whose blood 
supply and/or innervation is affeeted). inereased pressnre in 
a eonflned anatomieal spaee adversely affeets the eirenlation 
and threatens the fnnetion and viability of tissue within or 
distally, eonstitnting eompartment syndromes. 

Loss of distal leg pulses is an obvions sign of arterial eom- 
pression, as is lowering of the temperatnre of tissnes distal to 
the eompression. Afaseiotomy (ineision of overlying faseia or 
a septum) may be performed to relieve the pressure in the 
eompartment(s) eoneerned. 



Varieose Veins, Thrombosis, 
and Thrombophlebitis 

Frequently, the great saphenons vein and its tribu- 
taries beeome varieose (dilated so that the cusps of 
their valves do not elose). Varieose veins are eom- 
mon in the posteromedial parts of the lower limb and may 
cause diseomfort (Fig. B5.11A). In a healthy vein, the valves 
allow blood to flow toward the heart (B) while keeping blood 
from flowing away from the heart (C). Valves in varieose 
veins (D) are ineompetent due to dilation or rotation and no 
longer hmetion properly. As a result, blood flows inferiorly in 
the veins, prodneing varieose veins. 

Deep venons thromhosis (DVT) of one or more of the 
deep veins of the lower limb is eharaeterized by swelling, 
warmth, and erythema (inflammation and infeetion). Venons 
stasis (stagnation) is an important cause of thrombus forma- 
tion. Venous stasis ean be caused by: 

• ineompetent, loose faseia that fails to resist muscle expan- 
sion, diminishing the effeetiveness of the musculovenous 
pump. (Fig 1.26, p. 42) 




(A) Varieose veins 

FIGURE B5.11. 


• External pressnre on the veins from bedding during a pro- 
longed hospital stay or from a tight east or bandage. 

• Muscular inaetivity (e.g., during an overseas aireraft flight). 

DVT with inflammation around the involved veins (throm- 
hophlehitis) may develop. A large thrombns that breaks free 
from a lower limb vein may travel to a lung, forming a pnlmo- 
nary thromhoemholism (obstrnetion of a pnlmonary artery). 
A large embolns may obstrnet a main pnlmonary artery and 
may cause death. 

Saphenons Veìn Grafts 



The great saphenous vein is sometimes used for 
eoronary arterial bypasses beeanse (1) it is readily 
aeeessible, (2) a snffieient distanee occurs between 
the tribntaries and the perforating veins so that usable lengths 
ean be harvested, and (3) its wall eontains a higher pereentage 
of muscular and elastie fibers than do other snperfieial veins. 

Saphenons vein grafts are used to bypass obstructions in 
blood vessels (e.g., in an intraeoronary thrombns). When part 
of the great saphenons vein is removed for a bypass, the vein 
is inverted so that the valves do not obstrnet blood flow in 
the venous graft. Because there are so many other leg veins, 
removal of the great saphenons vein rarely prodnees a signifi- 
eant problem in the lower limb or serionsly affeets eirenla- 
tion, provided the deep veins are intaet. In faet, removal of 
this vein may faeilitate the snperfieial to deep drainage pat- 
tern to take advantage of the musculovenous pump. 


Saphenous Cutdown 

and Saphenons Nerve Injury 

Even when it is not visible in infants, in 
obese people, or in patients in shoek whose 
veins are eollapsed, the great saphenons vein 
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ean always be loeated by making a skin ineision anterior to the 
medial malleolns (Fig. 5.14A). This proeednre, ealled Sisaphe- 
nous entdoion, is nsed to insert a eannnla for prolonged admin- 
istration of blood, plasma expanders, eleetrolytes, or dmgs. 

The saphenons nerve aeeompanies the great saphenons 
vein anterior to the medial malleolns. Shonld this nerve be 
ent dnring a saphenons cutdown or eanght by a ligatnre dnr- 
ing elosnre of a snrgieal wound, the patient may eomplain of 
pain or nnmbness along the medial border of the foot. 

Enlarged Ingnìnal Lymph Nodes 

Lymph nodes enlarge when diseased. Ahrasions 
and minor sepsis, eansed by pathogenie miero- 
organisms or their toxins in the blood or other tis- 
snes, may prodnee moderate enlargement of the snperfieial 
ingninal lymph nodes (lymphadenopathy) in othenvise 
healthy people. Beeanse these enlarged nodes are loeated in 
snbentaneons tissne, they are nsnally easy to palpate. 

When ingninal lymph nodes are enlarged, their entire 
field of drainage—the trnnk inferior to the nmbiliens, inelnd- 
ing the perinenm, as well as the entire lower limb—shonld 
be examined to determine the eanse of their enlargement. 
In female patients, the relatively remote possibility of metas- 
tasis of eaneer from the nterns shonld also be eonsidered 
beeanse some lymphatie drainage from the nterine fnndns 
may fiow along lymphaties aeeompanying the ronnd liga- 
ment of the nterns throngh the ingninal eanal to reaeh the 


snperfieial ingninal lymph nodes. All palpable lymph nodes 
shonld also be examined. 

Regìonal Nerve Bloeks of Lower Limbs 

Interrnption of the eondnetion of impnlses in 
peripheral nerves (nerve bloek) may be aehieved by 
making perinenral injeetions of anestheties elose to 
the nerves whose eondnetivity is to be bloeked. 

The femoral nerve (L2-L4) ean be bloeked 2 em inferior to 
the ingninal ligament, approximately a finger’s breadth lateral 
to the femoral artery. Paresthesia (tingling, bnrning, tiekling) 
radiates to the knee and over the medial side of the leg if the 
saphenons nerve (terminal braneh of femoral) is affeeted. 

Abnormalitìes of Sensory Fnnetion 

In most instanees, a peripheral nerve sensitizing an 
area of skin represents more than one segment of 
the spinal eord. Therefore, to interpret abnormali- 
ties of peripheral sensory fnnetion, peripheral nerve distribn- 
tion of the major entaneons nerves mnst be interpreted as 
anatomieally different from dermatome distribntion of the 
spinal eord segments (Fig. 5.17). Neighboring dermatomes 
may overlap. 

Pain sensation is tested by nsing a sharp objeet and asking 
the patient if pain is felt. If there is no sensation, the spinal 
eord segment(s) involved ean be determined. 




The Bottom Lìne 

FASeiA, EFFERENT VESSELS, AND CUTANEOUS NERVES OF LOWER LIMB 


Faseìa: The lower limb is invested by subcutaneous tissue and 
deep faseia. ♦ The former insulates, stores fat, and provides pas- 
sage forcutaneous nerves and superficial vessels (lymphaties and 
veins). ♦ The deep faseia of the thigh (faseia lata) and leg (crural 
faseia) (1) surround the thigh and leg, respeetively, limiting out- 
ward bulging of muscles and faeilitating venous return in deep 
veins; (2) separate muscles with similar functions and innerva- 
tion into eompartments; and (3) surround individual muscles, 
allowing them to aet independently. ♦ Modifieations ofthe deep 
faseia include openings that allow the passage of neurovascular 
structures (e.g., the saphenous opening) and thiekenings that 
retain tendons elose to the joints they aet on (retinacula). 

Veìns: The veins of the lower limb include both super- 
fieial (in the subcutaneous tissue) and deep (internal to the 
deep faseia) veins. ♦ The superficial great and small saphe- 
nous veins mainly drain the integument or skin and, via many 
perforating veins, continuously shunt blood to the deep 
veins aeeompanying the arteries. ♦ Deep veins are subject to 
muscle eompression (musculovenous pump) to aid venous 
return. ♦ All lower limb veins have valves to overeome the 
effeets of gravity. 


Lymphatìe vessels: Most lymph from the lower limb 
drains via lymphaties that follow the superficial veins (e.g., the 
saphenous veins) to the superficial inguinal nodes. ♦ Some 
lymphaties follow deep veins to deep inguinal nodes. Lymph 
drainage from the lower limb then passes deep to the external 
and eommon iliae nodes of the trunk. 

Cutaneous nerves: The cutaneous innervation of the lower 
limb refleets both the original segmental innervation of the skin via 
separate spinal nerves in its dermatomal pattern, and the result of 
plexus formation in the distribution of multisegmental peripheral 
nerves. ♦ Most innervation of the thigh is supplied by lateral and 
posterior cutaneous nerves ofthe thigh and anterior cutaneous 
branehes of the femoral nerve, the names of which deseribe their 
distribution. The latter branehes also supply most of the medial 
aspeet of the thigh. ♦ The innervation of the leg and dorsum of 
the foot is supplied by saphenous (anteromedial leg), sural (pos- 
terolateral leg), and fibular nerves (anterolateral leg and dorsum 
of foot). ♦ The plantar aspeet (sole) of the foot is supplied by eal- 
eaneal branehes of the tibial and sural nerves (heel region) and the 
medial and lateral plantar nerves; the areas of distribution of the 
latter are demareated by a line biseeting the 4th toe. 
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POSTURE AND GAIT 

The lower limbs function primarily in standing and 
walking. Typieally the aetions of lower limb muscles are 
deseribed as if the muscle were aeting in isolation, which 
rarely oeenrs. 

In this book, inelnding the eomments in the tables, the 
role of eaeh mnsele (or of the fnnetional group of which it is 
a member) is deseribed in typieal aetivities, espeeially stand- 
ing and walking. It is important to be familiar with lower 
limb movements and eoneentrie and eeeentrie eontraetions 
of mnseles, as deseribed in the Introdnetion (p. 29), and to 
have a basie nnderstanding of the proeesses of standing and 

Standing at Ease 

When a person is standing at ease with the feet slightly apart 
and rotated laterally so the toes point outward, only a few of 
the baek and lower limb mnseles are aetive (Fig. 5.19). The 
meehanieal arrangement of the joints and mnseles are such 
that a minimum of muscular aetivity is required to keep from 
falling. In the stand-easy position, the hip and knee joints are 
extended and are in their most stable positions (maximal eon- 
taet of artienlar snrfaees for weight transfer, with snpporting 
ligaments taut). 

The ankle joint is less stable than the hip and knee joints, 
and the line of gravity falls between the two limbs, just 
anterior to the axis of rotation of the ankle joints. Gonse- 
quently, a tendeney to fall fonvard {fortoard stvay) must 
be countered periodieally by bilateral eontraetion of the 
ealf mnseles (plantarflexion). The spread or splay of the 
feet inereases lateral stability. However, when lateral stoay 
oeenrs, it is eonntered by the hip abdnetors (aeting throngh 
the iliotibial traet). The flbnlar eollateral ligament of the 
knee joint and the evertor mnseles of one side aet with the 
thigh addnetors, tibial eollateral ligament, and invertor 
mnseles of the eontralateral side. 

Walkìng; The Gait Gyele 

Loeomotion is a complex fnnetion. The movements of the 
lower limbs dnring walking on a level snrfaee may be divided 
into alternating swing and stanee phases, illnstrated in Fignre 
5.20 and deseribed in Table 5.2. The gait eyele eonsists of 
one eyele of swing and stanee by one limb. The stanee phase 
begins with a heel strike (Fig. 5.20A), when the heel strikes 
the gronnd and begins to assnme the body’s full weight 
(loading response), and ends with a push ojfhy the forefoot 
(Fig 5.20G)—a resnlt of plantarflexion. (See the blue box 
“Absenee of Plantarflexion,” p. 607). 

The swing phase begins after push off when the toes 
leave the gronnd and ends when the heel strikes the 
gronnd. The swing phase oeenpies approximately 40% of 
the walking eyele and the stanee phase, 60%. The stanee 
phase of walking is longer than the swing phase beeanse 
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(A) Lateral view 


(B) Inferior view 


FIGITRE 5.19. Relaxed standing. A. The relationship of the line of 
gravity to the transverse rotational axes ofthe pelvis and lovver limb in 
the relaxed standing (stand-easy) position is demonstrated. Only minor 
postural adjustments, mainly by the extensors of the baek and the plan- 
tarfìexors ofthe ankle, are neeessary to maintain this position because the 
ligaments of the hip and knee are being tightly stretehed to provide passive 
support. B. A bipedal platform is formed by the feet during relaxed stand- 
ing. The vveight of the body is symmetrieally distributed around the eenter 
ofgravity, vvhieh falls in the posterior third ofa median plane betvveen the 
slightly parted and laterally rotated feet, anterior to the rotational axes of 
the ankle Joints. 


it begins and ends with relatively short periods (eaeh 10% 
of the eyele) of donble snpport (both feet are eontaeting 
the gronnd) as the weight is transferred from one side to 
the other, with a more extended period of single snpport 
(only one foot on the gronnd bearing all body weight) in 
between as the eontralateral limb swings fonvard. In run- 
ning, there is no period of donble snpport; consequently, 
the time and pereentage of the gait eyele represented by the 
stanee phase are redneed. 

Walking is a remarkably effleient aetivity, taking 
advantage of gravity and momentnm so that a minimnm 
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FIGURE5.20. Gaiteyele. The aetivity of one limb betvveen tvvo repeated events of vvalking. Eight phases are typieally deseribed, tvvo ofvvhieh have been 
eombined in (F) for simplifieation. 


TABLE 5.2. MUSCLE AGTION DURING GAIT CYCLE 



Phase of Gait 

Meehanieal Goals | 

Aetìve Muscle Groups 

Examples 

STANGE 

PHASE 

Heel strike (initial 
eontaet) 

Lower forefoot to 
ground 

Ankle dorsiflexors 
(eeeentrie eontraetion) 

Tibialis anterior 

Continue deeeleration 
(reverse forward swing) 

Hip extensors 

Gluteus maximus 

Preserve longitudinal areh 
of foot 

intrinsie muscles of foot 

Flexor digitorum brevis 

Long tendons of foot 

Tibialis anterior 

Loading response (flat 
foot) 

Aeeept weight 

Knee extensors 

Quadriceps 

Deeelerate mass (slow 
dorsiflexion) 

Ankle plantarflexors 

Trieeps surae (soleus and 
gastrocnemius) 

Stabilize pelvis 

Hip abductors 

Gluteus medius and minimus; 
tensorfaseiae latae 

Preserve longitudinal areh 
of foot 

intrinsie muscles of foot 

Flexor digitorum brevis 

Long tendons of foot 

Tibialis posterior; long flexors of digits 

Midstanee 

Stabilize knee 

Knee extensors 

Quadriceps 

Gontrol dorsiflexion (pre- 
serve momentum) 

Ankle plantarflexors 
(eeeentrie eontraetion) 

Trieeps surae (soleus and 
gastrocnemius) 

Stabilize pelvis 

Hip abductors 

Gluteus medius and minimus; 
tensorfaseiae latae 

Preserve longitudinal areh 
of foot 

intrinsie muscles of foot 

Flexor digitorum brevis 

Long tendons of foot 

Tibialis posterior; long flexors of digits 

Terminal stanee (heel off) 

Aeeelerate mass 

Ankle plantarflexors 
(eoneentrie eontraetion) 

Trieeps surae (soleus and 
gastrocnemius) 

Stabilize pelvis 

Hip abductors 

Gluteus medius and minimus; 
tensorfaseiae latae 

Preserve arehes of foot; 
fix forefoot 

intrinsie muscles of foot 

Adductor hallucis 

Long tendons of foot 

Tibialis posterior; long flexors of digits 
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TABLE 5.2. MUSCLE AGTION DURING GAIT GYGLE (Contìnued) 



Phase of Gait 

Meehanieal Goals | Aetive Muscle Groups 

Examples 

STANGE 

PHASE 

(eont'd.) 

Presvving (toe off) 

Aeeelerate mass 

Long flexors of digits 

Flexor halloeis longus; flexor digitorum 
longus 

Preserve arehes of foot; 
fix forefoot 

intrinsie moseles of foot 

Adductor hallucis 

Long tendons of foot 

Tibialis posterior; long flexors of digits 

Deeelerate thigh; prepare 
for svving 

Flexor of hip (eeeentrie 
eontraetion) 

Iliopsoas; rectus femoris 

SWING 

PHASE 

Initial swing 

Aeeelerate thigh; vary 
eadenee 

Flexor of hip (eoneen- 
trie eontraetion) 

Iliopsoas; rectus femoris 

eiearfoot 

Ankle dorsiflexors 

Tibialis anterior 

Midswing 

eiearfoot 

Ankle dorsiflexors 

Tibialis anterior 

Terminal swing 

Deeelerate thigh 

Hip extensors (eeeen- 
trie eontraetion) 

Gluteus maximus; hamstrings 

Deeelerate leg 

Knee flexors (eeeentrie 
eontraetion) 

Hamstrings 

Position foot 

Ankle dorsiflexors 

Tibialis anterior 

Extend knee to plaee 
foot (eontrol stride); 
prepare for eontaet 

Knee extensors 

Quadriceps 


of physieal exertion is reqmred. Most energy is nsed (1) 
in the eeeentrie eontraetion of the dorsiflexors dnr- 
ing the beginning (loading response) phase of stanee 
(Fig. 5.20B) as the heel is lowered to the gronnd follow- 
ing heel strike, and (2) espeeially at the end of stanee 
(terminal stanee; Fig. 5.20D) as the plantarflexors eon- 
eentrieally eontraet, pnshing the forefoot (metatarsals and 
phalanges) down to prodnee pnsh off, thns providing most 
of the propnlsive foree. 

Dnring the last part of the stanee phase (pnsh off or toe 
off; Fig. 5.20E), the toes flex to grip the gronnd and angment 
the pnsh off initiated from the ball of the foot (sole nnder- 
lying the heads of the medial two metatarsals). The long flex- 
ors and intrinsie mnseles of the foot stabilize the forefoot 
and toes so that the effeet of plantarflexion at the ankle and 
flexion of the toes is maximized. 

The swing phase also involves flexion of the hip so that the 
free limb aeeelerates faster than the fonvard movement of 
the body. Dnring ìnìtìal swing (Fig. 5.20F), the knee flexes 
almost simnltaneonsly, owing to momentnm (without expen- 
ditnre of energy), followed by dorsiflexion (lifting the fore- 
foot up) at the ankle joint. The latter two movements have 
the effeet of shortening the free limb so that it will elear the 
gronnd as it swings fonvard. By midswing, knee extension 
is added to the flexion and momentnm of the thigh to realize 
anterior swing fnlly. 

The extensors of the hip and flexors of the knee eontraet 
eeeentrieally at the end of swing phase (terminal swing; Fig. 
5.20G) to deeelerate the fonvard movement, while extensors 
of the knee (quadriceps) eontraet as neeessary to extend the 


leg for the desired length of stride and to position the foot 
(present the heel) for heel strike. 

Gontraetion of the knee extensors is maintained throngh 
the heel strike into the loading phase to absorb shoek and 
keep the knee from bnekling nntil it reaehes fnll extension. 
Beeanse the nnsnpported side of the hip tends to drop dnr- 
ing the swing phase (which would negate the effeet of limb 
shortening), abdnetor mnseles on the snpported side eon- 
traet strongly dnring the single snpport part of the stanee 
phase (Fig. 5.20F & G), pnlling on the flxed femnr to resist 
the tilting and keep the pelvis level. The same mnseles also 
rotate (advanee) the eontralateral side of the pelvis fonvard, 
eonenrrent with the swing of its free limb. 

Of eonrse, all these aetions alternate from side to side with 
eaeh step. The extensors of the hip normally make only minor 
eontribntions to level walking. Primarily, the hip is passively 
extended by momentnm dnring stanee, except when aeeel- 
erating or walking fast, and beeomes inereasingly aetive with 
inerease in slope (steepness) dnring walking nphill or up stairs. 
Goneentrie hip flexion and knee extension are nsed dnring the 
swing phase of level walking and so are not weight-bearing 
aetions; however, they are affeeted by body weight when their 
eeeentrie eontraetion is neeessary for deeeleration or walking 
downhill or down stairs. 

Stabilization and resilienee are important dnring loeo- 
motion. The invertors and evertors of the foot are prineipal 
stabilizers of the foot dnring the stanee phase. Their long 
tendons, plns those of the flexors of the digits, also help snp- 
port the arehes of the foot dnring the stanee phase, assisting 
the intrinsie mnseles of the sole. 
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ANTERIOR AND MEDIAL 
REGIONS OF THIGH 

Organìzatìon of Proximal Lower Limb 

During evolution, the development of a prominent glnteal 
region is elosely assoeiated with the assnmption of bipedal- 
ism and an ereet postnre. The prominent glnteal region is 
unique to humans. Modifìeation of the shape of the femur 
neeessary for bipedal walking and rnnning (speeifìeally the 
“bending” of the bone, ereating the angle of inelination and 
the troehanters, p. 518) allows the snperior plaeement of the 
abdnetors of the thigh into the glnteal region. 

The remaining thigh mnseles are organized into three 
eompartments by intermuseular septa that pass deeply 
between the muscle groups from the inner snrfaee of the fas- 
eia lata to the linea aspera of the femur (see Fig. 5.13D). The 
eompartments are anterior or extensor, medial or addnetor, 
and posterior orflexor, so named on the basis of their loea- 
tion or aetion at the knee joint. Generally, the anterior group 
is innervated by the femoral nerve, the medial group by the 
obturator nerve, and the posterior group by the tibial portion 
of the seiatie nerve. Althongh the eompartments vary in abso- 
lute and relative size depending on the level, the anterior 
eompartment is the largest overall and inelndes the femur. 

To faeilitate eontinmty and follow an approaeh eommonly 
used in disseetion eonrses, the anterior and medial eompart- 
ments of the thigh are addressed initially, followed by eon- 
tinuous examination of the posterior aspeet of the proximal 
limb: glnteal region and posterior thigh. This approaeh is then 
eontinned by eonsideration of the popliteal fossa and leg. 

Anterìor Thigh Mnseles 

The large anterior eompartment of the thigh eontains the 
anterior thigh mnseles, thefle^ors of the hip (Fig. 5.21A-D) 
and extensors of the knee (Fig. 5.21E-I). For attaehments, 
nerve supply, and main aetions of these mnseles, see Tables 
5.3.1 and 5.3.II. The anterior thigh mnseles inelnde the pee- 
tineus, iliopsoas, sartorius, and quadriceps femoris.^ 

The major muscles of the anterior eompartment tend to 
atrophy (diminish) rapidly with disease, and physieal therapy 
is often neeessary to restore strength, tone, and symmetry with 
the opposite limb after immobilization of the thigh or leg. 

PECTINEUS 

The peetinens is a fìat quadrangular muscle loeated in the 
anterior part of the snperomedial aspeet of the thigh (Fig. 
5.21A & B; Table 5.3.1). It often appears to be eomposed 
of two layers, snperfìeial and deep, and these are generally 

Tecause of its anterior position, the tensor faseiae latae is often stndied with 
the anterior thigh mnseles for eonvenienee (i.e., when the eadaver is snpine); 
however, it is actually part of the glnteal gronp and will be inelnded with that 
gronp in this book. 


innervated by two different nerves. Beeanse of the dual nerve 
supply and the muscle s aetions (the peetinens addnets and 
fìexes the thigh and assists in medial rotation of the thigh), 
it is aetnally a transitional muscle between the anterior and 
medial eompartments. 

ILIOPSOAS 

The iliopsoas, the ehief fìexor of the thigh, is the most powerful 
of the hip fìexors with the longest range. Althongh it is one of 
the body s most powerful muscles, it is relatively hidden, with 
most of its mass loeated in the posterior wall of the abdomen 
and greater pelvis. Its broad lateral part, the iKacus, and its long 
medial part, the psoas major, arise from the iliae fossa and 
lumbar vertebrae, respeetively (Fig. 5.21C; Table 5.3.1). Thus, 
it is the only muscle attaehed to the vertebral column, pelvis, 
and femur. It is in a unique position not only to prodnee move- 
ment but to stabilize (fìxate). However, it ean also perpetnate 
and even eontribnte to deformity and disability when it is mal- 
formed (espeeially if it is shortened), dysfiinetional, or diseased. 

Goneentrie eontraetion of the iliopsoas typieally moves 
the free limb, prodneing fìexion at the hip to lift the limb and 
initiate its fonvard swing during walking (i.e., during the pre- 
swing and initial swing phases) as the opposite limb aeeepts 
weight (Fig. 5.20E & F), or to elevate the limb during elimb- 
ing. However, it is also eapable of moving the trunk. Bilateral 
eontraetion of the iliopsoas mnseles initiates fìexion of the 
trunk at the hip on the fìxed thigh—as when (ineorreetly) 
doing sit-ups—and deereases the lumbar lordosis (curvature) 
of the vertebral column. It is aetive during walking downhill, 
its eeeentrie eontraetion resisting aeeeleration. 

The iliopsoas is also a postnral muscle, aetive during stand- 
ing in maintaining normal lumbar lordosis (and indireetly the 
eompensatory thoraeie kyphosis; see Ghapter 4) and resisting 
hyperextension of the hip joint (see Fig. 5.19). 

SARTORIUS 

The sartorius, the “tailor’s muscle” (L. sartns, patehed or 
repaired), is long and ribbon-like. It passes lateral to medial 
aeross the snperoanterior part of the thigh (Fig. 5.21D; Table 
5.3.1). The sartorins lies snperfìeially in the anterior eom- 
partment, within its own relatively distinet faseial sheath. It 
deseends inferiorly as far as the medial side of the knee. 

The sartorins, the longest muscle in the body, aets aeross 
two joints. It fìexes the hip joint and partieipates in fìexion of 
the knee joint. It also weakly abdnets the thigh and laterally 
rotates it. The aetions of both sartorins mnseles bring the 
lower limbs into the eross-legged sitting position. None of 
the aetions of the sartorins is strong; therefore, it is mainly a 
synergist, aeting with other thigh mnseles that prodnee these 
movements. 

QUADRICEPS FEMORIS 

The quadriceps femoris (L., four-headed femoral mus- 
ele) forms the main bulk of the anterior thigh mnseles, and 
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FIGIJRE 5.21. Muscles of anterìor thìgh: flexors of hìp joìnt. 


TABLE 5.3.1. MUSCLES OF ANTERIOR THIGH: FLEXORS OF HIP JOINT 


Muscle 

Proximal Attaehment^ 

Distal Attaehment 

Innervation*’ 

Main Aetion(s) 

Pectineus 

(Fig. 5.21A & B) 

Superior rannus of pubis 

Peetineal line of femur, just 
inferiorto lesser troehanter 

Femoral nerve (L2, L3); 
may reeeive a braneh 
from obturator nerve 

Adducts and flexes thigh; 
assists vvith medial rotation 
of thigh 

Iliopsoas 

(Fig. 5.21A &C) 

Psoas major 

Sides ofT12-L5 vertebrae 
and dises betvveen them; 
transverse proeesses of all 
lumbar vertebrae 

Lesser troehanter of femur 

Anterior rami of lumbar 
nerves (Ll, L2, L3) 

Aeteonjointly in flexing 
thigh at hip jointand in 
stabilizing this jointt 

Psoas minor 

Sides of T12-L1 vertebrae 
and intervertebral dises 

Peetineal line, iliopeetineal emi- 
nenee via iliopeetineal areh 

Anterior rami of lumbar 
nerves (Ll, L2) 

Iliacus 

lliae erest, iliae fossa, ala 
of sacrum, and anterior 
saero-iliae ligaments 

Tendon of psoas major, lesser 
troehanter, and femur distal to it 

Femoral nerve (L2, L3) 

Sartorius 

(Fig. 5.21A & D) 

Anterior superior iliae spine 
and superior part of noteh 
inferior to it 

S uperior part of medial surface 
of tibia 

Femoral nerve (L2, L3) 

Flexes, abducts, and later- 
ally rotates thigh at hip joint; 
flexes leg at knee joint, 
(medially rotating leg vvhen 
knee is fìexed)^ 


®The Latin word insertio means attaehment. The terms insertion and origin (L. origo) have not been used here (or elsewhere) sinee they ehange with function. 

‘’The spinal eord segmental innervation is indieated (e.g., "Ll, L2, L3" means thatthe nerves supplying the psoas major are derived from the firstthree lumbar 
segments of the spinal eord). Numbers in boldfaee (Ll, L2) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments, 
orto the motor nerve roots arising from them, results in paralysis ofthe muscles eoneerned. 

^The psoas major is also a postural muscle that helps eontrol the deviation of the trunk and is aetive during standing. 

^The four aetions of the sartorius (L. sartor, tailor) produce the onee eommon eross-legged sitting position used by tailors, henee the name. 


eolleetively eonstitutes the largest and one of the most power- 
fnl mnseles in the body. It eovers almost all the anterior aspeet 
and sides of the femnr (Fig. 5-21E-I). The quadrieeps femo- 
ris (nsnally shortened to quadriceps) eonsists of fonr parts: (1) 
reetns femoris, (2) vastns lateralis, (3) vastns intermedins, and 
(4) vastns medialis. Golleetively, the quadriceps is a two-joint 
mnsele eapable of prodneing aetion at both the hip and knee. 


The quadriceps is the great extensor of the leg. Goneen- 
trie eontraetion of the quadriceps to extend the knee against 
gravity is important dnring rising from sitting or squatting, 
elimbing and walking up stairs, and for aeeeleration and pro- 
jeetion (rnnning and jnmping) when it is lifting or moving the 
body’s weight. Consequently, it may be three times stronger 
than its antagonistie mnsele gronp, the hamstrings. 
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FIGIJRE 5.21. Muscles of anterior thigh (continued): extensors of knee. 


TABLE 5.3.II. MUSCLES OF ANTERIOR THIGH: EXTENSORS OF KNEE 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Quadriceps femoris 

(Fig. 5.21E-H) 





Rectus femoris 

Anterior inferior iliae spine and 
iliunn superiorto acetabulunn 

Via eommon tendinous 
(quadriceps tendon) and 
independentattaehments to 
base of patella; indireetly via 
patellar ligamentto tibial tuber- 
osity; medial and lateral vasti 
also attaeh to tibia and patella 
via aponeuroses (medial and 
lateral patellar retinacula) 

Femoral nerve 
(L2, L3, L4) 

Extend leg at knee joint; 
rectus femoris also steadies 
hipjointand helps iliopsoas 
flex thigh 

Vastus iateraiis 

Greater troehanter and lateral 
lip of linea aspera of fennur 

Vastus mediaiis 

intertroehanterie line and 
medial lip of linea aspera 
of femur 

Vastus intermedius 

Anteriorand lateral surfaces 
of shaftof femur 


^The spinal eord segmental innervation is indieated (e.g., "Ll, L2, L3"means thatthe nerves sopplying the quadriceps femoris are derived from the firstthree lumbar 
segments of the spinal eord). Numbers in boldfaee (L3, L4) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments or to 
the motor nerve roots arising from them results in paraìysis ofthe muscles eoneerned. 


In level walking, the quadriceps mnseles beeome 
aetive dnring the termination of the swing phase, pre- 
paring the knee to aeeept weight (Fig. 5.20G; Table 5.2). 
The quadriceps is primarily responsible for absorbing 
the jarring shoek of heel strike, and its aetivity eontinnes 
as the weight is assnmed dnring the early stanee phase 
(loading response). It also fnnetions as a fixator dnring 
bent-knee sports, sneh as skiing and tennis, and eontraets 
eeeentrieally dnring downhill walking and deseending 
stairs. 

The tendons of the fonr parts of the quadriceps nnite in 
the distal portion of the thigh to form a single, strong, broad 
quadriceps tendon (Fig.5.21F). The patellar ligament 
(L. lìgamentnm patellae), attaehed to the tibial tnberosity, 
is the eontinnation of the quadriceps tendon in which the 
patella is embedded. The patella is thns the largest sesamoid 
bone in the body. 


The medial and lateral vasti mnseles also attaeh indepen- 
dently to the patella and form aponenroses, the medial and 
lateral patellar retinaenla, which reinforee the joint eap- 
snle of the knee joint on eaeh side of the patella en ronte to 
attaehment to the anterior border of the tibial platean. The 
retinaenla also play a role in keeping the patella aligned over 
the patellar snrfaee of the femnr. 

The patella provides a bony snrfaee that is able to with- 
stand the eompression plaeed on the quadriceps tendon 
dnring kneeling and the frietion oeenrring when the knee 
is flexed and extended dnring rnnning. The patella also pro- 
vides additional leverage for the quadriceps in plaeing the 
tendon more anteriorly, farther from the joint’s axis, eansing 
it to approaeh the tibia from a position of greater meehanieal 
advantage. The inferiorly direeted apex of the patella indi- 
eates the level of the joint plane of the knee when the leg is 
extended and the patellar ligament is tant (Fig. 5.22C). 
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FIGIJRE 5.22. Suprapatellar bursa and articularis genu. In A and B, the suprapatellar bursa, normally a potential spaee extending between the quadri- 
eeps and the femur (exaggerated for sehematie purposes in C), is depieted as if injeeted with latex. 


Testing the quadrieeps^ is performed with the person in 
the snpine position with the knee partly flexed. The person 
extends the knee against resistanee. Dnring the test, eontrae- 
tion of the reetns femoris shonld be observable and palpable 
if the mnsele is aeting normally, indieating that its nerve snp- 
ply is intaet. 

Rectus Femorís. The rectus femoris reeeived its name 
beeanse it rnns straight down the thigh (L. reetns, straight). 
Beeanse of its attaehments to the hip bone and tibia via the 
patellar ligament (Fig. 5.21E & F), erosses tioojoints; henee 
it is eapable of flexing the thigh at the hip joint and extending 
the leg at the knee joint. The reetns femoris is the only part of 
the quadriceps that erosses the hip joint, and as a hip flexor it 
aets with and like the iliopsoas dnring the preswing and initial 
swing phases of walking (Fig. 5.20F; Table 5.2). 

The ability of the reetns femoris to extend the knee is 
eompromised dnring hip flexion, bnt it does eontribnte to 
the extension foree dnring the toe off phase of walking, when 
the thigh is extended. It is partienlarly effieient in movements 
eombining knee extension and hip flexion from a position 
of hip hyperextension and knee flexion, as in the prepara- 
tory position for kieking a soeeer ball. The reetns femoris is 
snseeptible to injnry and avnlsion from the anterior inferior 
iliae spine dnring kieking, henee the name “kieking mnsele.” 
A loss of fnnetion of the reetns femoris may rednee thigh 
flexion strength by as mneh as 17%. 

Vastus IVIuscles. The names of the three large vastus 
muscles (pL, vasti) indieate their position aronnd the femo- 

ral shaft (Fig. 5.21E-I; Table 5.3.II): 

^There are entire texts dedieated to the testing of mnseles. We are providing 
only a few important examples nsefnl to primary eare health professionals. 


• Vastus lateralis, the largest eomponent of the quadri- 
eeps, lies on the lateral side of the thigh. 

• Vastus medialis eovers the medial side of the thigh. 

• Vastus intermedius lies deep to the reetns femoris, 
between the vastns medialis and vastns lateralis. 

It is diffienlt to isolate the fnnetion of the three vastns 
mnseles. 

The small, flat articularis genu (artienlar mnsele of the 
knee), a derivative of the vastns intermedins, nsnally eonsists 
of a variable nnmber of mnsenlar slips that attaeh snperiorly 
to the inferior part of the anterior aspeet of the femnr, and 
inferiorly to the synovial membrane of the knee joint and the 
wall of the snprapatellar hursa (Figs. 5.2lE and 5.22). The 
artienlaris genn mnsele pnlls the synovial membrane snperi- 
orly dnring extension of the leg, thereby preventing folds of 
the membrane from being eompressed between the femnr 
and the patella within the knee joint. 

Medial Thigh Muscles 

The mnseles of the medial eompartment of the thigh eom- 
prise the adductor group, eonsisting of the addnetor longns, 
addnetor brevis, addnetor magnns, graeilis, and obtnrator 
externus (Fig. 5.23). In general, they attaeh proximally to 
the antero-inferior external snrfaee of the bony pelvis (pnbie 
bone, isehiopnbie ramns, and isehial tnberosity), and adja- 
eent obtnrator membrane, and distally to the linea aspera of 

the femnr (Fig. 5.23A; Table 5.4) 

All addnetor mnseles, except the “hamstring part” of the 
addnetor magnns and part of the peetinens are snpplied 
by the ohturator nerve (L2-L4). The hamstring part of the 
addnetor magnns is snpplied by the tibial part of the seiatie 
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FIGIJRE 5.23. Muscles of medìal thìgh: adductors of thìgh. 


TABLE 5.4. MUSCLES OF MEDIAL THIGH: ADDUCTORS OF THIGH 


Muscle^ 

Proximal Attaehment 

Distal Attaehment 

Innervation*’ 

Main Aetion 

Adductor longus 

(Fig. 5.23E &G) 

Body of pubis inferiorto 
pubic erest 

Middle third of linea aspera 
of femur 

Obturator nerve, braneh of, 
antehordivision (L2, L3, L4) 

Adducts thigh 

Adductor brevis 

(Fig. 5.23F &G) 

Body and inferior ramus of 
pubis 

Peetineal line and proximal 
partof linea aspera offemur 

Adducts thigh; to 
some extentflexes it 

Adductor magnus 

(Fig.5.23C,D,&G) 

Adductor part: inferior ramus 
of pubis, ramus of ischium 
Hamstrings part: isehial 
tuberosity 

Adductorpart: gluteal 
tuberosity, linea aspera, 
medial supracondylar line 
Hamstring part: adductor 
tubercle of femur 

Adductor part: obturator 
nerve (L2, L3, L4), branehes 
of posterior division 

Hamstring part: tibial partof 
seiatie nerve (L4) 

Adducts thigh 

Adductor part: 
flexes thigh 

Hamstrings part: 
extends thigh 

Graeilis (Fig. 5.23H) 

Body and inferior ramus of 
pubis 

Superior part of medial 
surface of tibia. 

Obturator nerve (L2, L3) 

Adducts thigh; flexes 
leg; helps rotate leg 
medially 

Obturator externus 

Margins of obturatorforamen 
and obturator membrane 

Troehanterie fossa of femur 

Obturator nerve (L3, L4) 

Laterally rotates thigh; 
steadies head of 
femur in acetabulum 


^eolleetively, the five muscles listed are the adductors ofthe thigh, buttheir aetions are more complex (e.g., they aetas flexors ofthe hip jointduring flexion ofthe 
knee jointand are aetive during vvalking). 

Hhe spinal eord segmental innervation is indieated (e.g., "L2, L3, L4" means thatthe nerves supplying the adductor longus are derived from the seeond to fourth 
lumbar segments of the spinal eord). Numbers in boldfaee (L3) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments or 
to the motor nerve roots arising from them results in paralysis ofthe muscles eoneerned. 
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nerve (L4). The details of their attaehments, nerve snpply, 
and aetions of the mnseles are provided in Table 5.4. 

ADDUCTOR LONGUS 

The adductor longus is a large, fan-shaped mnsele and is 
the most anteriorly plaeed of the addnetor gronp. The trian- 
gnlar long addnetor arises by a strong tendon from the ante- 
rior aspeet of the body of the pnbis, jnst inferior to the pnbie 
tnberele (apex of triangle), and expands to attaeh to the linea 
aspera of the femnr (base of triangle) (Fig. 5.23A & B); in so 
doing it eovers the anterior aspeets of the addnetor brevis 
and the middle of the addnetor magnns. 

ADDUCTOR BREVIS 

The adductor brevis, the short addnetor, lies deep to the 
peetinens and addnetor longns, where it arises from the body 
and inferior ramns of the pnbis. It widens as it passes distally 
to attaeh to the snperior part of the linea aspera (Fig. 5.23A, 
e, &D). 

As the obtnrator nerve emerges from the obtnrator eanal 
to enter the medial eompartment of the thigh, it splits into 
an anterior and a posterior division. The two divisions pass 
anterior and posterior to the addnetor brevis. This unique 
relationship is nsefnl in identifying the mnsele dnring dissee- 
tion and in anatomieal eross-seetions. 

ADDUCTOR MAGNUS 

The adductor magnus is the largest, most powerful, and 
most posterior mnsele in the addnetor gronp. This addne- 
tor is a eomposite, triangnlar mnsele with a thiek, medial 
margin that has an addnetor part and a hamstring part. The 
two parts differ in their attaehments, nerve snpply, and main 
aetions (Table 5.4). 

The addnetor part fans ont widely for aponenrotie distal 
attaehment along the entire length of the linea aspera of the 
femnr, extending inferiorly onto the medial snpraeondylar 
ridge (Fig. 5.23A, E, & F). The hamstring part has a tendi- 
nons distal attaehment to the addnetor tnberele. 


Graeilis 



Semitendinosus 


Sartorius 




(B) Medial view 


anserinus 


Pes 

anserinus 


(A) Anterior view 


FIGURE 5.24. Pes anserinus. A. Contributing muscles. B. Gonverging 
tendons forming pes anserinus. 


add stability to the medial aspeet of the extended knee, mneh 
as the glntens maximus and tensor faseiae latae do via the 
iliotibial traet on the lateral side. 

OBTURATOR EXTERNUS 

The obturator externus is a flat, relatively small, fan-shaped 
mnsele that is deeply plaeed in the snperomedial part of the 
thigh. It extends from the external snrfaee of the obtnrator 
membrane and snrronnding bone of the pelvis to the poste- 
rior aspeet of the greater troehanter, passing direetly nnder 
the aeetabnlnm and neek of the femnr (Fig 5.23H). 

AGTIONS OF ADDUCTOR MUSCLE GROUP 


GRAGILIS 

The graeilis (L., slender) is a long, strap-like mnsele and is 
the most medial mnsele of the thigh. It is the most snperfleial 
of the addnetor gronp and the weakest member. It is the 
only one of the gronp to eross the knee joint as well as the 
hip joint. The graeilis joins with two other two-joint mnseles 
from the other two eompartments (the sartorins and semi- 
tendinosns mnseles) (Fig. 5.24). Thns, the three mnseles are 
innervated by three different nerves. They have a eommon 
tendinons insertion, the pes anserinus (L., goose’s foot), 
into the snperior part of the medial snrfaee of the tibia. 

The graeilis is a synergist in addneting the thigh, flexing 
the knee, and rotating the leg medially when the knee is 
flexed. It aets with the other two “pes anserinns” mnseles to 


From the anatomieal position, the main aetion of the addne- 
tor gronp is to pnll the thigh medially, toward or past the 
median plane. Three addnetors (longns, brevis, and magnns) 
are nsed in all movements in which the thighs are addneted 
(e.g., pressed together when riding a horse). 

They are also nsed to stabilize the stanee when standing 
on both feet, to eorreet a lateral sway of the trnnk, or when 
there is a side-to-side shift of the snrfaee on which one is 
standing (roeking a boat, standing on a balanee board). These 
mnseles are also nsed in kieking with the medial side of the 
foot in soeeer and in swimming. Finally, they eontribnte to 
flexion of the extended thigh and extension of the flexed 
thigh when rnnning or against resistanee. 

The addnetors as a gronp eonstitnte a large mnsele mass. 
Althongh they are important in many aetivities, it has been 
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shown that a rednetion of as mneh as 70% in their fnnetion 
will resnlt in only a slight to moderate impairment of hip 
fnnetion (Markhede and Stener, 1981). 

Testing of the medial thigh mnseles is performed while the 
person is lying snpine with the knee straight. The individnal 
addnets the thigh against resistanee, and if the addnetors are 
normal, the proximal ends of the graeilis and addnetor longns 
ean easily be palpated. 

ADDUCTOR HIATUS 

The adductor hìatus is an opening or apertnre between 
the aponenrotie distal attaehment of the addnetor part of the 
addnetor magnns and the tendinons distal attaehment of the 
hamstring part (Fig. 5.23E). The addnetor hiatns transmits the 
femoral artery and vein from the addnetor eanal in the thigh to 
the popliteal fossa posterior to the knee. The opening is loeated 
jnst lateral and snperior to the addnetor tnberele of the femnr. 

Neurovascular Structures and 
Relationshíps in Anteromedial Thigh 

FEMORAL TRIANGLE 

The femoral triangle, a snbfaseial formation, is a triangnlar 
landmark nsefnl in disseetion and in nnderstanding relation- 
ships in the groin (Fig. 5.25A & B). In living people, it appears 
as a triangnlar depression inferior to the ingninal ligament 
when the thigh is flexed, abdneted, and laterally rotated (Fig. 
5.25A). The femoral triangle is bonnded (Fig 5.25B): 

• Snperiorly by the ingninal ligament (thiekened inferior 
margin of external oblique aponenrosis) that forms the 
hase of thefemoral triangle. 

• Medially by the lateral border of the addnetor longns. 

• Laterally by the sartorins; the apex of the femoral triangle 
is where the medial border of the sartorins erosses the 
lateral border of the addnetor longns. 

The mnsenlar^Zoor of the femoral triangle is formed by the 
iliopsoas laterally and the peetinens medially. The roof of the 
femoral triangle is formed by the faseia lata and eribriform 
faseia, snbentaneons tissne, and skin. 

The ingninal ligament aetnally serves as a flexor retinaen- 
Inm, retaining strnetnres that pass anterior to the hip joint 
against the joint dnring flexion of the thigh. Deep to the 
ingninal ligament, the retro-inguinal spaee (ereated as the 
ingninal ligament spans the gap between the two bony prom- 
inenees to which it is attaehed, the ASIS and pnbie tnberele) 
is an important passageway eonneeting the trnnk/abdomino- 
pelvie eavity to the lower limb (Fig 5.26A & B). 

The retro-ingninal spaee is divided into two eompart- 
ments (L. laennae) by a thiekening of the iliopsoas faseia, 
the iliopeetineal areh, which passes between the deep snr- 
faee of the ingninal ligament and the iliopnhie eminenee (see 
Fig. 5.6B). Lateral to the iliopeetineal areh is the muscular 
eompartment of the retro-inguinal spaee, throngh which 
the iliopsoas mnsele and femoral nerve pass from the greater 
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URE 5.25. Surface anatomv of femoral 




pelvis into the anterior thigh (Fig. 5.26A & B). Medial to the 
areh, the vasenlar eompartment of the retro-inguinal 
spaee allows passage of the major vasenlar strnetnres (veins, 
artery, and lymphaties) between the greater pelvis and the 
femoral triangle of the anterior thigh. As they enter the fem- 
oral triangle, the names of the vessels ehange from external 
iliae to femoral. 

The eontents of the femoral triangle, from lateral to 

medial, are (Figs. 5.26B and 5.27A & B) the: 

• Femoral nerve and its (terminal) branehes. 

• Femoral sheath and its eontents: 

• Femoral artery and several of its branehes. 

• Femoral vein and its proximal tribntaries (e.g., the 
great saphenons and profnnda femoris veins). 

• Deep ingninal lymph nodes and assoeiated lymphatie 
vessels. 

The femoral triangle is biseeted by the femoral artery and 
vein, which pass to and from the addnetor eanal inferiorly at 
the triangle’s apex (Fig. 5.27A). The adductor eanal is an 
intermnsenlar passageway deep to the sartorins by which the 
major nenrovasenlar bnndle of the thigh traverses the middle 

third of the thigh (Figs. 5.27B and 5.30). 
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FIGIJRE 5.26. Retro-ìnguìnal spaee; 
structure and eontents of femoral sheath. 

A. Compartments of retro-inguinal spaee 
and structures traversing them to enter 
femoral triangle. B. This disseetion of supe- 
rior end of anterior aspeet of the right thigh 
demonstrates the distal continuation of the 
structures cut in A. Note the eompartments 
vvithin the femoral sheath. The proximal 
end (abdominal opening) of the femoral 
eanal is the femoral ring. 


FEMORAL NERVE 

The femoral nerve (L2-L4) is the largest braneh of the 
Inmbar plexus. The nerve originates in the abdomen vvithin 
the psoas major and deseends posterolaterally throngh the 
pelvis to approximately the midpoint of the ingninal liga- 
ment (Figs. 5.26B and 5.27A). It then passes deep to this 
ligament and enters the femoral triangle, lateral to the fem- 
oral vessels. 


After entering the femoral triangle, the femoral nerve 
divides into several branehes to the anterior thigh mnseles. 
It also sends artienlar branehes to the hip and knee joints 
and provides several entaneons branehes to the anteromedial 

side of the thigh (Table 5.1, p. 537). 

The terminal entaneons braneh of the femoral nerve, 
the sa ph enous nerve, deseends throngh the femoral tri- 
angle, lateral to the femoral sheath eontaining the femoral 
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FIGIJRE 5.27. Structures of femoral triangle. A. The boundaries and eontents of femoral triangle. The triangle is bound by the inguinal ligament supe- 
riorly, the adductor longus medially, and the sartorius laterally. The femoral nerve and vessels enter the base ofthe triangle superiorly and exit from its apex 
inferiorly. B. In this deeper disseetion, seetions have been removed from the sartorius and femoral vessels and nerve. Observe the muscles forming the fìoor 
of the femoral triangle: the iliopsoas laterally and the pectineus medially. Of the neurovascular structures at the apex of the femoral triangle, the tvvo anterior 
vessels (femoral artery and vein) and the two nerves enter the adductor eanal (anterior to adductor longus), and the two posterior vessels (profunda femoris 
artery and vein) pass deep (posterior) to the adductor longus. 


vessels (Figs. 5.26B and 5.27B; Table 5.1 p. 538). The 

saphenons nerve aeeompanies the femoral artery and vein 
throngh the addnetor eanal and beeomes snperfieial by 
passing betvveen the sartorins and graeilis when the femo- 
ral vessels traverse the addnetor hiatns at the distal end 
of the eanal. It rnns antero-inferiorly to snpply the skin 
and faseia on the anteromedial aspeets of the knee, leg, 
and foot. 

FEMORAL SHEATH 

The femoral sheath is a fnnnel-shaped faseial tnbe of 
varying length (nsnally 3-4 em) that passes deep to the 
ingninal ligament, lining the vasenlar eompartment of the 
retro-ingninal spaee (Fig. 5.28). It terminates inferiorly by 
blending with the adventitia of the femoral vessels. The 
sheath eneloses proximal parts of the femoral vessels and 
ereates the femoral eanal medial to them (Figs. 5.26B and 

5.28B). 

The femoral sheath is formed by an inferior prolongation 
of transversalis and iliopsoas faseia from the abdomen. The 
femoral sheath does not enelose the femoral nerve beeanse 
it passes throngh the mnsenlar eompartment. When a long 
femoral sheath oeenrs (extends farther distally), its medial 
wall is piereed by the great saphenons vein and lymphatie 
vessels (Fig. 5.28). 


The femoral sheath allows the femoral artery and vein to glide 
deep to the ingninal ligament dnring movements of the hip joint. 

The femoral sheath lining the vasenlar eompartment is 
snbdivided internally into three smaller eompartments by 
vertieal septa of extraperitoneal eonneetive tissne that extend 
from the abdomen along the femoral vessels (Figs. 5.26B and 
5.28B). The eompartments of the femoral sheath are the: 

• Lateral eompartment for the femoral artery. 

• Intermediate eompartment for the femoral vein. 

• Medial eompartment, whieh is the femoral eanal. 

The femoral eanal is the smallest of the three eompartments 
of the femoral sheath. It is eonieal and short (approximately 
1.25 em) and lies between the medial edge of the femoral 
sheath and the femoral vein. The femoral eanal: 

• Extends distally to the level of the proximal edge of the 
saphenons opening. 

• Allows the femoral vein to expand when venons retnrn 
from the lower limb is inereased, or when inereased intra- 
abdominal pressnre eanses a temporary stasis (bloekage) 
in the vein (as dnring a Valsalva manenver, i.e., taking a 
breath and holding it, often while bearing down). 

• Gontains loose eonneetive tissne, fat, a few lymphatie ves- 
sels, and sometimes a deep ingninal lymph node (laennar 
lymph node). 
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FIGITRE 5.28. Disseetion of femoral sheath in 
femoral triangle. A. The faseia lata inferior to the 
inguinal ligament, including the faleiform margin 
of the saphenous opening, is cut and refìeeted 
inferiorly so that the inferior continuation of the 
iliae faseia ean be observed. The femoral nerve, 
seen through a vvindovv in the iliae faseia, is exter- 
nal and lateral to the femoral sheath, vvhereas 
the femoral artery and vein occupy the sheath, as 
shovvn vvhere the sheath is ineised (B). 


The hase of the femoral eanal is the oval femoral ring 
formed by the small (approximately 1 em wide) proximal 
opening at its abdominal end. This opening is elosed by extra- 
peritoneal fatty tissne that forms the transversely oriented 
femoral septnm (Fig. 5.28A). The abdominal snrfaee of the 
septnm is eovered by parietal peritonenm. The femoral sep- 
tnm is piereed by lymphatie vessels eonneeting the ingninal 
and external iliae lymph nodes. 

The honndaries of the femoral ring are (Fig. 5.26B): 

• Laterally, the vertieal septnm between the femoral eanal 
and femoral vein. 

• Posteriorly, the snperior ramns of the pnbis eovered by 
the peetinens mnsele and its faseia. 

• Medially, the laennar ligament. 

• Anteriorly, the medial part of the ingninal ligament. 

FEMORAL ARTERY 

Details eoneerning the origin, eonrse, and distribntion of 
the arteries of the thigh are illnstrated in Fignre 5.29 and 
deseribed in Table 5.5. 

The femoral artery, the eontinnation of the external 
iliae artery distal to the ingninal ligament, is the primary 

artery of the lower limb (Figs. 5.26-29; Table 5.5). It enters 
the femoral triangle deep to the midpoint of the ingninal lig- 
ament (midway between the ASIS and the pnbie tnberele). 


lateral to the femoral vein (Fig. 5.30A). The pnlsations of 
the femoral artery are palpable within the triangle beeanse 
of its relatively snperfìeial position deep (posterior) to the 
faseia lata. The artery lies and deseends on the adjaeent 
borders of the iliopsoas and peetinens mnseles that form 
the fìoor of the triangle. The snperfìeial epigastrie artery, 
snperfìeial (and sometimes the deep) eireumfìex iliae arter- 
ies, and the snperfìeial and deep external pndendal arteries 
arise from the anterior aspeet of the proximal part of the 
femoral artery. 

The profunda femoris artery (deep artery of thigh) 
is the largest braneh of the femoral artery and the ehief 
artery to the thigh (Fig 5.29). It arises from the lateral or 
posterior side of the femoral artery in the femoral triangle. In 
the middle third of the thigh, where it is separated from the 
femoral artery and vein by the addnetor longns (Figs. 5.27B 
and 5.30B), it gives off 3-4 perforating arteries that wrap 
aronnd the posterior aspeet of the femnr (Fig. 5.29; Table 
5.5). The perforating arteries snpply mnseles of all three fas- 
eial eompartments (addnetor magnns, hamstrings, and vastns 
lateralis). 

The circumflex femoral arteries eneirele the npper- 
most shaft of the femnr and anastomose with eaeh other and 
other arteries, snpplying the thigh mnseles and the snpe- 
rior (proximal) end of the femnr. The medial circumflex 
femoral artery is espeeially important beeanse it snpplies 
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FIGIJRE 5.29. Arterìes of anterìor and medìal thìgh. 


TABLE 5.5. ARTERIES OF ANTERIOR AND MEDIAL THIGH 


Artery 

Origin | Course | Distribution 

Femoral 

Continuation of external 
iliae artery distal to ingui- 
nal ligament 

Deseends through femoral triangle biseet- 
ing it; then courses through adductor eanal; 
terminates as ittraverses adductor hiatus, 
where its name beeomes popliteal artery 

Branehes supply anterior and anterome- 
dial aspeets of thigh 

Profunda femoris 
artery (deep artery 
of thigh) 

Femoral artery 1-5 em 
inferiorto inguinal 
ligament 

Passes deeply between pectineus and 
adductor longus; deseending posterior to 
latteron medial side offemur 

Three to four perforating arteries pass 
through adductor magnus muscle, winding 
around femurto supply muscles in medial, 
posterior, and lateral part of anterior 
eompartments 

Medial circumflex 
femoral 

Profunda femoris artery; 
may arise from femoral 
artery 

Passes medially and posteriorly between 
pectineus and iliopsoas; enters gluteal 
region and gives rise to posterior retinacu- 
lar arteries; then terminates by dividing into 
transverse and aseending branehes 

S upplies most of blood to head and neek 
offemur; transverse braneh takes partin 
cruciate anastomosis of thigh; aseending 
braneh joins inferior gluteal artery 

Lateral circumflex 
femoral 

Passes laterally deep to sartorius and ree- 
tus femoris, dividing into aseending, trans- 
verse, and deseending arteries 

Aseending braneh supplies anteriorpart 
of gluteal region; transverse braneh winds 
around femur; deseending braneh joins 
genicular peri-articular anastomosis 

Obturator 

Internal iliae artery or (in 
-20%) as an aeeessory 
or replaeed obturator 
artery from the inferior 
epigastrie artery 

Passes through obturatorforamen; enters 
medial eompartmentof thigh and divides 
into anterior and posterior branehes, which 
pass on respeetive sides of adductor brevis 

Anterior braneh supplies obturator exter- 
nus, pectineus, adductors of thigh, and 
graeilis; posterior braneh supplies muscles 
attaehed to isehial tuberosity 
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FIGIJRE 5.30. Adductor eanal in medial part of middle third of thigh. A. Orientation dravving showing the adductor eanal and the level ofthe seetion 
shown in B. B. This transverse seetion of the thigh shows the muscles bounding the adductor eanal and its neurovascular eontents. 


most of the blood to the head and neek of the femnr via 
its branehes, the posterior retinacular arteries. The 
retinaenlar arteries are often torn when the femoral neek is 
fraetnred or the hip joint is disloeated. The lateral circum- 
flex femoral artery, less able to snpply the femoral head 
and neek as it passes laterally aeross the thiekest part of the 
joint eapsnle of the hip joint, mainly snpplies mnseles on 
the lateral side of the thigh. 

Obturator Artery. The obturator artery helps the 
profnnda femoris artery snpply the addnetor mnseles via 
anterior and posterior branehes, which anastomose. The 
posterior braneh gives off an aeetabnlar braneh that snpplies 
the head of the femnr. 

FEMORAL VEIN 

The femoral vein is the eontinnation of the popliteal vein 
proximal to the addnetor hiatns. As it aseends throngh the 
addnetor eanal, the femoral vein lies posterolateral and then 
posterior to the femoral artery (Figs. 5.26B and 5.27A & B). 
The femoral vein enters the femoral sheath lateral to the 
femoral eanal and ends posterior to the ingninal ligament, 
where it beeomes the external iliae vein. 

In the inferior part of the femoral triangle, the femoral 
vein reeeives the profnnda femoris vein, the great saphe- 
nons vein, and other tribntaries. The profunda femo- 
ris vein (deep vein of thigh), formed by the nnion of 
three or fonr perforating veins, enters the femoral vein 
approximately 8 em inferior to the ingninal ligament and 
approximately 5 em inferior to the termination of the great 
saphenons vein. 


ADDUCTOR GANAL 

The addnetor eanal (snbsartorial eanal; Hnnter eanal) is a 
long (approximately 15 em), narrow passageway in the mid- 
dle third of the thigh. It extends from the apex of the femo- 
ral triangle, where the sartorins erosses over the addnetor 
longns, to the addnetor hiatns in the tendon of the addnetor 

magnns (Fig. 5.30A). 

The addnetor eanal provides an intermuscular passage for 
the femoral artery and vein, the saphenons nerve, and the 
slightly larger nerve to vastns medialis, delivering the femoral 
vessels to the popliteal fossa where they beeome popliteal 
vessels. 

The adductor eanal is honnded (Fig. 5.30B): 

• Anteriorly and laterally by the vastns medialis. 

• Posteriorly by the addnetors longns and magnns. 

• Medially by the sartorins, which overlies the groove 
between the above mnseles, forming the roof of the eanal. 

In the inferior third to half of the eanal, a tongh snbsarto- 
rial or vastoaddnetor faseia spans between the addnetor lon- 
gns and the vastns medialis mnseles, forming the anterior 
wall of the eanal deep to the sartorins. Beeanse this faseia 
has a distinet snperior margin, noviees disseeting in this area 
eommonly assnme when they see the femoral vessels pass 
deep to this faseia that they are traversing the addnetor hia- 
tns. The addnetor hiatus, however, is loeated at a more infe- 
rior level, jnst proximal to the medial snpraeondylar ridge. 
This hiatns is a gap between the aponenrotie addnetor and 
the tendinons hamstrings attaehments of the addnetor mag- 

nns (Fig. 5.23E). 
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Surface Anatomy of Anterior 
and Medial Regions of Thigh 

In fairly mnsenlar individnals, some of the bnlky anterior 
thigh mnseles ean be observed. The prominent mnseles are 
the quadriceps and sartorins, whereas laterally the tensor 
faseiae latae is palpable as is the iliotihial traet to whieh this 
mnsele attaehes (Fig. 5.31A). 

Three of the fonr parts of the quadriceps are visible or ean 
be approKÌmated (Fig. 5.3lA & B). The fonrth part (vastns 
intermedins) is deep and almost hidden by the other mnseles 
and eannot be palpated. 

The rectus femoris may be easily observed as a ridge pass- 
ing down the thigh when the lower limb is raised from the 
floor while sitting. Observe the large bnlges formed by the 
vastns lateralis and medialis at the knee (Fig. 5.31B). The 
patellar ligament is easily observed, espeeially in thin people, 
as a thiek band rnnning from the patella to the tibial tnberos- 
ity. Yon ean also palpate the infrapatellarfat pads, the masses 
of loose fatty tissne on eaeh side of the patellar ligament. 

On the medial aspeet of the inferior part of the thigh, 
the graeilis and sartorins mnseles form a well-marked 


prominenee, whieh is separated by a depression from the 
large bnlge formed by the vastus medialis (Fig. 5.31A & B). 
Deep in this depressed area, the large tendon of the addnetor 
magnus ean be palpated as it passes to its attaehment to the 
addnetor tnberele of the femnr. 

Measnrements of the lower limb are taken to deteet short- 
ening (e.g., resnlting from a femoral fraetnre). To make sneh 
measnrements, eompare the affeeted limb with the eorre- 
sponding limb. Real limb shortening is deteeted by eompar- 
ing the measnrements from the ASIS to the distal tip of the 
medial malleolns on both sides. 

To determine if the shortening is in the thigh, the mea- 
snrement is taken from the top of the ASIS to the distal 
edge of the lateral femoral eondyle on both sides. Keep in 
mind that small differenees between the two sides—sneh as 
a differenee of 1.25 em in total length of the limb—may be 
normal. 

The proximal two thirds of a line drawn from the mid- 
point of the ingninal ligament to the adductor tuhercle when 
the thigh is flexed, abdneted, and rotated laterally represents 
the eonrse of thefemoral artery (Fig. 5.30A). The proximal 
third of the line represents this artery as it passes throngh the 
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FIGIJRE 5.31. Surface anatomy of anterior and medial thigh. 
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femoral triangle, whereas the middle third represents 
the artery while it is in the addnetor eanal. Approximately 
3.75 em along this line distal to the ingninal ligament, the 
profnnda femoris artery arises from the femoral artery. 

The femoral vein is (Figs. 5.26B & 5.27A): 

• Medial to the femoral artery at the base of the femoral 
triangle (indieated by ingninal ligament). 

• Posterior to the femoral artery at the apex of the femoral 
triangle. 

• Posterolateral to the artery in the addnetor eanal. 

The femoral triangle, in the snpero-anterior aspeet of the 
thigh, is not a prominent snrfaee featnre in most people. 
When some people sit eross-legged, the sartorins and addne- 
tor longns stand ont, delineating the femoral triangle. The 


snrfaee anatomy of the femoral triangle is elinieally impor- 
tant beeanse of its eontents (Fig. 5.26B). 

The femoral artery ean be felt pnlsating jnst inferior to 
the midingninal point. When yon palpate the femoral pnlse, 
ìhefemoral vein is jnst medial, the femoral nerve is a fìnger’s 
breadth lateral, and thefemoral head is jnst posterior. The 
femoral artery rnns a 5-em snperfìeial eonrse throngh 
the femoral triangle before it is eovered by the sartorins in 
the addnetor eanal. 

The great saphenons vein enters the thigh posterior to the 
medial femoral eondyle and passes snperiorly along a line 
from the addnetor tnberele to the saphenons opening. The 
eentral point of this opening, where the great saphenons vein 
enters the femoral vein, is loeated 3.75 em inferior and 
3.75 em lateral to the pnbie tnberele (Fig. 5.27A). 


ANTERIOR AND MEDIAL 
REGIONS OF THIGH 



Hìp and Thìgh Gontnsions 

Sports broadeasters and trainers refer to a “hip 
pointer,” which is a eontnsion of the iliae erest that 
nsnally oeenrs at its anterior part (e.g., where the 
sartorins attaehes to the ASIS). This is one of the most eom- 
mon injnries to the hip region, nsnally oeenrring in assoeia- 
tion with eollision sports, sneh as the varions forms of football, 
iee hoekey, and volleyball. 

Contusions eanse bleeding from rnptnred eapillaries and 
infìltration of blood into the mnseles, tendons, and other 
soft tissnes. The term hip pointer may also refer to avnlsion 
of bony mnsele attaehments, for example, of the sartorins 
or reetns femoris to the anterior snperior and inferior iliae 
spines, respeetively, of the hamstrings from the isehinm. 
However, these injnries shonld be ealled avnlsion fraetnres. 

Another term eommonly nsed is “eharley horse,” which 
may refer either to the eramping of an individnal thigh mns- 
ele beeanse of isehemia or to eontnsion and rnptnre of blood 
vessels snffìeient enongh to form a hematoma. The injnry 
is nsnally the consequence of tearing of fìbers of the reetns 
femoris; sometimes the quadriceps tendon is also partially 
torn. The most eommon site of a thigh hematoma is in the 
quadriceps. A eharley horse is assoeiated with loealized pain 
and/or mnsele stiffness and eommonly follows direet tranma 
(e.g., a stiek slash in hoekey or a taekle in football). 



The psoas major mnsele arises in the abdomen from 
the intervertebral dises, the sides of the T12-L5 verte- 
brae, and their transverse proeesses (see Fig. B2.35). 
The medial arenate ligament of the diaphragm arehes obliquely 
over the proximal part of the psoas major. The transversalis 



faseia on the intemal abdominal wall is eontinnons with the psoas 
faseia, where it forms a faseial eovering for the psoas major that 
aeeompanies the mnsele into the anterior region of the thigh. 

There is a resnrgenee of tnberenlosis (TB) in Afriea, Asia, 
and elsewhere. A retroperitoneal pyogenie infeetion (pns- 
forming) in the abdomen or greater pelvis, eharaeteristieally 
oeenrring in assoeiation with TB of the vertebral eolnmn, or 
seeondary to regional enteritis of the ilenm {Crohn disease), 
may resnlt in the formation of a psoas ahseess. When the 
abseess passes between the psoas and its faseia to the ingninal 
and proximal thigh regions, severe pain may be referred to 
the hip, thigh, or knee joint. A psoas abseess shonld always 
be eonsidered when edema oeenrs in the proximal part of the 
thigh. Sneh an abseess may be palpated or observed in the 
ingninal region, jnst inferior or snperior to the ingninal liga- 
ment, and may be mistaken for an indireet ingninal hernia or a 
femoral hernia, an enlargement of the ingninal lymph nodes, 
or a saphenons varix. The lateral border of the psoas is eom- 
monly visible in radiographs of the abdomen; an obsenred 
psoas shadow may be an indieation of abdominal pathology. 


Paralysìs of Quadrìceps 

A person with paralyzed gnadrieeps mnseles eannot 
extend the leg against resistanee and nsnally presses 
on the distal end of the thigh dnring walking to pre- 
vent inadvertent fìexion of the knee joint. 

Weakness of the vastns medialis or vastns lateralis, resnlt- 
ing from arthritis or tranma to the knee joint, ean resnlt in 
abnormal patellar movement and loss of joint stability. 



Ghondromalaeia Patellae 


ehondromalaeia patellae (rnnner’s knee) is a eom- 
mon knee injnry for marathon rnnners. Sneh over- 
stressing of the knee region ean also oeenr in 
rnnning sports sneh as basketball. The soreness and aehing 
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around or deep to the patella results from quadriceps imhal- 
anee. Ghondromalaeia patellae may also resnlt from a blow to 
the patella or extreme flexion of the knee (e.g., dnring squat- 
ting when power lifting). 


Patellar Fractures 

A direet blow to the patella may fraetnre it into two 
or more fragments (Fig B5.12). Transverse patellar 
fraetures may resnlt from a blow to the knee or snd- 
den eontraetion of the quadriceps (e.g., when one slips and 
attempts to prevent a backward fall). The proximal fragment 
is pnlled snperiorly with the quadriceps tendon, and the dis- 
tal fragment remains with the patellar ligament. 
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FIGURE B5.12. 


Abnormal Ossifieation of Patella 

The patella is eartilaginons at birth. It ossifles dur- 
ing the 3rd-6th years, frequently from more than 
one ossifleation eenter. Althongh these eenters usu- 
ally eoalesee and form a single bone, they may remain sepa- 
rate on one or both sides, giving rise to a hipartite or tripartite 
patella (Fig. B5.13). An unwary observer might interpret this 
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FIGURE B5.13. 


eondition on a radiograph or CT as a patellar fraetnre. 
Ossifieation ahnormalities are nearly always bilateral; there- 
fore, diagnostie images shonld be examined from both sides. 
If the defeets are bilateral, the defeets are likely ossifleation 
abnormalities. 



Patellar Tendon Reílex 

Tapping the patellar ligament with a reflex hammer 
(Fig. B5.14) normally elieits the patellartendon refiex 
'Tnee jerk”). This myotatie (deep tendon) reflex is 
rontinely tested dnring a physieal examination by having the 
person sit with the legs dangling. A flrm strike on the ligament 
with a reflex hammer usually causes the leg to extend. If the 
reflex is normal, a hand on the person’s quadriceps should feel 
the muscle eontraet. This tendon reflex tests the integrity of 
the femoral nerve and the L2-L4 spinal eord segments. 

Tapping the ligament aetivates mnsele spindles in the quad- 
rieeps. Afferent impnlses from the spindles travel in the femoral 
nerve to the L2-L4 segments of the spinal eord. From here, 
efferent impnlses are transmitted via motor flbers in the femoral 
nerve to the quadriceps, resulting in a jerk-like eontraetion of 
the mnsele and extension of the leg at the knee joint. 

Diminntion or ahsenee of the patellar tendon refiex may 
resnlt from any lesion that interrnpts the innervation of the 
quadriceps (e.g., peripheral nerve disease). 



F1GURE B5.14. 



Transplantation of Graeilis 

Beeanse the graeilis is a relatively weak member of 
the addnetor group of muscles, it ean be removed 
without notieeable loss of its aetions on the leg. 
Snrgeons often transplant the graeilis, or part of it, with its 
nerve and blood vessels to replaee a damaged mnsele in the 
hand, for example. Onee the mnsele is transplanted, it soon 
prodnees good digital flexion and extension. 

Freed from its distal attaehment, the mnsele has also been 
reloeated and repositioned to ereate a replaeement for a non- 
hmetional external anal sphineter. 
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Groìn Pull 



Sports broadeasters refer to a “pulled groin” or “groin 
injury.” These terms mean that a strain, stretehing, 
and probably some tearing of the proximal attaeh- 
ments of the anteromedial thigh mnseles have occurred. The 
injnry nsnally involves the flexor and adductor thigh mnseles. 
The proximal attaehments of these mnseles are in the ingninal 
region (groin), the jnnetion of the thigh and trnnk. 

Groin pnlls usually occur in sports that require quick starts 
(e.g., sprinting and base stealing in baseball), or extreme 
stretehing (e.g., gymnasties). 




Injury to Adductor Longus 

Mnsele strains of the addnetor longns may occur in 
horsebaek riders and prodnee pain (rider’s strain). 
Ossifleation sometimes oeenrs in the tendons of 
these mnseles beeanse the horsebaek riders aetively addnet 
their thighs to keep from falling from their animals. The ossi- 
fled tendons are sometimes wrongly ealled “riders’ bones.” 

Palpatìon, Compressìon, and 
Cannulation of Femoral Artery 

The initial part of the femoral artery, proximal to the 
branehing of the profnnda femoris artery, is snperfl- 
eial in position, making it espeeially aeeessible and 
nsefnl for a nnmber of elinieal proeednres. Some vasenlar snr- 
geons refer to this part of the femoral artery as the eommon 
femoral artery and to its eontinnation distally as the snper- 
fieial femoral artery. This terminology is not reeommended 
by the Federative International Gommittee on Anatomieal 
Terminology beeanse it is a deep artery. The term is not nsed 
in this book beeanse it may eanse misnnderstanding. 

With the person lying in the snpine position, thefemoral 
pnlse may be palpated midway between the ASIS and the pnbie 
symphysis (Fig. B5.15A & B). By plaeing the tip of the little fln- 
ger (of the right hand when dealing with the right side) on the 
ASIS and the tip of the thnmb on the pnbie tnberele, the femo- 
ral pnlse ean be palpated with the midpalm jnst inferior to the 
midpoint of the ingninal ligament by pressing flrmly. Normally 
the pnlse is strong; however, if the eommon or external iliae 
arteries are partially oeelnded, the pnlse may be diminished. 

Gompression of the femoral artery may also be aeeom- 
plished at this site by pressing direetly posteriorly against 
the snperior pnbie ramns, psoas major, and femoral head 
(Fig. B5.15C). Gompression at this point will rednee blood 
flow throngh the femoral artery and its branehes, sneh as the 
profnnda femoris artery. 

The femoral artery may be eannnlated jnst inferior to 
the midpoint of the ingninal ligament. In left eardial {ear- 
diae) angiography, a long, slender eatheter is inserted into 
the artery and passed up the external iliae artery, eommon 
iliae artery, and aorta to the left ventriele of the heart. This 
same approaeh is nsed to visnalize the eoronary arteries in 
eoronary arteriography. 


I 


Anterior 
superior 
iliae spine 
(ASIS) 

Inguinal 
ligament 

Femoral 
artery 


Sartorius 



(A) Anterior view 


Pubic 

tubercle 



Beginning of 
adductor eanal 
(apex of femoral 
triangle) 

Adductor 

longus 



(B) Anterior view 



Femoral 

artery 


Pubic ramus 


(C) Medial view (right side) 
FIGURE B5.15. 


Blood may also be taken from the femoral artery for hlood 
gas analysis (the determination of oxygen and earbon dioxide 
eoneentrations and pressnres with the pH of the blood by 
laboratory tests). 

Laeeration of Femoral Artery 

The snperfleial position of the femoral artery in the 
femoral triangle makes it vnlnerable to tranmatie 
injnry (see Fig. 5.26B), espeeially laeeration. 
Gommonly, both the femoral artery and vein are laeerated in 
anterior thigh wounds beeanse they lie elose together. In 
some eases, an arteriovenons shnnt oeenrs as a resnlt of eom- 
mnnieation between the injnred vessels. 

When it is neeessary to ligate the femoral artery, anasto- 
mosis of branehes of the femoral artery with other arteries 
that eross the hip joint may snpply blood to the lower limb. 
The emeiate anastomosis is a four-way eommon meeting of 
the medial and lateral circumflex femoral arteries with the 
inferior glnteal artery snperiorly, and the flrst perforating 
artery inferiorly, posterior to the femnr (Fig. 5.29; Table 5.5), 
oeenrring less often than its frequent mention implies. 

Potentially Lethal Misnomer 

elinieal staff, some vasenlar laboratories, and even 
some text and referenee books nse the term “snper- 
fleial femoral vein” when referring to the femoral 













vein before it is joined by the aeeompanying veins of the pro- 
fnnda femoris artery (profnnda femoris veins). Some primary 
eare physieians may not have been tanght and/or may not 
realize that the so-ealled snperfieial femoral vein is aetnally a 
deep vein, and that aente thrombosis of this vessel is poten- 
tially life threatening. The adjeetive snperfieial shonld not be 
nsed beeanse it implies that this vein is a snperfieial vein. 
Most pnlmonary emholì originate in deep veins, not in snper- 
fieial veins. The risk of embolism ean be greatly redneed by 
antieoagnlant treatment. The nse of impreeise langnage here 
ereates the possibility that an aente thrombosis of this trnly 
deep vessel eonld be overlooked as an aente elinieal issne, 
and a life-threatening sitnation ereated. 


Saphenous Varix 

A loealized dilation of the terminal part of the great 
saphenons vein, cdí\eà disaphenons varix (L. dilated 
vein), may eanse edema in the femoral triangle. A 
saphenons varix may be eonfnsed with other groin swellings, 
sneh as a psoas abseess; however, a varix shonld be eonsid- 
ered when varieose veins are present in other parts of the 
lower limb. 



Loeation of Femoral Vein 



The femoral vein is not nsnally palpable bnt its posi- 
tion ean be loeated inferior to the ingninal ligament 
by feeling the pnlsations of the femoral artery, 
which is immediately lateral to the vein. In thin people, the 
femoral vein may be elose to the snrfaee and may be mis- 
taken for the great saphenons vein. It is important therefore 
to know that the femoral vein has no tribntaries at this level, 
except for the great saphenons vein that joins it approxi- 
mately 3 em inferior to the ingninal ligament. In varieose 
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vein operations, it is obvionsly important to identify the great 
saphenons vein eorreetly, and not tie off the femoral vein by 
mistake. 



Cannulation of Femoral Vein 

To seenre blood samples and take pressnre reeord- 
ings from the ehambers of the right side of the heart 
and/or from the pnlmonary artery and to perform 
right eardiae angiography, a long, slender eatheter is inserted 
into the femoral vein as it passes throngh the femoral trian- 
gle. Under finoroseopie eontrol, the eatheter is passed snpe- 
riorly throngh the external and eommon iliae veins into the 
inferior vena eava and right atrinm of the heart. Femoral 
venons pnnetnre may also be nsed for the administration of 
finids. 



Femoral Hernias 

The femoral ring is a weak area in the anterior 
abdominal wall that normally is of a size snffieient to 
admit the tip of the little finger (Fig. B5.16). The 
femoral ring is the nsnal originating site of Sifemoral hernia, 
a protrnsion of abdominal viseera (often a loop of small intes- 
tine) throngh the femoral ring into the femoral eanal. A fem- 
oral hernia appears as a mass, often tender, in the femoral 
triangle, inferolateral to the pnbie tnberele. 

The hernia is bonnded by the femoral vein laterally and 
the laennar ligament medially. The hernial sae eompresses 
the eontents of the femoral eanal (loose eonneetive tissne, 
fat, and lymphaties) and distends the wall of the eanal. 
Initially, the hernia is small beeanse it is eontained within 
the eanal, bnt it ean enlarge by passing inferiorly throngh 
the saphenons opening into the snbentaneons tissne of the 
thigh. 
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FIGURE B5.16. 
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Femoral hernias are more eommon in females beeanse 
of their wider pelves. Strangalation of afemoral hernia may 
oeenr beeanse of the sharp, rigid bonndaries of the femoral 
ring, partienlarly the eoneave margin of the laennar ligament. 
Strangnlation of a femoral hernia interferes with the blood 
snpply to the herniated intestine. This vasenlar impairment 
may resnlt in neerosis (death of the tissnes). 


Replaeed or Aeeessory 
Obturator Artery 



An enlarged pnbie braneh of the inferior epigastrie 
artery either takes the plaee of the obtnrator artery 
replaeed obturator artery), or joins it as an 
aeeessory obturator artery, in approximately 20% of peo- 
ple (Fig. B5.17). This artery rnns elose to or aeross the femo- 
ral ring to reaeh the obtnrator foramen and eonld be elosely 
related to the neek of a femoral hernia. Consequently, this 
artery eonld be involved in a strangalated femoral hernia. 
Snrgeons plaeing staples dnring endoseopie repair of both 


ingninal and femoral hernias mnst also be vigilant eoneerning 
the possible presenee of this eommon arterial variant. 
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FIGURE B5.17. 


The Bottom Lìne 


ANTERIOR AND MEDIAL GOMPARTMENTS OF THIGH 

Anterìor eompartnnent: This large anterior eompartment 
includes the flexors of the hip and extensors of the knee, with 
most muscles innervated by the femoral nerve. ♦ The quadri- 
eeps femoris accounts for most of the mass of this eompart- 
ment. It surrounds the femur on three sides and has a eommon 
tendon of attaehment to the tibia, which includes the patella 
as a sesamoid bone. ♦ Major muscles of this eompartment 
atrophy rapidly with disease or disuse, requiring physieal 
therapy to retain or restore function. 

Medìal eompartment: The muscles of this eompart- 
ment attaeh proximally to the antero-inferior bony pelvis and 
distally to the linea aspera of the femur. ♦ These muscles are 
adductors ofthe thigh, innervated primarily by the obtura- 
tor nerve. LJse of these muscles as prime movers is relatively 
limited. ♦ The primary neurovascular bundle of the thigh, like 
that of the arm, is plaeed on the medial side of the limb for 
proteetion. 


Neurovascular structures and relatìonshìps ìn antero- 
medìal thígh: In the upper third of the thigh, the neurovascu- 
lar bundle is most superficial as it enters deep to the inguinal 
ligament. This relatively superficial position is importantfor 
elinieal procedures. ♦ Although they are essentially adjaeent, 
the femoral nerve traverses the muscular lacunae of the subin- 
guinal spaee, whereas the femoral vessels traverse the vascular 
lacunae within the femoral sheath. ♦ The femoral vessels biseet 
the femoral triangle, where the primary vessels ofthe thigh, the 
profijnda femoris artery and vein, arise and terminate, respee- 
tively. ♦ The femoral nerve per se terminates within the femoral 
triangle. However, two of its branehes, a motor braneh (nerve 
to vastus medialis) and sensory braneh (saphenous nerve), are 
part of the neurovascular bundle that traverses the adductor 
eanal in the middle third ofthe thigh. ♦ The vascular structures 
then pass through the adductor hiatus, beeoming popliteal in 
name and loeation in the distal thigh/posterior knee region. 


GLUTEAL AND POSTERIOR 
THIGH REGIONS 


Gluteal Regìon: Buttocks 
and Hìp Region 

Although the demareation of the trunk and lower limb is 
abrupt anteriorly at the ingninal ligament, posteriorly the 
glnteal region is a large transitional zone between the trunk 


and limb. Physieally part of the trunk, hmetionally the glnteal 
region is definitely part of the lower limb. 

The gluteal region is the prominent area posterior to 
the pelvis and inferior to the level of the iliae erests (the 
bnttoeks) and extending laterally to the posterior mar- 
gin of the greater troehanter (Fig. 5.32). The hip region 
overlies the greater troehanter laterally, extending ante- 
riorly to the ASIS. Some definitions inelnde both but- 
toeks and hip region as part of the glnteal region, but the 
two parts are eommonly distingnished. The interglnteal 
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FIGIJRE 5.32. Gluteal regìon, eomprìsìng buttocks and hìp regìon. 


eleft (natal eleft) is the groove that separates the bnt- 
toeks from eaeh other. The gluteal maseles (glntens 
maximus, medins, and minimns and tensor faseiae latae) 
form the bnlk of the region. The glnteal fold demareates 
the inferior bonndary of the bnttoeks and the snperior 
bonndary of the thigh. 

GLUTEAL LIGAMENTS 

The parts of the bony pelvis—hip bones, saernm, and eoe- 
eyx—are bonnd together by dense ligaments (Fig. 5.33). 
The posterior saero-iliae ligament is eontinnons inferi- 
orly with the saerotnberons ligament. The sacrotuberous 


ligament extends aeross the seiatie noteh of the hip bone, 
eonverting the noteh into a foramen that is fnrther snbdi- 
vided by the saerospinons ligament and isehial spine, ere- 
ating the greater and lesser seiatie foramina. The greater 
seiatie foramen is the passagevvay for strnetnres entering 
or leaving the pelvis (e.g., seiatie nerve), vvhereas the lesser 
seiatie foramen is the passagevvay for strnetnres entering or 
leaving the perinenm (e.g., pndendal nerve). 

It is helpfnl to think of the greater seiatie foramen 
as the “door” throngh vvhieh all lovver limb arteries and 
nerves leave the pelvis and enter the glnteal region. The 
piriformis mnsele (Fig. 5.34D-G; Table 5.6) also enters 

the glnteal region throngh the greater seiatie foramen and 
fills most of it. 

Muscles of Glnteal Regìon 

The mnseles of the glnteal region (Fig. 5.35) share a eom- 
mon eompartment, bnt are organized into tvvo layers, snper- 
fieial and deep: 

• The snperfieial layer of mnseles of the glnteal region 
eonsists of the three large overlapping glntei (maxi- 
mns, medins, and minimns) and the tensor faseiae latae 
(Figs. 5.34A, C-E, & J and 5.35). These mnseles all have 
proximal attaehments to the posterolateral (external) snr- 
faee and margins of the ala of the ilinm, and are mainly 
extensors, abdnetors, and medial rotators of the thigh. 

• The deep layer of mnseles of the glnteal region eonsists of 
smaller mnseles (piriformis, obtnrator internns, snperior 
and inferior gemelli, and quadratus femoris) eovered by the 
inferior half of the glntens maximus (Figs. 5.34F-I and 5.35). 
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FIGIJRE 5.33. Ligaments of pelvie girdle. The sacrotuberous and sacrospinous ligaments eonvert the greater and lesser seiatie notehes into foramina. 
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FIGITRE 5.34. Muscles of gluteal region: abductors and lateral rotators. 


TABLE 5.6. MUSCLES OF GLUTEAL REGION: ABDUCTORS AND ROTATORS OF THIGH 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Gluteus maximus 

(Fig. 5.34A &C) 

Ilium posteriorto posterior 
gluteal line; dorsal surface of 
sacrum and coccyx; sacrotu- 
berous ligament 

Mostfibers end in iliotibial 
traet, vvhieh inserts into 
lateral eondyle of tibia; 
some fibers insert on 
gluteal tuberosity 

lnferiorgluteal nerve 

(L5,S1,S2) 

Extends thigh (espeeially 
from flexed position) and 
assists in its lateral rotation; 
steadies thigh and assists in 
rising from sitting position 

Gluteus medius 

(Fig. 5.34A,C,&E) 

External surface of ilium 
betvveen anterior and 
posterior gluteal lines 

Lateral surface of greater 
troehanter of femur 

Superior gluteal 
nerve (L5, Sl) 

Abduct and medially 
rotate thigh; keep pelvis 
level vvhen ipsilateral 
limb is vveight-bearing 
and advanee opposite 
(unsupported) side during 
its svving phase 

Gluteus minimus 

(Fig. 5.34A-D) 

External surface of ilium 
betvveen anteriorand inferior 
gluteal lines 

Anterior surface of greater 
troehanter of femur 

Tensorfaseiae 
latae (Fig. 5.34J) 

Anterior superior iliae spine; 
anterior part of iliae erest 

Iliotibial traet, vvhieh attaehes 
to lateral eondyle of tibia 

Piriformis 

(Fig. 5.34F &G) 

Anterior surface of sacrum; 
sacrotuberous ligament 

S uperior border of greater 
troehanter of femur 

Branehes of anterior 
rami of Sl, S2 

Laterally rotate extended 
thigh and abductflexed 
thigh; steady femoral 
head in acetabulum 

Obturator internus 

(Fig. 5.34H) 

Pelvie surface of obturator 
membrane and surrounding 
bones 

Medial surface of greatertro- 
ehanter (troehanterie fossa) 
of femur^ 

Nerve to obturator 
internus (L5, Sl) 

Superior and 
inferior gemelli 

(Fig. 5.34H) 

Superior: isehial spine 

Inferior: isehial tuberosity 

Medial surface of greatertro- 
ehanter (troehanterie fossa) 
of femur^ 

Superior gemellus: 
same nerve supply 
as obturator internus 
Inferior gemellus: 
same nerve supply 
as quadratus femoris 

Quadratus femoris 

(Fig. 5.341) 

Lateral border of isehial 
tuberosity 

Quadrate tubercle on inter- 
troehanterie crestoffemur 
and area inferior to it 

Nerve to quadratus 
femoris (L5, Sl) 

Laterally rotates thighs 
steadies femoral head in 
acetabulum 


^The spinal eord segmental innervation is indieated (e.g., "Sl, S2"means thatthe nerves sopplying the piriformis are derived from the firsttvvo saeral segments of 
the spinal eord). Nombers in boldfaee (51) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments, or to the motor nerve 
roots arising from them, resolts in paralysis of the moseles eoneerned. 

Hhe gemelli moseles blend vvith and share the tendon of the obtorator internos as itattaehes to the greatertroehanter ofthe femur, eolleetively forming the trieeps coxae. 

^There are six lateral rotators of the thigh: piriformis, obturator internus, superiorand inferior gemelli, quadratus femoris, and obturator externus. These muscles also 
stabilize the hip joint. 
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FIGIJRE 5.35. Muscles of gluteal region: superficial and deep disseetions. 


These museles all have distal attaehments on or adja- 
eent to the intertroehanterie erest of the femnr. 
These muscles are lateral rotators of the thigh, but they 
also stabilize the hip joint, working with the strong liga- 
ments of the hip joint to steady the femoral head in the 
acetabulum. 

The attaehments of the mnseles of the glnteal region are 
illnstrated in Fignre 5.34A-J, and their innervation and main 
aetions are deseribed in Table 5.6. 


GLUTEUS MAXIMUS 

The gluteus maximus is the most snperfieial glnteal mnsele 
(Figs. 5.34C and 5.35). It is the largest, heaviest, and most 
eoarsely fibered mnsele of the body. The gluteus maximus 
eovers all of the other gluteal muscles, except for the antero- 
snperior third of the gluteus medius. 

The isehial tnherosity ean be felt on deep palpation throngh 
the inferior part of the mnsele, just superior to the medial part 
of the gluteal fold (see Fig. 5.32). When the thigh is fiexed, the 
inferior border of the gluteus maximus moves superiorly, leav- 
ing the isehial tnberosity subcutaneous. You do not sit on your 
gluteus maximus; you sit on the fatty fibrons tissne and the 
isehial bursa that lie between the isehial tnberosity and skin. 

The gluteus maximus slopes inferolaterally at a 45° angle 
from the pelvis to the bnttoeks. The fibers of the snperior and 
larger part of the gluteus maximus and snperfieial fibers of 
its inferior part insert into the iliotihial traet and indireetly, 
via the lateral intermuscular septum, into the linea aspera of 
the femur (Fig. 5.36A & B). Some deep fibers of the inferior 
part of the mnsele (ronghly the deep anterior and inferior 
quarter) attaeh to the glnteal tnherosity of the femur. 

The inferior glnteal nerve and vessels enter the deep sur- 
faee of the gluteus maximus at its eenter. It is snpplied by 
both the inferior and snperior glnteal arteries. In the snperior 
part of its eonrse, the seiatie nerve passes deep to the gluteus 

maximus (Fig. 5.35). 
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FIGIJRE 5.36. Gluteus maximus and tensor faseiae latae. Shovvn are superficial (A) and deep (B) vievvs of the lateral musculofibrous complex formed 
by the tensor faseiae latae and gluteus maximus muscles and their shared aponeurotic tendon, the iliotibial traet. The iliotibial traet is continuous 
posteriorly and deeply vvith the dense lateral intermuscular septum. 
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The main aetions of the glntens maximus are extension 
and lateral rotation of the thigh. When the distal attaehment 
of the gluteus maximus is fixed, the muscle extends the trunk 
on the lower limb. Althongh it is the strongest extensor of the 
hip, it aets mostly when foree is neeessary (rapid movement 
or movement against resistanee). The gluteus maximus func- 
tions primarily between the fiexed and standing (straight) 
positions of the thigh, as when rising from the sitting position, 
straightening from the bending position, walking uphill and 
up stairs, and rnnning. It is used only briefiy during casual 
walking and usually not at all when standing motionless. 

Paralysis of the gluteus maximus does not serionsly affeet 
walking on level ground. Verify this by plaeing your hand on your 
buttocks when walking slowly. The gluteus maximus eontraets 
only briefiy during the earliest part of the stanee phase (from heel 
strike to when the foot is fiat on the ground, to resist fnrther fiex- 
ion as weight is assnmed by the partially fiexed limb) (Fig. 5.20A 
and Table 5.2). If you elimb stairs and put your hands on your 
buttocks, you wiU feel the gluteus maximus eontraet strongly. 

Beeanse the iliotibial traet erosses the knee and attaehes 
to the anterolateral tnberele of the tibia (Gerdy) (Figs. 5.34J 
and 5.36A & B), the gluteus maximus and tensor faseiae latae 
together are also able to assist in making the extended knee 
stable, but they are not usualfy ealled on to do so during 
normal standing. Beeanse the iliotibial traet attaehes to the 
femur via the lateral intermuscular septum, it does not have 
the freedom neeessary to prodnee motion at the knee. 

Testing the gluteus maximus is performed when the per- 
son is prone with the lower limb straight. The person tight- 
ens the bnttoeks and extends the hip joint as the examiner 
observes and palpates the gluteus maximus. 

Gluteal Bursae. Gluteal bursae (L., purses) separate the 
gluteus maximus from adjaeent structures (Fig. 5.37). Bursae 
are membranous saes lined by a synovial membrane eontain- 
ing a eapillary layer of slippery fiuid resembling egg white. 
Bursae are loeated in areas snbjeet to frietion (e.g., where the 
iliotibial traet erosses the greater troehanter). The pnrpose of 
bursae is to reduce frietion and permit free movement. Usu- 
ally three bursae are assoeiated with the gluteus maximus: 

1. The troehanterie bnrsa separates superior fibers of the 
gluteus maximus from the greater troehanter. This bursa 
is eommonfy the largest of the bursae formed in relation 
to bony prominenees and is present at birth. Other bursae 
appear to form as a result of postnatal movement. 

2. The isehial bnrsa separates the inferior part of the glu- 
teus maximus from the isehial tuberosity; it is often absent. 

3. The glnteofemoral bnrsa separates the iliotibial traet 
from the snperior part of the proximal attaehment of the 
vastus lateralis. 

See the blue boxes “Troehanterie Bnrsitis” and 'Tsehial 
Bnrsitis” on p. 581. 

GLUTEUS MEDIUS AND GLUTEUS MINIMUS 

The smaller glnteal mnseles, glntens medins and glu- 
teus minimus, are fan shaped, and their fibers eonverge in 
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FIGITRE 5.37. Gluteal muscles and bursae. Three bursae (troehanterie, 
gluteofemoral, and isehial) usually separate the gluteus maximus from 
underlying bony prominenees. The bursa ofthe obturator internus 
underlies the tendon ofthe obturator internus. 


the same manner toward essentially the same target (Figs. 

5.34G-E, 5.35, 5.37, and 5.38). They share the same aetions 
and nerve snpply (Table 5.6) and are snpplied by the same 
blood vessel, the snperior glnteal artery. The glntens mini- 
mns and most of the glntens medins lie deep to the glntens 
maximus on the external snrfaee of the ilinm. The glntens 
medins and minimns abdnet or stabilize the thigh and rotate 

it medialfy (Fig. 5.20F and 5.39; Table 5.2). 

Testing the gluteus medius and minimns is performed 
while the person is side-lying with the test limb nppermost 
and the lowermost limb fiexed at the hip and knee for stabil- 
ity. The person abdnets the thigh without fiexion or rotation 
against straight downward resistanee. The glntens medins 
ean be palpated inferior to the iliae erest, posterior to the 
tensor faseiae latae, which is also eontraeting dnring abdne- 
tion of the thigh. 

TENSOR FASeiAE LATAE 

The tensor faseiae latae is a fnsiform mnsele approximatefy 
15 em long that is enelosed between two layers of faseia lata 

(Figs. 5.34G & J, 5.36, and 5.37). Its attaehments, innerva- 
tion, and aetion are provided in Table 5.6. 

The tensor faseiae latae and the snperfieial and anterior 
part of the glntens maximus share a eommon distal attaeh- 
ment to the anterolateral tnherele of the tihia via the ilio- 
tihial traet, which aets as a long aponenrosis for the mnseles. 

(text eontinnes on p. 569) 
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FIGITRE 5.38. Disseetion of gluteal region 
and posterior thigh. A. Most of the gluteus 
maximus and medius are removed, and seg- 
ments of the hamstrings are excised, to reveal 
the neurovascular structures of the gluteal 
region and proximal posterior thigh. The 
seiatie nerve runs deep (anterior) to and is 
proteeted bythe overlying gluteus maximus 
initially and then the bieeps femoris. B. This 
disseetion sho\A/s some ofthe lateral rotators 
of the thigh. The eomponents of the trieeps 
coxae share a eommon attaehment into the 
troehanterie fossa adjaeent to that of the 
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FIGITRE 5.39. Aetion of abdnetors/medial rotators of thigh in walking. A and B. The role of the abductors (gluteus medius and minimus, tensor faseiae 
latae) is demonstrated. When the weight is on both feet (A), the pelvis is evenly supported and does not sag. When the weight is borne by one limb (B), the 
muscles on the supported side fix the pelvis so that it does not sag to the unsupported side. Keeping the pelvis level enables the non-weight-bearing limb to 
elear the ground as it is brought forward during the swing phase. C and D. The role of the rotators of the thigh is demonstrated in lateral (C) and superior 
(D) views. Note that most abductors—the tensor faseiae latae, gluteus minimus, and most (the anterior fibers) of the gluteus medius—lie anterior to the lever 
provided by the axis ofthe head, neek, and greater troehanter of the femur to rotate the thigh around the vertieal axis traversing the femoral head. The supe- 
rior view ofthe right hip joint (D) includes the superior pubic ramus, acetabulum, and iliae erest; the inferior part ofthe ilium has been removed to reveal the 
head and neek of the femur. The lines of pull of the rotators ofthe hip are indieated by arrows, demonstrating the antagonistie relationship resulting from 
their positions relative to the lever and the eenter of rotation (fulcrum). The medial rotators pull the greater troehanter anteriorly and the lateral rotators pull 
the troehanter posteriorly, resulting in rotation of the thigh around the vertieal axis. Note that all of these muscles also pull the head and neek ofthe femur 
medially into the acetabulum, strengthening the Joint. In walking (E), the same muscles that aet unilaterally during the stanee phase (planted limb) to keep 
the pelvis level via abduction ean simultaneously produce medial rotation at the hip joint, advaneing the opposite unsupported side ofthe pelvis (aug- 
menting advaneement of the free limb). The lateral rotators ofthe advaneing (free) limb aet during the swing phase to keep the foot parallel to the direetion 
(line) of advaneement. 
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However, unlike the gluteus maximus, the tensor faseiae 
latae is served by the snperior glnteal neurovascular bnndle. 
Despite its glnteal innervation and shared attaehment, this 
tensor is primarily a flexor of the thigh beeanse of its anterior 
loeation; however, it generally does not aet independently 
To prodnee flexion, the tensor faseiae latae aets in eoneert 
with the iliopsoas and reetns femoris. When the iliopsoas is 
paralyzed, the tensor faseiae latae nndergoes hypertrophy 
in an attempt to eompensate for the paralysis. It also works 
in eonjnnetion with other abdnetor/medial rotator muscles 
(glntens medins and minimns) (Fig. 5.39). It lies too far ante- 
riorly to be a strong abdnetor and thns probably eontribntes 
primarily as a synergist or flxator. 

The tensor faseiae latae tenses the faseia lata and iliotibial 
traet. Beeanse the iliotibial traet is attaehed to the femnr via 
the lateral intermuscular septnm, the tensor prodnees little 
if any movement of the leg (Fig. 5.36B). However, when 
the knee is fnlly extended, it eontribntes to (inereases) the 
extending foree, adding stability, and plays a role in snp- 
porting the femnr on the tibia when standing if lateral sway 
oeenrs. When the knee is flexed by other mnseles, the tensor 
faseiae latae ean synergistieally angment flexion and lateral 
rotation of the leg. 

The abdnetors/medial rotators of the hip joint play an 
essential role dnring loeomotion, advaneing and preventing 
the sagging of the nnsnpported side of the pelvis dnring walk- 
ing, as illnstrated and explained in Fignre 5.39. The snpport- 
ive and aetion-prodneing fnnetions of the abdnetors/medial 
rotators depend on normal: 

• Mnsenlar aetivity and innervation from the snperior gln- 
teal nerve. 

• Artienlation of the hip joint eomponents. 

• Strength and angnlation of the femoral neek. 

PIRIFORMIS 

The pear-shaped piriformis (L. pimm, a pear) is loeated 
partly on the posterior wall of the lesser pelvis, and partly 

posterior to the hip joint (Figs. 5.34F & G, 5.35, and 5.37; 
Table 5.6). The piriformis leaves the pelvis throngh the 
greater seiatie foramen, almost fllling it, to reaeh its attaeh- 
ment to the snperior border of the greater troehanter. 

Beeanse of its key position in the bnttoeks, the piriformis 
is the landmark of the glnteal region. The piriformis provides 
the key to nnderstanding relationships in the glnteal region 
beeanse it determines the names of the blood vessels and 
nerves (Fig. 5.38A): 

• The snperior glnteal vessels and nerve emerge snperior to it. 

• The inferior glnteal vessels and nerve emerge inferior to it. 

See the blne box 'Tnjnry to Seiatie Nerve,” p. 582. 

OBTURATORINTERNUS AND GEMELLI 

The obturator internus and the superior and infe- 
rior gemelli (L. geminns, small twin) form a trieipital 


(three-headed) mnsele, the trieeps coxae (trieeps of the 
hip), which oeenpies the gap between the piriformis and the 
quadratus femoris (Figs. 5.34H and 5.38A & B). The eom- 
mon tendon of these mnseles lies horizontally in the bnttoeks 
as it passes to the greater troehanter of the femnr. 

The attaehments, aetion, and innervation are deseribed 
in Table 5.6. The ohtnrator internns is loeated partly in the 
pelvis, where it eovers most of the lateral wall of the lesser 
pelvis (Fig. 5.38B). It leaves the pelvis throngh the lesser 
seiatie foramen, makes a right-angle tnrn (Figs. 5.38B and 
5.39D), beeomes tendinons, and reeeives the distal attaeh- 
ments of the gemelli before attaehing to the medial snrfaee 
of the greater troehanter (troehanterie fossa) of the femnr. 

The small gemelli are narrow, triangnlar extrapelvic rein- 
foreements of the obtnrator internns. Althongh the inferior 
gemellns reeeives separate innervation from the nerve to the 
quadratus femoris, it is more realistie to eonsider these three 
muscles as a nnit (i.e., the trieeps eoxae) beeanse they are 
ineapable of independent aetion. 

The bursa of the obturator internus allows free move- 
ment of the mnsele over the posterior border of the isehinm, 
where the border forms the lesser seiatie noteh and the 
troehlea over which the tendon glides as it tnrns (Fig. 5.37). 

QUADRATUS FEMORIS 

The quadratus femoris, a short, flat quadrangular mnsele, 
is loeated inferior to the obtnrator internns and gemelli / 

(Figs. 5.341, 5.35, 5.37, and 5.38A). Trne to its name, the 

quadratus femoris is a reetangnlar mnsele that is a strong 
lateral rotator of the thigh. I 

OBTURATOR EXTERNUS ^ 

Based on its loeation (posterior to the peetinens and the 
snperior ends of the addnetor mnseles), and its innervation 
{ohtnrator nerve), the obtnrator externus was deseribed ear- 
lier in this ehapter (p. 550) with the medial thigh mnseles 
(Fig. 5.23H; Table 5.4). However, it fnnetions as a lateral 
rotator of the thigh, and its distal attaehment is visible only 
dnring disseetion of the glnteal region (Fig. 5.38B) or hip 
joint. That is why it is mentioned again in this context. 

The belly of the obtnrator externus lies deep in the prox- 
imal thigh, with its tendon passing inferior to the neek of 
the femnr and deep to the quadratus femoris, on the way 
to its attaehment to the troehanterie fossa of the femnr 
(Figs. 5.38A and 5.39D). The obtnrator externus, with other 
short mnseles aronnd the hip joint, stabilizes the head of the 
femnr in the aeetabnlnm. It is most effeetive as a lateral rota- 
tor of the thigh when the hip joint is flexed. 

Posterior Thigh Region 

The posterior tbigb muscles and their attaehments are 
illnstrated in Fignre 5.40, and their attaehments, innervation, 
and aetions are deseribed in Table 5.7. 





570 


ehapter 5 Lovver Limb 


Semi- 


tendinosus 



Bieeps femoris 
long head 


*Semimembranosus 

(A) Posterior view 


Semimembranosus 


(B) Posterior view 



Adductor 
magnus 


Vastus V 
lateralis^ 


*Biceps 

femoris 



Semi- 

tendinosus 


Bieeps femoris 
short head 


Semimembranosus 


(C) Anterior view 


Tendon of bieeps femoris 


Pes 

anserinus 






Bieeps femoris 


Patellar ligament 


Sartorius 


Graeilis 


Semitendinosus 


Tibial 

eollateral 

ligament 


Fibular 


eollateral 

ligament 



Iliotibial traet 
(Gerdy tubercle) 


Patellar 

ligament 


(D) Mediai view of proximai tibia 


(E) Laterai view of proximai tibia 



isehial 

tuberosity 


Bieeps 

femoris: 

Short head 
Long head 


Semimembranosus 


Cut tendon of 
semitendinosis 



isehial — 
tuberosity 


Cut tendon of 
semitendinosus 

Gluteal tuberosity 
of femur 


Bieeps femoris 

Short head 
Long head 


Attaehment of 
semimembranosus 
to medial eondyle 
of tibia 

Refleeted 
attaehment 
of semi- 
membranosus 
forming oblique 
popliteal ligament 


Investing faseia of 
popliteus 



Attaehment of 
bieeps femoris to 
head of fibula 


(F) Posterior view 


Hamstring muscles (G) Posterior view 


(H) Laterai view 


FIGIJRE 5.40. Muscles of posterior thigh: extensors of hip and flexors of knee. 


TABLE 5.7. MUSCLES OF POSTERIOR THIGH: EXTENSORS OF HIP AND FLEXORS OF KNEE 


Muscle^ Proximal Attaehment 

Distai Attaehment 

Innervation*’ 

Main Aetion 

Semitendinosus 

isehial tuberosity 

Medial surface of superior part 
of tibia 

Tibial division of 
seiatie nerve part of 
tibia (L5, S1,S2) 

Extend thigh; flex leg 
and rotate it medially 
when knee is flexed; 
when thigh and leg are 
flexed, these muscles 
ean extend trunk 

Semimembranosus 

Posterior part of medial eondyle 
of tibia; refleeted attaehment 
forms oblique popliteal ligament 
(to lateral femoral eondyle) 

Bieeps femoris 

Long head: isehial tuberosity 
Shorthead: linea aspera and 
lateral supracondylar line of 
fennur 

Lateral side of head of fibula; 
tendon is splitatthis site byfibu- 
lar eollateral ligament of knee 

Long head: tibial 
division of seiatie 
nerve (L5, Sl, S2) 
Short head: eommon 
fibular division of 
seiatie nerve 
(L5,S1,S2) 

Flexes leg and rotates 
it laterally when knee 
is flexed; extends thigh 
(e.g., aeeelerating mass 
during firststep of gait). 


^Golleetively these three muscles are known as hamstrings. 

^The spinal eord segmental innervation is indieated (e.g., "L5, 51, 52"means thatthe nerves supplying the semitendinosus are derived from the fifth lumbar segment 
and firsttwo saeral segments of the spinal eord). Numbers in boldfaee (L5, 51) indieate the main segmental innervation. Damage to one or more of the listed spinal 
eord segments or to the motor nerve roots arising from them results in paralysis of the muscles eoneerned. 
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Three of the four muscles in the posterior aspeet 
of the thigh are hamstrìngs. The hamstring mnseles 
(Figs. 5.40A-D and 5.41B) are: (1) semitendinosns, (2) semi- 
memhranosns, and (3) hieeps femoris (long head). The ham- 
string mnseles (“hamstrings” for short) share eommon features: 

• Proximal attaehment to the isehial tnberosity deep to the 
glntens maximus (Fig. 5.40A , F-H). 

• Distal attaehment to the bones of the leg (Fig. 5.40B-E). 


• Thns they span and aet on two joints, prodneing extension 
at the hip joint and flexion at the knee joint. 

• Innervation by the tibial division of the seiatie nerve 

(Fig. 5.41A). 

The long head of the bieeps femoris meets all these 
eonditions, bnt the short head of the bieeps, the fonrth 
mnsele of the posterior eompartment, fails to meet any 
of them. 
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FIGIJRE 5.41. Muscles and faseìal eompartments of thigh. A. Segments ofthe hamstring muscles are excised to reveal the seiatie nerve. The level ofthe 
seetions shovvn in parts B and C is indieated. B. An anatomieal transverse seetion through the middle thigh, 10-15 em inferior to the inguinal ligament. The 
three eompartments ofthe thigh are demonstrated in different shades of eolor. Note that eaeh has its ovvn nerve supply and functional group(s) of muscles. 
e. Transverse MRI ofthe right thigh eorresponding to B. (Courtesy of Dr. W. Kucharczyk, Chair of Medieal Imaging, Faculty of Medieine, Llniversity of 
Toronto and Clinical Direetor of the Tri-Hospital Resonanee Centre, Toronto, Ontario, Canada.) 
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The hamstrings reeeived their name beeanse it is eom- 
mon to tie hams (pork thighs) up for curing and/or smoking 
using the long tendons of these mnseles (Fig. 5.40F). This 
also explains the expression “hamstringing the enemy” by 
slashing these tendons lateral and medial to the knees. 

The two aetions of the hamstrings eannot be performed 
maximally at the same time: full flexion of the knee requires 
so much shortening of the hamstrings that they eannot pro- 
vide the additional eontraetion that would be neeessary for 
simultaneous full extension of the thigh; similarly, full exten- 
sion of the hip shortens the hamstrings so they eannot fnrther 
eontraet to aet hilly on the knee. When the thighs and legs 
are flxed, the hamstrings ean help extend the trunk at the 
hip joint. 

The hamstrings are aetive in thigh extension under all sit- 
nations except full flexion of the knee, inelnding maintenanee 
of the relaxed standing postnre (standing at ease). A person 
with paralyzed hamstrings tends to fall fonvard beeanse the 
gluteus maximus muscles eannot maintain the neeessary 
muscle tone to stand straight. 

The hamstrings are the hip extensors involved in walk- 
ing on flat ground, when the gluteus maximus demon- 
strates minimal aetivity. However, rather than prodneing 
either hip extension or knee flexion per se during normal 
walking, the hamstrings demonstrate most aetivity when 
they are eeeentrieally eontraeting, resisting (deeelerat- 
ing) hip flexion and knee extension during terminal swing 
(between midswing and heel strike) (see Fig. 5.20G; 
Table 5.2). 

The length of the hamstrings varies, but this is usually a 
matter of eonditioning. In some people, they are not long 
enough to allow them to touch their toes when the knees 
are extended. Rontine streteh exercise ean lengthen these 
mnseles and tendons. 

To test the hamstrìngs, the person flexes their leg against 
resistanee. Normally, these mnseles—espeeially their ten- 
dons on eaeh side of the popliteal fossa—should be promi- 
nent as they bend the knee (see Fig. 5.48C). 

SEMITENDINOSUS 

The semitendinosus, as its name indieates, is half tendinons 
(Fig. 5.40F). It has a hisiform belly that is usually interrnpted 
by a tendinons interseetion and a long, eord-like tendon that 
begins approximately two thirds of the way down the thigh. 
Distally, the tendon attaehes to the medial snrfaee of the 
snperior part of the tibia as part of the pes anserinns for- 
mation in eonjnnetion with the tendinons insertions of the 
sartorins and graeilis (Fig. 5.40D). 

SEMIMEMBRANOSUS 

The semimembranosus is a broad muscle that is also aptly 
named beeanse of the flattened membranons form of its 
proximal attaehment to the isehial tnberosity (Fig. 5.40G; 
Table 5.7). The tendon of the semimembranosns forms 
around the middle of the thigh and deseends to the posterior 
part of the medial eondyle of the tibia. 


The semimembranons tendon divides distally into three 
parts: (1) a direet attaehment to the posterior aspeet of the 
medial tibial eondyle, (2) a part that blends with the popliteal 
faseia, and (3) a refleeted part that reinforees the intereon- 
dylar part of the joint eapsnle of the knee as the oblique 
popliteal ligament (Fig. 5.40G; see also Fig. 5.58B). 

When the knee is flexed to 90°, the tendons of the medial 
hamstrings or “semi-” mnseles (semitendinosns and semi- 
membranosns) pass to the medial side of the tibia. In this 
position, eontraetion of the medial hamstrings (and of syner- 
gists inelnding the graeilis, sartorins, and poplitens) prodnees 
a limited amount (about 10°) of medial rotation of the tibia 
at the knee. The two medial hamstrings are not as aetive as 
the lateral hamstring, the bieeps femoris, which is the “work- 
horse” of extension at the hip (Hamill and Knntzen, 2008). 

BIGEPS FEMORIS 

The hisiform bieeps femoris, as its name indieates, has two 
heads: a long head and a short head (Fig. 5.40F-H). In the 
inferior part of the thigh, the long head beeomes tendinons 
and is joined by the short head. The ronnded eommon ten- 
don of these heads attaehes to the head of the flbula and ean 
easily be seen and felt as it passes the knee, espeeially when 
the knee is flexed against resistanee. 

The long head of the bieeps femoris erosses and 
provides proteetion for the seiatie nerve after it deseends 
from the glnteal region into the posterior aspeet of the thigh 

(Figs. 5.38A and 5.41A-C). When the seiatie nerve divides 
into its terminal branehes, the lateral braneh (eommon 
flbnlar nerve) eontinnes this relationship, rnnning with the 
bieeps tendon. 

The short head of the bieeps femoris arises from the 
lateral lip of the inferior third of the linea aspera and supra- 
eondylar ridge of the femur (Fig. 5.40B & H). Whereas the 
hamstrings have a eommon nerve supply from the tibial divi- 
sion of the seiatie nerve, the short head of the hieeps is inner- 
vated hy thefihnlar division (Table 5.7). Beeanse eaeh of the 
two heads of the bieeps femoris has a different nerve supply, 
a wound in the posterior thigh with nerve injury may paralyze 
one head and not the other. 

When the knee is flexed to 90°, the tendons of the lateral 
hamstring (bieeps), as well as the iliotibial traet, pass to the 
lateral side of the tibia. In this position, eontraetion of the 
bieeps and tensor faseiae latae prodnees about 40° lateral 
rotation of the tibia at the knee. Rotation of the flexed knee 
is espeeially important in snow skiing. 

Neurovascular Structures of Gluteal 
and Posterìor Thigh Regions 

Several important nerves arise from the saeral plexus and 
either supply the gluteal region (e.g., snperior and inferior glu- 
teal nerves) or pass throngh it to supply the perineum and thigh 
(e.g., the pndendal and seiatie nerves, respeetively). Figure 5.42 
depiets the nerves of the glnteal region and posterior thigh, and 
Table 5.8 deseribes their origin, course, and distribntion. 
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FIGIJRE 5.42. Nerves of the gluteal and posterior thigh regions. 


TABLE 5.8. NERVES OF GLUTEAL AND POSTERIOR THIGH REGIONS 


Nerve 

Origin 

Course Distribution 

Clunial 

Superior 

Middle 

Inferior 

As lateral cutaneous 
branehes of posterior 
rami of L1-L3 spinal 
nerves 

Pass inferolaterally aeross iliae erest 

5upply skin of superior buttocks as far as 
tubercle of iliae erest 

As lateral cutaneous 
branehes of posterior 
rami of 51-53 spinal 
nerves 

Exitthrough posterior saeral foramina and 
pass laterally to gluteal region 

5upply skin over sacrum and adjaeent area 
of buttocks 

Posterior cutaneous 
nerve of thigh (anterior 
rami of 52-53 spinal 
nerves) 

E merges from infehor border of gluteus 
maximus and aseends superficial to it 

5upplies skin of inferior half of buttocks as 
faras greatertroehanter 
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TABLE 5.8. NERVES OF GLUTEAL AND POSTERIOR THIGH REGIONS (Contìnued) 


Nerve 

Origin 

Course 

Distribution 

Seiatie 

Saeral plexus (anterior 
and posterior divisions 
of anterior rami of L4-S3 
spinal nerves) 

Enters gluteal region via greater seiatie 
foramen inferiorto piriformis and deep to 
gluteus maximus; deseends in posterior 
thigh deep to bieeps femoris; bifurcates into 
tibial and eommon fibular nerves at apex of 
popliteal fossa 

Supplies no muscles in gluteal region; sup- 
plies all muscles of posterior eompartment 
of thigh (tibial division supplies all butshort 
head of bieeps, vvhieh is supplied by eom- 
mon fibular division) 

Posterior 
cutaneous nerve 
of thigh 

Saeral plexus (anterior 
and posterior divisions of 
anterior rami of S1-S3 
spinal nerves) 

Enters gluteal region via greater seiatie 
foramen inferiorto piriformis and deep to 
gluteus maximus, emerging from inferior 
borderof latter; deseends in posterior thigh 
deep to faseia lata 

Supplies skin of inferior half of buttocks 
(through inferior clunial nerves), skin over 
posterior thigh and popliteal fossa, and skin 
of lateral perineum and upper medial thigh 
(via its perineal braneh) 

Superior gluteal 

Saeral plexus (posterior 
divisions of anterior rami 
of L4-S1 spinal nerves) 

Enters gluteal region via greater seiatie fora- 
men superiorto piriformis; courses 
laterally betvveen gluteus medius and 
minimus as faras tensorfaseiae latae 

Innervates gluteus medius, gluteus mini- 
mus, and tensor faseiae latae muscles 

Inferior gluteal 

Saeral plexus (posterior 
divisions of anterior rami 
of L5-S2 spinal nerves) 

Enters gluteal region via greater seiatie fora- 
men inferiorto piriformis and deep to inferior 
partof gluteus maximus, dividing into sev- 
eral branehes 

Supplies gluteus maximus 

Nerve to quadra- 
tus femoris 

Saeral plexus (anterior 
divisions of anterior rami 
of L4-S1 spinal nerves) 

Enters gluteal region via greater seiatie fora- 
men inferiorto piriformis, deep (anterior) to 
seiatie nerve 

Innervates hip joint, inferior gemellus, and 
quadratus femoris 

Pudendal 

Saeral plexus (anterior 
divisions of anterior rami 
of S2-S4 spinal nerves) 

Exits pelvis via greater seiatie foramen 
inferiorto piriformis; deseends posteriorto 
sacrospinous ligament; enters perineum 
through lesser seiatie foramen 

Supplies no structures in gluteal region or 
posteriorthigh (prineipal nerve to perineum) 

Nerve to obtura- 
tor internus 

Saeral plexus (posterior 
divisions of anterior rami 
of L5-S2 spinal nerves) 

Exits pelvis via greater seiatie foramen 
inferiorto piriformis; deseends posteriorto 
sacrospinous ligament; enters perineum 
through lesser seiatie foramen 

Supplies superior gemellus and obturator 
internus 


CLUNIAL NERVES 

The skin of the glnteal region is riehly innervated by supe- 
rior, middle, and inferior elnnial nerves (L. elnnes, bnt- 
toeks). These snperfieial nerves snpply the skin over the iliae 
erest, between the posterior snperior iliae spines, and over 
the iliae tnbereles. Consequently, these nerves are vnlner- 
able to injnry when bone is taken from the ilinm for grafting. 

DEEP GLHTEAL NERVES 

The deep glnteal nerves are the snperior and inferior glnteal 
nerves, seiatie nerve, nerve to quadratus femoris, posterior 
entaneons nerve of the thigh, nerve to obtnrator internns, 
and pndendal nerve (Figs. 5.38A and 5.42; Table 5.8). All 
of these nerves are branehes of the saeral plexus and leave 
the pelvis throngh the greater seiatie foramen. Except for 
the snperior glnteal nerve, they all emerge inferior to the 
piriformis. 

Superìor Gluteal Nerve. The saperior gluteal nerve 

rnns laterally between the glntens medins and minimns with 
the deep braneh of the snperior glnteal artery. It divides into 
a snperior braneh that snpplies the glntens medins and an 


inferior braneh that eontinnes to pass between the glntens 
medins and the glntens minimns to snpply both mnseles and 
the tensor faseiae latae. 

See the blne box 'Tnjnry to Snperior Glnteal Nerve” on 

p. 581. 

Inferìor Gluteal Nerve. The inferior glnteal nerve 

leaves the pelvis throngh the greater seiatie foramen, inferior 
to the piriformis and snperfieial to the seiatie nerve, aeeom- 
panied by mnltiple branehes of the inferior glnteal artery 
and vein. The inferior glnteal nerve also divides into several 
branehes, which provide motor innervation to the overlying 
glntens maximus. 

Seíatíe Nerve. The seiatie nerve is the largest nerve in 
the body and is the eontinnation of the main part of the saeral 
plexus. The branehes (rami) eonverge at the inferior border 
of the piriformis to form the seiatie nerve, a thiek, fiattened 
band approximately 2 em wide. The seiatie nerve is the most 
lateral strnetnre emerging throngh the greater seiatie fora- 
men inferior to the piriformis. 

Medial to the seiatie nerve are the inferior glnteal nerve 
and vessels, the internal pndendal vessels, and the pndendal 
nerve. The seiatie nerve rnns inferolaterally nnder eover of 
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the gluteus maximus, midway between the greater troehan- 
ter and isehial tnberosity. The nerve rests on the isehinm and 
then passes posterior to the obtnrator internns, quadratus 
femoris, and addnetor magnns mnseles. The seiatie nerve is 
so large that it reeeives a named braneh of the inferior glnteal 
artery, the artery to the seiatie nerve. 

The seiatie nerve snpplies no struetures in the glnteal 
region. It snpplies the posterior thigh mnseles, all leg and 
foot mnseles, and the skin of most of the leg and foot. It also 
snpplies the artienlar branehes to all joints of the lower limb. 
The seiatie nerve is really two nerves, the tihial nerve, derived 
from anterior (preaxial) divisions of the anterior rami, and the 
eommon jìhnlar nerve, derived from posterior (postaxial) divi- 
sions of the anterior rami, whieh are loosely bound together 
in the same eonneetive tissne sheath (Figs. 5.42 and 5.43A). 

The tibial and eommon fìbnlar nerves usually separate in 
the distal thigh (Fig. 5.42B); however, in approximately 12% 
of people, the nerves separate as they leave the pelvis (Fig. 
5.43A). In these eases, the tibial nerve passes inferior to the 
piriformis, and the eommon fìbnlar nerve pierees this mnsele 
or passes snperior to it (Fig. 5.43B & C). 

Nerve to Quadratus Femorís. The nerve to the qua- 
dratus femoris leaves the pelvis anterior to the seiatie nerve 
and obtnrator internns, and passes over the posterior snrfaee 



(C) 


Posterior views 

FIGIJRE 5.43. Relatìonshìp of seìatìe nerve to piriformis. A. The seiatie 
nerve usually emerges from the greater seiatie foramen inferior to the 
piriformis. B. In 1 2.2% of 640 limbs studied by Dr. J. C. B. Grant, the 
seiatie nerve divided before exiting the greater seiatie foramen; the eommon 
fibular division (yellow) passed through the piriformis. C. In 0.5% of eases, 
the eommon fibular division passed superior to the muscle, vvhere it is 
espeeially vulnerable to injury during intragluteal injeetions. 


of the hip joint (Fig. 5.42). It snpplies an artienlar braneh to 
this joint and innervates the inferior gemellns and quadratus 
femoris muscles. 

Posteríor Cutaneous Nerve of Thigh. The posterior 

cutaneous nerve of the thigh supplies more skin than any 
other cutaneous nerve (Fig. 5.42). Its fìbers from the anterior 
divisions of S2 and S3 snpply the skin of the perinenm via its 
perineal hraneh. Some of the fìbers from the posterior divisions 
of the anterior rami of S1 and S2 snpply the skin of the inferior 
part of the bnttoeks (via the inferior elnnial nerves ). Other fìbers 
eontinne inferiorly in branehes that snpply the skin of the poste- 
riorthighandproximalpartoftheleg. IJnlike mostnervesbear- 
ing the name entaneons, the main part of this nerve lies deep 
to the deep faseia (faseia lata), with only its terminal branehes 
penetrating the subcutaneous tissue for distribution to the skin. 

Pudendal Nerve. The pndendal nerve is the most medial 
structure to exit the pelvis through the greater seiatie foramen. 
It deseends inferior to the piriformis, posterolateral to the 
saerospinons ligament, and enters the perinenm throngh 
the lesser seiatie foramen to snpply structures in this region. 
The pndendal nerve snpplies no stmetnres in the glnteal region 
or posterior thigh, and is disenssed in detail in Ghapter 3. 

Nerve to Obturator lnternus. The nerve to the 
obturator internus arises from the anterior divisions of the 
anterior rami of the L5-S2 nerves and parallels the eonrse of 
the pndendal nerve (Fig. 5.42A). As it passes aronnd the base 
of the isehial spine, the nerve snpplies the snperior gemellns. 
After entering the perinenm via the lesser seiatie foramen, 
the nerve snpplies the obtnrator internns mnsele. 

ARTERIES OF GLUTEAL AND 
POSTERIOR THIGH REGIONS 

The arteries of the gluteal region arise, direetly or indireetly, 
from the intemal iliae arteries, but the pattems of origin of the 
arteries are variable (Figs. 5.38A and 5.44; Table 5.9). The major 
branehes of the intemal iliae artery that snpply or traverse the glu- 
teal region are the (1) snperior glnteal artery, (2) inferior glnteal 
artery, and (3) intemal pndendal artery. The posterior eompart- 
ment of the thigh has no major artery exclusive to the eompart- 
ment; it reeeives blood from mnltiple sonrees: inferior glnteal, 
medial circumfìex femoral, perforating, and popliteal arteries. 

Snperior Gluteal Artery. The snperior glnteal artery 
is the largest braneh of the internal iliae artery and passes 
posteriorly between the inmbosaeral tmnk and the S1 nerve. 
This artery leaves the pelvis throngh the greater seiatie fora- 
men, snperior to the piriformis, and divides immediately into 
snperfìeial and deep branehes. The snperfieial hraneh sup- 
plies the gluteus maximus and skin over the proximal attaeh- 
ment of this mnsele. The deep hraneh snpplies the gluteus 
medius, gluteus minimus, and tensor faseiae latae. The supe- 
rior gluteal artery anastomoses with the inferior glnteal and 
medial circumfìex femoral arteries. 

Inferíor Gluteal Artery. The inferior gluteal artery 
arises from the internal iliae artery and passes posteriorly 
throngh the parietal pelvie faseia, between the S1 and the 
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FIGIJRE 5.44. Arteries of the gluteal and posterior thigh regions. 


TABLE 5.9. ARTERIES OF GLUTEAL AND POSTERIOR THIGH REGIONS 


Artery® 

Course 

Distributìon 

Superior gluteal 

Enters gluteal region through greater seiatie foramen superiorto piriformis; 
divides into superficial and deep branehes; anastomoses with inferior gluteal 
and medial circumflex femoral arteries (notshown in Fig. 5.44) 

Superficial braneh: supplies gluteus 
maximus 

Deep braneh: runs between gluteus 
medius and minimus and supplies 
them and tensorfaseiae latae 

Inferior gluteal 

Enters gluteal region through greater seiatie foramen inferiorto piriformis; 
deseends on medial side of seiatie nerve; anastomoses with superior gluteal 
artery and partieipates in cruciate anastomosis ofthigh, involving firstper- 
forating artery of profunda femoris and medial and lateral circumflex arteries 
(not shown in Fig. 5.44) 

Supplies gluteus maximus, obtura- 
torinternus, quadratus femoris, and 
superior parts of hamstrings 

Internal pudendal 

Enters gluteal region through greater seiatie foramen; deseends posteriorto 
isehial spine; enters perineum through lesser seiatie foramen 

Supplies external genitalia and 
muscles in perineal region; does not 
supply gluteal region 

Perforating 

Enters posterior eompartment by perforating aponeurotic portion of adductor 
magnus attaehmentand medial intermuscular septum; after providing mus- 
cular branehes to hamstrings, continues to anterior eompartment by piereing 
lateral intermuscular septum 

Supplies majority (eentral portions) 
of hamstring muscles, then eon- 
tinues to supply vastus lateralis in 
anterior eompartment 


aAII of these arteries arise from the internal iliae artery (see Fig. 5.29 for an anterior view). 


S2 (or S2 and S3) nerves. The inferior glnteal artery leaves 
the pelvis throngh the greater seiatie foramen, inferior to the 
piriformis. It enters the glnteal region deep to the glntens 
maximus and deseends medial to the seiatie nerve. 

The inferior glnteal artery snpplies the glntens maximus, 
obtnrator intemns, quadratus femoris, and snperior parts of the 
hamstrings. It anastomoses with the snperior glnteal artery and 
frequently, bnt not always, partieipates in the eraeìate anasto- 
mosis of the thigh, involving the first perforating arteries of the 
profnnda femoris artery and the medial and lateral cireumflex 


femoral arteries (Table 5.5). These vessels all partieipate in snp- 
plying the stmetnres of the proximal posterior thigh. 

Before birth, the inferior glnteal artery is the major artery 
of the posterior eompartment, traversing its length and 
beeoming eontinnons with the popliteal artery. This part of 
the artery diminishes, however, persisting postnatally as the 
artery to the seiatie nerve. 

Internal Pndendal Artery. The internal pndendal 

artery arises from the internal iliae artery and lies anterior 
to the inferior glnteal artery. Its eonrse parallels that of the 
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pudendal nerve, entering the glnteal region throngh the 
greater seiatie foramen inferior to the piriformis. The inter- 
nal pndendal artery leaves the glnteal region immediately by 
erossing the isehial spine/saerospinons ligament and enters 
the perinenm throngh the lesser seiatie foramen. Like the 
pndendal nerve, it snpplies the skin, external genitalia, and 
mnseles in the perineal region. It does not snpply any strne- 
tnres in the glnteal region or posterior thigh. 

Perforatìng Arteríes. There are nsnally fonr perforat- 
ing arteries of the profnnda femoris artery, three arising in 
the anterior eompartment and the fonrth being the terminal 
braneh of the profnnda femoris artery itself (Fig. 5.44; 
Table 5.9). The perforating arteries are large vessels, nnnsnal 
in the limbs for their transverse, intereompartmental eonrse. 

Snrgeons operating in the posterior eompartment are 
earefnl to identify them to avoid inadvertent injnry. They 
perforate the aponenrotie portion of the distal attaehment 
of the addnetor magnns to enter the posterior eompartment. 
Within the posterior eompartment, they typieally give rise 
to mnsenlar branehes to the hamstrings and anastomotie 
branehes that aseend or deseend to nnite with those arising 
snperiorly or inferiorly from the other perforating arteries or 
the inferior glnteal and popliteal artery. 

A eontinnons anastomotie arterial ehain thns extends from 
the glnteal to popliteal regions, which gives rise to additional 
branehes to mnseles and to the seiatie nerve. After giving off 
their posterior eompartment branehes, the perforating arteries 
pieree the lateral intermnsenlar septnm to enter the anterior 
eompartment, where they snpply the vastns lateralis mnsele. 

VEINS OF GLUTEAL AND POSTERIOR 
THIGH REGIONS 

The gluteal veins are tribntaries of the internal iliae veins 
that drain blood from the glnteal region. The snperior and 
inferior glnteal veins aeeompany the eorresponding arter- 
ies throngh the greater seiatie foramen, snperior and inferior 
to the piriformis, respeetively (Fig. 5.45A). They eommnni- 
eate with tribntaries of the femoral vein, thereby providing 
alternative rontes for the retnrn of blood from the lower limb 
(e.g., if the femoral vein is oeelnded or has to be ligated). 

The internal pndendal veins aeeompany the internal 
pndendal arteries and join to form a single vein that enters 
the internal iliae vein. These veins drain blood from the 
external genitalia or pndendnm (L. pndere, to be ashamed). 
Perforating veins aeeompany the arteries of the same name 
to drain blood from the posterior eompartment of the thigh 
into the profnnda femoris vein. The perforating veins, like 
the arteries, nsnally eommnnieate inferiorly with the popli- 
teal vein and snperiorly with the inferior glnteal vein. 

LYMPHATie DRAINAGE OF GLUTEAL 
AND THIGH REGIONS 

Lymph from the deep tissnes of the bnttoeks follows the 
glnteal vessels to the superior and inferior gluteal lymph 

nodes, and from them to the internal, external, and eommon 
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FIGURE 5.45. Lymphatie drainage of gluteal and thigh regions. 

A. Lymph from the deep tissues of the gluteal region enters the pelvis 
along the gluteal veins, draining to the superior and inferior gluteal lymph 
nodes; from them, it passes to the iliae and lateral lumbar (eaval/aortie) 
lymph nodes. B. Lymph from superficial tissues of the gluteal region passes 
initially to the superficial inguinal nodes, vvhieh also reeeive lymph from 
the thigh. Lymph from all the superficial inguinal nodes passes via efferent 
lymph vessels to the external and eommon iliae, and right and left lumbar 
(eaval/aortie) lymph nodes, draining via lumbar lymphatie trunks to the 
eisterna ehyli and thoraeie duct. 


iliae lymph nodes (Fig. 5.45A) and from them to the lateral 
Inmhar (aortieleaval) lymph nodes. 

Lymph from the snperfieial tissnes of the glnteal region 
enters the snperfieial ingninal lymph nodes, which also 
reeeive lymph from the thigh (Fig. 5.45A & B). All the snper- 
fieial ingninal nodes send efferent lymphatie vessels to the 
external iliae lymph nodes. 
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In terms of the vasenlar snpply to the lower limb as a 
whole, the majority of the arterial blood eoming to the limb 
and most of the venons blood and lymph exiting from it pass 
along the more proteeted anteromedial aspeet of the limb. 

Flexor mnseles are generally better proteeted than are 
extensor mnseles, the latter being exposed and therefore 
vnlnerable in the flexed, defensive (fetal) position (vertebral 
eolnmn and limbs flexed). 

Surface Anatomy of Gluteal 
and Posterìor Thigh Regions 

The skin of the glnteal region is nsnally thiek and eoarse, 
espeeially in men, whereas the skin of the thigh is relatively 


thin and loosely attaehed to the nnderlying snbentaneons 
tissne. A line joining the highest points of the iliae erests 
(Fig. 5.46A) erosses the L4-L5 intervertebral (IV) dise and 

is a nsefnl landmark when a Inmhar spinal pnnetnre is per- 
formed (see Ghapter 4), indieating the middle of the Inmhar 
eistern. 

The interglnteal eleft, beginning inferior to the apex of the 
saernm, is the deep groove between the bnttoeks. It extends 
as far snperiorly as the S3 or S4 segment. The eoeeyx is pal- 
pable in the snperior part of the interglnteal eleft. 

The posterior snperior iliae spines (PSIS) are loeated at the 
posterior extremities of the iliae erests, and may be diffienlt to 
palpate; however, their position ean always be loeated at the 
bottom of the permanent skin dimples approximately 3.75 
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FIGITRE 5.46. Surface anatomy of the gluteal region. 
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em from midline (Fig. 5.46B). A line joining these dimples, 
often more visible in women than in men, passes throngh the 
S2 spinons proeess, indieating the level of the lowest limit 
of the dural sae, the middle of the saero-iliae joints, and the 
bifnreation of the eommon iliae arteries (see Fig. 4.39). 

The loeation of only two of the glnteal mnseles ean be 
observed. The gluteus maximus eovering most strnetnres in 
the glnteal region ean be felt to eontraet when straighten- 
ing up from bending over. The inferior edge of this large 
mnsele is loeated jnst snperior to the glutealfold, which eon- 
tains a variable amonnt of snbentaneons fat (Fig. 5.46A & C). 
The glnteal fold disappears when the hip joint is flexed. The 
degree of prominenee of the glnteal fold ehanges in eertain 
abnormal eonditions, sneh as atrophy of the gluteus maxi- 
mus. An imaginary line drawn from the coccyx to the isehial 
tnberosity indieates the inferior edge of the glntens maximus 
(Fig. 5.46B). Another line drawn from the PSIS to a point 
slightly snperior to the greater troehanter indieates the snpe- 
rior edge of this mnsele. 

The gluteal sulcus, the skin erease inferior to the gln- 
teal fold, delineates the bnttoeks from the posterior aspeet 
of the thigh (Fig. 5.46A & B). When the thigh is extended 
as in the flgnres, the isehial tuherosity is eovered by the 
inferior part of the glntens maximus; however, the tnber- 
osity is easy to palpate when the thigh is flexed beeanse 


the glntens maximus slips snperiorly off the tnberosity, 
which is then snbentaneons. Feel the isehial tnberosity as 
yon bend to sit. 

The snperior part of the gluteus medius ean be palpated 
between the snperior part of the glntens maximus and the 

iliae erest (Figs. 5.46B and 5.47A & B). The glntens medins 
of one bnttoeks ean be felt when all the body weight shifts 
onto the ipsilateral limb (the one on the same side). 

The greater troehanter, the most lateral bony point in 
the glnteal region, may be felt on the lateral aspeet of the 
hip, espeeially its inferior part (Fig. 5.46A-C). It is easier to 
palpate when yon passively abdnet yonr lower limb to relax 
the glntens medins and minimns. The top of the greater tro- 
ehanter lies approximately a hand’s breadth inferior to the 

tuherele of the iliae erest (Fig. 5.47). 

The prominenee of the troehanter inereases when a dis- 
loeated hip eanses atrophy of the glnteal mnseles and dis- 
plaeement of the troehanter. A line drawn from the ASIS to 
the isehial tnberosity {Nélaton line), passing over the lateral 
aspeet of the hip region, normally passes over or near the top 
of the greater troehanter (Fig. 5.46D). The troehanter ean 
be felt snperior to this line in a person with a disloeated hip 
or a fraetnred femoral neek. The lesser troehanter is palpable 
with difflenlty from the posterior aspeet when the thigh is 
extended and rotated medially. 
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FIGIJRE 5.47. Surface anatomy of the hip region and lateral thigh. 
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The surface marking of the superior border of the 
piriformis is indieated by a line joining the skin dim- 
ple formed by the posterior snperior iliae spine to the 
snperior border of the greater troehanter of the femur 

(Fig. 5.48A). 

The seiatie nerve, the most important structure infe- 
rior to the piriformis, is represented by a line that extends 


from a point midway between the greater troehanter and 
isehial tnberosity (Fig. 5.48A) down the middle of the pos- 
terior aspeet of the thigh (Fig. 5.48B). The level of the 
bifnreation of the seiatie nerve into the tibial and eom- 
mon fibnlar nerves varies. The separation usually occurs 
between the middle and inferior third of the thigh. Less 
eommonly, the division of the seiatie nerve occurs as it 
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FIGIJRE 5.48. Surface anatomy of the gluteal region and pos- 
teriorthigh. A. Surface projeetion of piriformis and seiatie nerve. 

B. The hip and knee joints are extended with muscles aetively 
tensed following exercise, to provide muscle definition. C. VVeight 
is being borne by the right limb while the hip, knee, and metatarso- 
phalangeal joints are in afìexed position. 
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passes through the greater seiatie foramen. The seiatie 
nerve stretehes when the thigh is flexed and the knee is 
extended, and it relaxes when the thigh is extended and 
the knee is flexed. 

The tihial nerve biseets the popliteal fossa. The eommon 
jìhnlar nerve follows the tendon of the bieeps femoris. 

The hamstrings ean be felt as a group as they arise from 
the isehial tuberosity and extend along the lateral and poste- 
rior aspeets of the thigh (Fig. 5.48B & C). The iliotihial traet, 
the fibrons band that reinforees the faseia lata laterally, ean 
be observed on the lateral aspeet of the thigh as it passes to 
the lateral tihial eondyle (Fig. 5.47A & B). 

While sitting down with your lower limb extended, raise 
your heel off the fioor and feel the anterior border of the ilio- 
tibial traet passing a finger’s breadth posterior to the lateral 
border of the patella. Note that the iliotibial traet is promi- 


nent and taut when the heel is raised and indistinet when the 
heel is lowered. 

The tendons of the hamstrings ean be observed and pal- 
pated at the borders of the popliteal fossa, the depression 
between the tendons at the baek of the fiexed knee (Fig. 
5.48B & e). The hieeps femoris tendon is on the lateral side 
of the fossa. The most lateral tendon on the medial side when 
the knee is fiexed against resistanee is the semimemhranosns 
tendon. 

While sitting on a ehair with your knee fiexed, press your 
heel against the leg of the ehair and feel your bieeps femoris 
tendon laterally and traee it to the head of the fibula. Also 
feel the narrow and more prominent semitendinosns tendon 
medially, which pulls away from the semimembranosus ten- 
don that attaehes to the snperomedial part of the tibia. 

See the blue box “Hamstring Injnries” below. 


GLUTEAL AND POSTERIOR 
THIGH REGIONS 


Troehanterie Bnrsitis 



Troehanterie hnrsitis, infiammation of the troehan- 
terie bursa (see Fig. 5.37), may result from repeti- 
tive aetions such as elimbing stairs while earrying 
heavy objeets, or rnnning on a steeply elevated treadmill. 
These movements involve the gluteus maximus and move the 
snperior tendinons fibers repeatedly baek and forth over the 
bursae of the greater troehanter. Troehanterie bnrsitis causes 
deep diffiise pain in the lateral thigh region. 

This type oífrietion hnrsitis is eharaeterized by point ten- 
derness over the great troehanter; however, the pain radiates 
along the iliotibial traet that extends from the iliae tnberele 
to the tibia (see Figs. 5.36 and 5.39C). This thiekening of the 
faseia lata reeeives tendinons reinforeements from the tensor 
faseiae latae and gluteus maximus muscles. The pain from an 
infiamed troehanterie bursa, usually loealized just posterior 
to the greater troehanter, is generally elieited by mannally 
resisting abdnetion and lateral rotation of the thigh while the 
person is lying on the nnaffeeted side. 


isehial Bursitis 



Beenrrent mierotranma resnlting from repeated 
stress (e.g., as from eyeling, rowing, or other aetivi- 


ties involving repetitive hip extension while seated) 
may ovenvhelm the ability of the isehial bursa (see Fig. 5.37) 
to dissipate applied stress. The recurrent trauma results in 
infiammation of the bursa {isehial hnrsitis). 

isehial bursitis is Sifrietion hnrsitis resulting from excessive 
frietion between the isehial bursae and the isehial tnberosities. 
Loealized pain occurs over the bursa, and the pain inereases 


with movement of the gluteus maximus. Calcification may 
occur in the bursa with ehronie bnrsitis. Beeanse the isehial 
tnberosities bear the body’s weight during sitting, these pres- 
sure points may lead to pressnre sores in debilitated people, 
partienlarly paraplegie persons with poor nnrsing eare. 



Hamstrìng Injuries 

Hamstring strains (pulled and/or torn hamstrings) 
are eommon in individnals who run and/or kiek 
hard (e.g., in rnnning, jnmping, and quick-start 
sports such as baseball, basketball, football, and soeeer). The 
violent muscular exertion required to excel in these sports 
may avulse (tear) part of the proximal tendinous attaehments 
of the hamstrings to the isehial tnberosity. Hamstring strains 
are twice as eommon as quadriceps strains. 

Usually thigh strains are aeeompanied by eontnsion 
(brnising) and tearing of muscle fibers, resulting in rupture 
of the blood vessels supplying the mnseles. The resnltant 
hematoma is eontained by the dense stoeking-like faseia lata. 

Tearing of hamstring fihers is often so painfiil when the 
athlete moves or stretehes the leg that the person falls and 
writhes in pain. These injnries often result from inadequate 
warming up before praetiee or eompetition. 

Avnlsion (tearing atvay) of the isehial tnherosity at the 
proximal attaehment of the bieeps femoris and semitendino- 
sus may result from foreible fiexion of the hip with the knee 
extended (e.g., kieking a football). (See Fig. B5.1 and the 
blue box 'Tnjuries of Hip Bone” on p. 526. 


Injury to Superìor Gluteal Nerve 



Injury to this nerve resnlts in a eharaeteristie motor 
loss, resnlting in a disabling glntens medins limp, to 
eompensate for weakened abdnetion of the thigh by 
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the gluteus medius and minimns, and/or a glnteal gait, a 
eompensatory list of the body to the weakened glnteal side. 
This eompensation plaees the eenter of gravity over the snp- 
porting lower limb. Medial rotation of the thigh is also 
severely impaired. When a standing person is asked to lift 
one foot off the ground and stand on one foot, the gluteus 
medins and minimns normally eontraet as soon as the eontra- 
lateral foot leaves the floor, preventing tipping of the pelvis 

to the nnsnpported side (Fig. B5.18A & B). 

When a person who has snffered a lesion of the superior 
gluteal nerve is asked to stand on one leg, the pelvis on the 
unsupported side deseends (Fig. B5.18C), indieating that 
the gluteus medius and minimns on the snpported side are 
weak or non-fnnetional. This sign is referred to elinieally as a 
positive Trendelenhnrg test. Other eanses of this sign inelnde 
fraetnre of the greater troehanter (the distal attaehment of 
gluteus medins) and disloeation of the hipjoint. 

When the pelvis deseends on the unsupported side, 
the lower limb beeomes, in effeet, too long and does not 
elear the ground when the foot is brought forward in the 
swing phase of walking. To eompensate, the individual 
leans away from the unsupported side, raising the pelvis 
to allow adequate room for the foot to elear the ground 
as it swings forward. This resnlts in a eharaeteristie “wad- 
dling” or glnteal gait. 

Other ways to eompensate is to lift the foot higher as it is 
bronght fonvard, resulting in the so-ealled steppage gait, or to 
swing the foot outward (laterally), the so-ealled swing-out gait. 
These same gaits are adopted to eompensate for thefootdrop 
that resnlts from eommon flbnlar nerve paralysis. (See these 
abnormal gaits illnstrated in Fig. B5.20 of the blne box 'Tnjnry 
to Gommon Fibular Nerve and Footdrop,” p. 605.) 


Abductors of thigh 


Aetive Paralyzed 



Posterìor views 
FIGURE B5.18. 



Anesthetìe Bloek of Seiatie Neive 

Sensation eonveyed by the seiatie nerve ean be 
bloeked by the injeetion of an anesthetie agent a 
few eentimeters inferior to the midpoint of the line 
joining the posterior snperior iliae spine (PSIS) and the snpe- 
rior border of the greater troehanter. Paresthesia (nonpainfnl 
anesthesia) radiates to the foot beeanse of anesthesia of the 
plantar nerves, whieh are terminal branehes of the tibial 
nerve derived from the seiatie nerve. 



Injury to Seiatie Nerve 

A pain in the bnttoeks may resnlt from eompression 
of the seiatie nerve by the piriformis {piriformis 
syndrome). Individuals involved in sports that 
require exeessive nse of the gluteal mnseles (e.g., iee skaters, 
eyelists, and roek elimbers) and women are more likely to 
develop this syndrome. In approximately 50% of eases, the 
histories indieate tranma to the bnttoeks assoeiated with 
hypertrophy (inerease in bnlk) and spasm of the piriformis. 
In the approximately 12% of people in whom the eommon 
flbnlar division of the seiatie nerve passes through the pirifor- 
mis (Fig. 5.43B), this mnsele may eompress the nerve. 

Oomplete seetion of the seiatie nerve is nneommon; how- 
ever, when it oeenrs, the leg is nseless beeanse extension of 
the hip is impaired, as is flexion of the leg. All ankle and foot 
movements are also lost. 

ineomplete seetion of the seiatie nerve (e.g., from stab 
wounds) may also involve the inferior glnteal and/or the pos- 
terior femoral eutaneous nerves. Reeovery from a lesion of 
the seiatie nerve is slow and nsnally ineomplete. 

With respeet to the seiatie nerve, the bnttoeks has diside of 
safety (its lateral side) and a side of danger (its medial side). 
Wounds or surgery on the medial side of the bnttoeks may 
injnre the seiatie nerve and its branehes to the hamstrings 
(semitendinosns, semimembranosns, and bieeps femoris) on 
the posterior aspeet of the thigh. Paralysis of these mnseles 
resnlts in impairment of thigh extension and leg flexion. 



Intragluteal injeetions 

The glnteal region (bnttoeks) is a eommon site for 
intramnsenlar (IM) injeetion of drngs. Glnteal IM 
injeetions penetrate the skin, faseia, and mnseles. 
The glnteal region is a eommon injeetion site beeanse the 
mnseles are thiek and large; consequently, they provide a 
snbstantial volnme for absorption of injeeted snbstanees by 
intramnsenlar veins. It is important to be aware of the extent 
of the glnteal region and the safe region for giving injeetions. 
Some people restriet the area of the bnttoeks to the most 
prominent part. This misnnderstanding may be dangerons 
beeanse the seiatie nerve lies deep to this area (Fig. B5.19A). 

injeetions into the bnttoeks are safe only in the snpero- 
lateral quadrant of the bnttoeks or snperior to a line extending 
from the PSIS to the snperior border of the greater troehanter 
(approximating the snperior border of the glntens maximus). 
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(A) Posterior view 
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FIGURE B5.19. 


IM injeetions ean also be given safely into the anterolateral 
part of the thigh, where the needle enters the tensor faseiae latae 
(Fig. 5.47A) as it extends distally from the iliae erest and ASIS. 
The index fìnger is plaeed on the ASIS and the fìngers are spread 
posteriorly along the iliae erest nntil the tnberele of the erest is 


felt by the middle fìnger (Fig. B5.19B). An IM injeetion ean 
be made safely in the triangnlar area between the fìngers (jnst 
anterior to the proximal joint of the middle fìnger) beeanse it is 
snperior to the seiatie nerve. Gomplieations of improper teeh- 
nique inelnde nerve injnry hematoma, and abseess formation. 


The Bottom Lìne 


GLUTEAL AND POSTERIOR THIGH REGIONS 

Gluteal regìon: The femur is bent at the angle of inelination, 
ereating a relatively transverse leverformed by the proximal 
femur. ♦ This enables superior plaeement of the abductors of 
the thigh, and provides meehanieal advantage forthe deeper 
medial and lateral rotators of the thigh, eritieal for bipedal 
loeomotion. ♦ Despite their designations, the abductors/ 
medial rotators (the superficial gluteal muscles) are most aetive 
during the stanee phase, when they simultaneously elevate and 
advanee the eontralateral unsupported side of the pelvis during 
ambulation. ♦ The lateral rotators (deep gluteal muscles) of the 
unsupported side rotate the free limb during the swing phase so 
that the foot remains parallel to the line of advaneement. 

Posterior femoral region: Although they have only 
about two thirds the strength of the gluteus maximus, the 
hamstrings are the main extensors of the hip used in normal 
walking. ♦ The hamstrings are two-joint muscles, and their 
eoneentrie eontraetion produces either extension ofthe hip 
orflexion ofthe knee. ♦ However, in walking, the hamstrings 
are most aetive in eeeentrieally eontraeting to deeelerate hip 
flexion and knee extension during terminal swing. ♦ The ham- 
strings also rotate the flexed knee. ♦ If resistanee to hip exten- 
sion is inereased or more vigorous extension is required, the 
gluteus maximus is ealled into aetion. 

Neurovascular structures ofgluteal and posterìor 
femoral regìons: Because it overlies the major doorway 


(greater seiatie foramen) by which derivatives ofthe saeral 
plexus exit the bony pelvis, the gluteal region includes a dis- 
proportionate number of nerves ofall sizes, both motor and 
sensory. ♦ Fortunately, most nerves are in the inferomedial 
quadrant; thus properly administered IM injeetions avoid these 
structures. ♦ Because the seiatie nerve includes fibers from the 
L4-S3 spinal nerves, it is affeeted by the most eommon nerve 
eompression syndromes (e.g., radiculopathies [disorders] of 
the L4 and L5 spinal nerve roots; see Chapter4). ♦ Even though 
occurring outside the lower limb per se, these syndromes result 
in seiatiea—pain that radiates down the lower limb along the 
course of the seiatie nerve and its terminal branehes. ♦ Pain 
experienced in the lower limb may not neeessarily arise from a 
problem in the limb! ♦ Arteries and veins serving the gluteal 
region and the proximal partofthe posterior eompartment of 
the thigh are branehes and tributaries of the internal iliae artery 
and vein that pass to and from the region via the greater seiatie 
foramen. ♦ All but the superior gluteal vessels exit the greater 
seiatie foramen inferiorto the piriformis muscle. ♦ Although 
the pudendal vessels follow the same route, they traverse the 
gluteal region only briefly en route to and from the perineum 
via the lesser seiatie foramen. ♦ The posterior eompartment of 
the thigh does not have a major artery coursing through it with 
primary responsibility for the eompartment. Rather, branehes 
from several arteries in other eompartments supply it. 
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POPLITEAL FOSSA AND LEG 
Popliteal Region 

The popliteal fossa is a mostly fat-filled eompartment of 
the lower limb. Snperfieially, when the knee is fiexed, the 
popliteal fossa is evident as a diamond-shaped depression 
posterior to the knee joint (Fig. 5.49). The size of the gap 
between the hamstring and gastroenemins mnseles is mis- 
leading, however, in terms of the aetnal size and extent of the 
fossa. Deeply, it is mneh larger than the snperfieial depres- 
sion indieates beeanse the heads of the gastroenemins form- 
ing the inferior bonndary snperfieially form a roof over the 
inferior half of the deep part. When the knee is extended, 
the fat within the fossa protrndes throngh the gap between 
mnseles, prodneing a ronnded elevation fianked by shallow, 
longitndinal grooves overlying the hamstring tendons. In 
disseetion, if the heads of the gastroenemins are separated 
and retraeted (Fig. 5.50), a mneh larger spaee is revealed. 
Snperfieially, the popliteal fossa is honnded: 

• Snperolaterally by the bieeps femoris (snperolateral 
border). 


• Snperomedially by the semimembranosns, lateral to 
which is the semitendinosns (snperomedial border). 

• Inferolaterally and inferomedially by the lateral and 
medial heads of the gastroenemins, respeetively (infero- 
lateral and inferomedial borders). 

• Posteriorly by skin and popliteal faseia (roof). 

Deeply, the snperior bonndaries are formed by the diverg- 
ing medial and lateral snpraeondylar lines of the femnr. The 
inferior bonndary is formed by the soleal line of the tibia 
(Fig. 5.4B). These bonndaries snrronnd a relatively large dia- 
mond-shaped fioor (anterior wall), formed by the popliteal 
surface of the femur snperiorly, the posterior aspeet of the 
joint eapsnle of the knee joint eentrally, and the investing 
poplitens faseia eovering the poplitens mnsele inferiorly 

(Fig. 5.51). 

The eontents of the popliteal fossa (Figs. 5.49B, 5.50, 
and 5.51) inelnde the: 

• Termination of the small saphenons vein. 

• Popliteal arteries and veins and their branehes and 
tribntaries. 

• Tibial and eommon fibnlar nerves. 
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FIGIJRE 5.49. Superficìal poplìteal region. A. Numbers on the surface anatomy refer to structures identified in B. The diamond-shaped gap in the roof of 
the popliteal fossa, formed by the overlying muscles, is outlined. B. Superficial disseetion of the popliteal region shovving the muscles that eover most ofthe 
popliteal fossa. 
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FIGITRE 5.50. Exposure of popliteal fossa and nerves in it. The two heads ofthe gastrocnemius muscle have been separated and are being retraeted. 

The seiatie nerve separates into its eomponents at the apex ofthe popliteal fossa (or higher; Fig. 5.43B). The eommon fibular nerve courses along the medial 
border ofthe bieeps femoris. All the motor branehes arising from the tibial nerve, except one, arise from the lateral side; consequently, in surgery it is safer to 
disseet on the medial side. The level at which the medial sural cutaneous nerve and sural communicating braneh merge to form the sural nerve— 
occurring high here—is quite variable; it may even occur at the level of the ankle. 


• Posterior cutaneous nerve of thigh (see Fig. 5.42B). 

• Popliteal lymph nodes and lymphatie vessels (see 

Fig. 5.15B). 

FASeiA OF POPLITEAL FOSSA 

The suhcutaneous tissue (snperfìeial faseia) overlying 
the popliteal fossa eontains the small saphenons vein 
(Fig. 5.14B—nnless it has penetrated the deep faseia of the 
leg at a more inferior level) and three cutaneous nerves: 
the terminal braneh(es) of the posterior cutaneous nerve of 
the thigh and the medial and lateral sural cutaneous nerves 

(Fig. 5.49B). 


The popliteal faseia is a strong sheet of deep faseia, 
continuous snperiorly with thefaseia lata and inferiorly 
with the deep faseia of the leg (Fig. 5.13B). The popli- 
teal faseia forms a proteetive eovering for nenrovasenlar 
structures passing from the thigh throngh the popliteal 
fossa to the leg, and a relatively loose but fnnetional 
retaining “retinaculum” (retaining band) for the ham- 
string tendons. Often the faseia is piereed by the small 
saphenons vein. 

When the leg extends, the fat within the fossa is relatively 
eompressed as the popliteal faseia beeomes taut, and the 
semimembranosns mnsele moves laterally, providing fnrther 
proteetion to the eontents of the fossa. 
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FIGIJRE 5.51. Deep dìsseetìon of poplìteal fossa. The popliteal artery runs on the floor ofthe fossa, formed by the popliteal surface ofthe femur, the 
joint capsule of the knee, and the investing faseia of the popliteus. 


The eontents, most important the popliteal artery and 
lymph nodes, are most easily palpated with the knee semi- 
flexed. Beeanse of the deep faseial roof and osseoflbrons 
floor, the fossa is a relatively eonflned spaee. Many disorders 
prodnee svvelling of the fossa, making knee extension pain- 
fnl. (See the blne boxes “Popliteal Abseess and Tnmor” and 
“Popliteal Anenrysm and Hemorrhage” on p. 604, and “Pop- 
liteal Gysts” on p. 665.) 

NEUROVASCUliAR STRUCTURES 

AND RELATIONSHIPS IN POPLITEAL FOSSA 

All important nenrovasenlar strnetnres that pass from the 
thigh to the leg do so by traversing the popliteal fossa. Pro- 
gressing from snperfleial to deep (posterior to anterior) 
within the fossa, as in disseetion, the nerves are eneonntered 


flrst, then the veins. The arteries lie deepest, direetly on 
the popliteal snrfaee of the femnr, joint eapsnle, and invest- 
ing faseia of the poplitens forming the floor of the fossa 

(Fig. 5.51). 

Nerves ín Poplíteal Fossa. The seiatie nerve nsnally 
ends at the snperior angle of the popliteal fossa by dividing 
into the tibial and eommon flbnlar nerves (Figs. 5.49B, 5.50, 
and 5.51). 

The tibial nerve is the medial, larger terminal braneh of 
the seiatie nerve derived from anterior (preaxial) divisions of 
the anterior rami of the L4-S3 spinal nerves. The tihial nerve 
is the most snperfeial of the three main eentral eomponents 
of the popliteal fossa (i.e., nerve, vein, and artery); however, 
it is still in a deep and proteeted position. The tibial nerve 
biseets the fossa as it passes from its snperior to its inferior 
angle. 
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FIGIJRE 5.52. Genicular anastomosis. The many arteries making up the 
peri-articular anastomosis around the knee provide an important eollateral 
circulation for bypassing the popliteal arteryvvhen the kneejoint has been 
maintained too long in a fully fìexed position or vvhen the vessels are nar- 
rowed or occluded. 


While in the fossa, the tibial nerve gives branehes to the 
solens, gastroenemins, plantaris, and poplitens mnseles. 
The medial sural cutaneous nerve is also derived from 
the tibial nerve in the popliteal fossa. It is joined by the sural 
communicating braneh of the eommon fibnlar nerve 
at a highly variable level to form the sural nerve. This nerve 
snpplies the lateral side of the leg and ankle. 

The eommon fibnlar (peroneal) nerve is the lateral, 
smaller terminal braneh of the seiatie nerve derived from pos- 
terior (postaxial) divisions of the anterior rami of the L4-S2 
spinal nerves. The eommon fibnlar nerve begins at the snpe- 
rior angle of the popliteal fossa and follows elosely the medial 
border of the bieeps femoris and its tendon along the snpero- 
lateral bonndary of the fossa. The nerve leaves the fossa by 
passing snperfieial to the lateral head of the gastroenemins 
and then passes over the posterior aspeet of the head of the 
fibnla. The eommon fihnlar nerve loinds aronnd the neek ofi 
thefihnla and divides into its terminal branehes. 

The most inferior branehes of the posterior eutaneous 
nerve of the thigh snpply the skin that overlies the popliteal 
fossa (see Fig 5.42B). The nerve traverses most of the length 
of the posterior eompartment of the thigh deep to the faseia 
lata; only its terminal branehes enter the snbentaneons tissne 
as entaneons nerves. 

Blood Vessels ín Poplíteal Fossa. The popliteal 

artery, the eontinnation of the femoral artery (Figs. 5.51 and 
5.52), begins when the latter passes throngh the addnetor 
hiatns (see Fig. 5.30A). The popliteal artery passes infero- 
laterally throngh the fossa and ends at the inferior border 
of the poplitens by dividing into the anterior and posterior 


tihial arteries. The deepest (most anterior) strnetnre in the 
fossa, the popliteal artery, rnns in elose proximity to the joint 
eapsnle of the knee as it spans the intereondylar fossa. 

Five genienlar hranehes of the popliteal artery snpply the 
eapsnle and ligaments of the knee joint. The genienlar arter- 
ies are the superior lateral, superior medial, middle, 
inferior lateral, and inferior medial genienlar arteries 
(Fig. 5.52). They partieipate in the formation of the peri- 
artienlar genienlar anastomosis, a network of vessels snr- 
ronnding the knee that provides eollateral eirenlation eapable 
of maintaining blood snpply to the leg dnring fnll knee fiex- 
ion, whieh may kink the popliteal artery. Other eontribntors 
to this important genienlar anastomosis are the: 

• Deseending genienlar artery, a braneh of the femoral 
artery, snperomedially. 

• Deseending braneh of the lateral femoral eirenm- 
flex artery, snperolaterally. 

• Anterior tibial reenrrent artery, a braneh of the ante- 
rior tibial artery, inferolaterally. 

Mnsenlar branehes of the popliteal artery snpply the ham- 
string, gastroenemins, solens, and plantaris mnseles. The 
snperior mnsenlar branehes of the popliteal artery have elini- 
eally important anastomoses with the terminal part of the 
profnnda femoris and glnteal arteries. 

The popliteal vein begins at the distal border of the pop- 
litens as a eontinnation of the posterior tihial vein (Fig. 5.51). 
Thronghont its eonrse, the vein lies elose to the popliteal 
artery, lying snperfieial to it and in the same fibrons sheath. 
The popliteal vein is initially posteromedial to the artery and 
lateral to the tibial nerve. More snperiorly, the popliteal vein 
lies posterior to the artery, between this vessel and the over- 
lying tibial nerve. Snperiorly, the popliteal vein, whieh has 
several valves, beeomes thefemoral vein as it traverses the 
addnetor hiatns. The small saphenons vein passes from the 
posterior aspeet of the lateral malleolns to the popliteal fossa, 
where it pierees the deep popliteal faseia and enters the pop- 
liteal vein. 

Lymph Nodes ín Popliteal Fossa. The snperfieial 

popliteal lymph nodes are nsnally small and lie in the snb- 
entaneons tissne. A lymph node lies at the termination of the 
small saphenons vein and reeeives lymph from the lymphatie 
vessels that aeeompany this vein (see Fig. 5.15). The deep 
popliteal lymph nodes snrronnd the vessels and reeeive 
lymph from the joint eapsnle of the knee and the lymphatie 
vessels that aeeompany the deep veins of the leg. The lym- 
phatie vessels from the popliteal lymph nodes follow the 
femoral vessels to the deep ingninal lymph nodes. 


Anterìor Compartment of Leg 

ORGANIZATION OF LEG 

The bones of the leg {tihia dìaàfihnla) that eonneet the knee 
and ankle, and the three faseial eompartments {anterior, lat- 
eral, and posterior eompartments of the leg), formed by the 
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anterior and posterior intermnsenlar septa, the interosseons 
memhrane, and the two leg bones to whieh they attaeh, were 
disenssed at the beginning of this ehapter and are illnstrated 
in eross-seetion in Fignre 5.53. The mnseles of eaeh eom- 
partment share eommon fnnetions and innervations. 


The anterior eompartment of the leg, or dorsi- 
flexor {extensor) eompartment, is loeated anterior to the 
interosseons memhrane, between the lateral snrfaee of 
the shaft of the tibia and the medial snrfaee of the shaft 
of the fibnla. 
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B. Transverse seetion 



e. Transverse seetion 


FIGIJRE 5.53. Compartments of leg at midealf level in transverse anatomieal seetion. A. The anterior (dorsifìexor or extensor) eompartment eontains 
four muscles (the fìbularis tertius lies inferior to the level of this seetion). The lateral (fìbular) eompartment eontains two evertor muscles. The posterior 
(plantarfìexor or fìexor) eompartment, eontaining seven muscles, is subdivided by an intraeompartmental transverse intermuscular septum into a superfìcial 
group of three (two of which are eommonly tendinous/aponeurotic at this level) and a deep group of four. The popliteus (part of the deep group) lies 
superior to the level ofthis seetion. B. Overview of eompartments of leg. C. MRI ofthe leg. Abbreviations are defìned in the labels for parts A and B. 
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The anterior eompartment is bonnded anteriorly by the 
deepfaseia of the leg and skin. The deep faseia overlying the 
anterior eompartment is dense snperiorly, providing part of 
the proximal attaehment of the mnsele immediately deep to 
it. With nnyielding strnetnres on three sides (the two bones 
and the interosseons membrane) and a dense faseia on the 
remaining side, the relatively small anterior eompartment is 
espeeially eonfined and therefore most snseeptible to eom- 
partment syndromes (see the blne box “Gontainment and 
Spread of Gompartmental Infeetions in the Leg,” p. 605). 

Inferiorly, two band-like thiekenings of the faseia form 
retinacula that bind the tendons of the anterior eompart- 
ment mnseles before and after they eross the ankle joint, 
preventing them from bowstringing anteriorly dnring dorsi- 

fiexion of the joint (Fig. 5.54): 

1. The saperior extensor retinaenlnm is a strong, broad 
band of deep faseia, passing from the fibnla to the tibia, 
proximal to the malleoli. 

2. The inferior extensor retinaenlnm, a Y-shaped band 
of deep faseia, attaehes laterally to the anterosnperior snr- 
faee of the ealeanens. It forms a strong loop aronnd the 
tendons of the fibnlaris tertins and the extensor digitornm 
longns mnseles. 

MUSCLES OF ANTERIOR GOMPARTMENT OF LEG 

The fonr mnseles in the anterior eompartment of the leg are 
the tihialis anterior, extensor digitomm longns, extensor hal- 

Ineis longns, diaàfihnlaris tertins (Figs. 5.53A & B and 5.55; 
Table 5.10). These mnseles pass and insert anterior to the 
transversely oriented axis of the ankle (taloernral) joint and, 
therefore, are dorsiflexors of the ankle joint, elevating 
the forefoot and depressing the heel. The long extensors also 
pass along and attaeh to the dorsal aspeet of the digits and are 
thns extensors (elevators) of the toes. 

Althongh it is a relatively weak and short movement—only 
abont a quarter the strength of plantarfiexion (Soderberg, 
1986), with a range of abont 20° from nentral—dorsifiexion is 
aetively nsed in the swing phase of walking, when eoneentrie 
eontraetion keeps the forefoot elevated to elear the gronnd as 
the free limb swings fonvard (see Fig. 5.20F & G and Table 
5.2). Immediately after, in the stanee phase, eeeentrie eon- 
traetion of the tibialis anterior eontrols the lowering of the 
forefoot to the fioor following heel strike (see Fig. 5.20A and 
Table 5.2). The latter is important to a smooth gait and is 
important to deeeleration (braking) relative to rnnning and 
walking downhill. Dnring standing, the dorsifiexors refiex- 
ively pnll the leg (and thns the eenter of gravity) anteriorly 
on the fixed foot when the body starts to lean (the eenter of 
gravity begins to shift too far) posteriorly. When deseend- 
ing a slope, espeeially if the snrfaee is loose (sand, gravel, or 
snow), dorsifiexion is nsed to “dig in” one’s heels. 

Tíbíalìs Anteríor. The tibialis anterior (TA), the 
most medial and snperfieial dorsifiexor, is a slender mnsele 
that lies against the lateral snrfaee of the tibia (Figs. 5.53 
and 5.56). The long tendon of TA begins halfway down the 


leg and deseends along the anterior snrfaee of the tibia. Its 
tendon passes within its own synovial sheath deep to the 
snperior and inferior extensor retinaenla (Fig. 5.54) to its 
attaehment on the medial side of the foot. In so doing, its 
tendon is loeated farthest from the axis of the ankle joint, 
giving it the most meehanieal advantage and making it the 
strongest dorsifiexor. Althongh antagonists at the ankle joint, 
TA and the tibialis posterior (in the posterior eompartment) 
both eross the snbtalar and transverse tarsal joints to attaeh 
to the medial border of the foot. Thns, they aet synergistieally 
to invert the foot. 

To test the TA, the person is asked to stand on their heels 
or dorsifiex the foot against resistanee; if normal, its tendon 
ean be seen and palpated. 

Extensor Dígítorum Longus. The extensor digi- 

torum longus (EDL) is the most lateral of the anterior 
leg mnseles (Figs. 5.53-5.56). A small part of the proximal 
attaehment of the mnsele is to the lateral tibial eondyle; how- 
ever, most of it attaehes to the medial snrfaee of the fibnla 
and the snperior part of the anterior snrfaee of the interosse- 

ons membrane (Fig. 5.55A; Table 5.10). 

The EDL beeomes tendinons snperior to the ankle, form- 
ing fonr tendons that attaeh to the phalanges of the lateral 
fonr toes. A eommon synovial sheath snrronnds the fonr ten- 
dons of the EDL (plns that of the fibnlaris tertins) as they 
diverge on the dorsnm of the foot and pass to their distal 

attaehments (Fig. 5.54B). 

Eaeh tendon of EDL forms a membranons extensor 
expansion (dorsal aponenrosis) over the dorsnm of the proxi- 
mal phalanx of the toe, which divides into two lateral bands 
and one eentral band (Fig. 5.54A). The eentral band inserts 
into the base of the middle phalanx, and the lateral slips eon- 
verge to insert into the base of the distal phalanx. 

To test the EDL, the lateral fonr toes are dorsifiexed 
against resistanee; if aeting normally, the tendons ean be seen 
and palpated. 

Fíbularís Tertíus. The fibularis tertius (FT) is a sepa- 
rated part of EDL, which shares its synovial sheath (Figs. 
5.54 and 5.56). Proximally, the attaehments and fieshy parts 
of the EDL and FT are eontinnons; however, distally the FT 
tendon is separate and attaehes to the 5th metatarsal, not to 
a phalanx (Fig. 5.55F; Table 5.10). Althongh FT eontribntes 

(weakly) to dorsifiexion, it also aets at the snbtalar and trans- 
verse tarsal joints, eontribnting to eversion (pronation) of the 
foot. It may play a speeial proprioeeptive role in sensing snd- 
den inversion and then eontraeting refiexively to proteet the 
anterior tibiofibnlar ligament, the most eommonly sprained 
ligament of the body. FT is not always present. 

Extensor Hallucís Longus. The extensor hallueìs 
longus (EHL) is a thin mnsele that lies deeply between the 
TA and EDL at its snperior attaehment to the middle half 
of the fibnla and interosseons membrane (Fig. 5.55E; Table 
5.10). EHL rises to the snrfaee in the distal third of the leg, 
passing deep to the extensor retinaenla (Figs. 5.54 and 5.56). 
It eonrses distally along the erest of the dorsnm of the foot 
to the great toe. 
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FIGIJRE 5.54. Disseetions of foot. These disseetions demonstrate the continuation of the anterior and lateral leg muscles into the foot. The thinner por- 
tions of the deep faseia of the leg have been removed, leaving the thieker portions that make up the extensor and fibular retinacula, vvhieh retain the tendons 
as they eross the ankle. A. The vessels and nerves are cut short. At the ankle, the vessels and the deep fibular nerve lie midvvay betvveen the malleoli and 
betv\/een the tendons of the long dorsifìexors ofthe toes. B. Synovial sheaths surround the tendons as they pass beneath the retinacula of the ankle. 
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FIGIJRE 5.55. Muscles of anterior and lateral eompartments of leg. 


TABLE 5.10. MUSCLES OF ANTERIOR AND LATERAL GOMPARTMENTS OF LEG 


Muscle^ 

Proximal Attaehment 

Distal Attaehment 

Innervation*’ 

Main Aetion 

Anterior eompartment 

Tibialis anterior (1) 

Extensor digitorum 
longus (2) 

Extensor hallucis 
longus (3) 

Fibularis tertius (4) 

Lateral eondyle and superior 
half of lateral surface of tibia 
and interosseous membrane 

Medial and inferior surfaces of 
medial cuneiform and base of 

Ist metatarsal 

Deep fibijlar nerve 
(L4, L5) 

Dorsiflexes ankle and 
inverts foot 

Lateral eondyle of tibia and 
superiorthree quarters of 
medial surface of fibula and 
interosseous membrane 

Middle and distal phalanges 
of lateral four digits 

Extends lateral four 
digits and dorsiflexes 
ankle 

Middle partof anterior 
surface of fibula and interos- 
seous membrane 

Dorsal aspeet of base of distal 
phalanx of greattoe (hallux) 

Extends greattoe and 
dorsiflexes ankle 

Inferiorthird of anterior 
surface of fibula and interos- 
seous membrane 

Dorsum of base of 5th metatarsal 

Dorsiflexes ankle and 
aids in eversion of foot 

Lateral eompartment 

Fibularis longus (5) 

Fibularis brevis (6) 

Head and superiortwo thirds 
of lateral surface of fibula 

Base of Ist metatarsal and 
medial cuneiform 

Superficial fibular 
nerve (L5,S1,S2) 

Everts footand weakly 
plantarflexes ankle 

Inferior two thirds of lateral 
surface of fibula 

Dorsal surface of tuberosity 
on lateral side of base of 

5th metatarsal 


3 Numbers refer to Figure 5.55A & B. 

^The spinal eord segmental innervation is indieated (e.g., "L4, L5" means thatthe nerves supplying the tibialis anterior are derived from the fourth and fifth lumbar 
segments of the spinal eord). Numbers in boldfaee (L4) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments or to the 
motor nerve roots arising from them results in paralysis ofthe muscles eoneerned. 
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FIGITRE 5.56. Dìsseetìons of anterior and lateral eompartments of leg. A. This disseetion shovvs the muscles ofthe anterolateral leg and dorsum ofthe 
foot. The eommon fibular nerve, coursing subcutaneously aeross the lateral aspeet of the head and neek of the fibula, is the most eommonly injured periph- 
eral nerve. B. In this deeper disseetion of the anterior eompartment, the muscles and inferior extensor retinaculum are retraeted to display the arteries 
and nerves. 


To test the EHL, the great toe is dorsiflexed against resis- 
tanee; if aeting normally, its entire tendon ean be seen and 


NERVE OF ANTERIOR GOMPARTMENT OF LEG 

The deep fibular (peroneal) nerve is the nerve of the ante- 

rior eompartment (Figs. 5.53A, 5.56B, and 5.57; Table 5.11). 

It is one of the two terminal branehes of the eommon flbnlar 



nerve, arising betvveen the flbnlaris longns mnsele and the 
neek of the flbnla. After its entry into the anterior eompart- 
ment, the deep flbnlar nerve aeeompanies the anterior tibial 
artery, flrst betvveen the TA and EDL and then betvveen the 
TA and EHL. The deep flbnlar nerve then exits the eom- 
partment, eontinning aeross the ankle joint to snpply intrin- 
sie mnseles (extensors digitornm and hallneis brevis), and a 
small area of the skin of the foot. A lesion of this nerve resnlts 
in an inability to dorsiflex the ankle (footdrop). 
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FIGITRE 5.57. Nervesofleg. 


TABLE5.il. NERVESOFLEG 


Nerve 

Origin 

Course 

Distribution in Leg 

Saphenous 

Femoral nerve 

Deseends with femoral vessels through femoral tri- 
angle and adductorcanal and then deseends with 
greatsaphenous vein 

Supplies skin on medial side of 
ankle and foot 

Sural 

Usually arises from 
branehes of both tibial 
and eommon fibular 

nerves 

Deseends between heads of gastrocnemius and 
beeomes superficial at middle of leg; deseends with 
small saphenous vein and passes inferiorto lateral 
malleolus to lateral side of foot 

Supplies skin on posteriorand 
lateral aspeets of leg and lateral 
side of foot 

Tibial 

Seiatie nerve 

Forms as seiatie bifurcates atapex of popliteal fossa; 
deseends through popliteal fossa and lies on poplit- 
eus; runs inferiorly on tibialis posterior with posterior 
tibial vessels; terminates beneath flexor retinaculum 
by dividing into medial and lateral plantar nerves 

Supplies posterior muscles of leg 
and knee joint 

Gommon fibular 

(peroneal) 

Seiatie nerve 

Forms as seiatie bifurcates atapex of popliteal fossa and 
follows medial borderof bieeps femoris and its tendon; 
passes over posterior aspeet of head of fibula and then 
winds around neek of fibula deep to fibularis longus, 
where it divides into deep and superficial fibular nerves 

Supplies skin on lateral partof 
posterior aspeet of leg via the 
iateral sural cutaneous nerve; also 
supplies knee joint via its articular 
braneh 

Superficial fibu- 

lar (peroneal) 

Gommon fibular nerve 

Arises between fibularis longus and neek of fibula and 
deseends in lateral eompartment of leg; pierees deep 
faseia at distal third of leg to beeome subcutaneous 

Supplies fibularis longus and brevis 
and skin on distal third of anterior 
surface of leg and dorsum of foot 

Deep fibular 

(peroneal) 

Gommon fibular nerve 

Arises between fibularis longus and neek of fibula; 
passes through extensordigitorum longus and 
deseends on interosseous membrane; erosses 
distal end of tibia and enters dorsum of foot 

Supplies anterior muscles of leg, 
dorsum of foot, and skin of first 
interdigital eleft; sends articular 
branehes to joints it erosses 
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ARTERYIN ANTERIOR GOMPARTMENT OF LEG 

The anterior tibial artery supplies stmctures in the anterior 

eompartment (Figs. 5.53A, 5.58B, and 5.59; Table 5.12). The 

smaller terminal braneh of the popliteal artery, the anterior 
tibial artery, begins at the inferior border of the poplitens mus- 
ele (i.e., as the popliteal arteiy passes deep to the tendinons 


areh of the solens). The artery immediately passes anteriorly 
throngh a gap in the snperior part of the interosseons mem- 
brane to deseend on the anterior snrfaee of this membrane 
between the TA and EDL mnseles. At the ankle joint, midway 
between the malleoli, the anterior tibial artery ehanges names. 


Femoral artery 


Adductor hiatus 

Superior medial 
genicular 


Inferior medial 
genicular 


Posterior tibial 


Medial plantar 


Posterior view 



Superior lateral 
genicular 
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Anterior tibial 


Fibular 

(peroneal) 


Perforating 

braneh 
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Deseending braneh 
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circumflex artery 


Superior lateral 
genicular 


Inferior lateral 
genicular 


Perforating braneh of 
fibular (peroneal) 


Lateral malleolar 


Lateral tarsal 


Anterior view 
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Deseending genicular 

Superior medial 
genicular 


Inferior medial 
genicular 


Anterior tibial 
recurrent 

Anterior tibial 


Medial malleolar 


Dorsalis pedis 


Medial tarsal 


FIGURE5.58. Arteries of leg. 


TABLE5.12. ARTERIES OF LEG 


Artery 

Origin 

Course 

Distribution in Leg 

Popliteal 

Continuation of femoral 
artery at adductor hiatus 
in adductor magnus 

Passes through popliteal fossa to leg; ends at lower 
border of popliteus muscle by dividing into anterior 
and posterior tibial arteries 

Superior, middle, and inferior 
genicular arteries to both lateral 
and medial aspeets of knee 

Anterior tibial 

Popliteal 

Passes between tibia and fibula into anterioreom- 
partmentthrough gap in superior partof interosseous 
membrane and deseends this membrane between 
tibialis anteriorand extensor digitorum longus 

Anterior eompartment of leg 

Dorsalis pedis 

(Dorsal artery of 
foot) 

Continuation of anterior 
tibial artery distal to infe- 
rior extensor retinaculum 

Deseends anteromedially to first interosseous spaee 
and divides into plantarand arcuate arteries 

Muscles on dorsum of foot; pierees 
firstdorsal interosseous muscles 
as deep plantar artery to contribute 
to formation of plantar areh 

Posteriortibial 

Popliteal 

Passes through posterior eompartmentof leg and 
terminates distal to flexor retinaculum by dividing into 
medial and lateral plantar arteries 

Posteriorand lateral eompartments 
of leg; circumflex fibular braneh 
joins anastomoses around knee; 
nutrient artery passes to tibia 

Fibular 

Posteriortibial 

Deseends in posterior eompartmentadjaeentto 
posterior intermuscular septum 

Posterior eompartment of leg: 
perforating branehes supply lateral 
eompartmentof leg 
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Femoral artery 


Medial superior 
genicular artery 


Popliteal artery 
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genicular artery 
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FIGIJRE 5.59. Poplìteal arteriogram. The popliteal artery begins at 
the site ofthe adductor hiatus (vvhere it may be eompressed), and then 
lies successively on the distal end of the femur, joint capsule of the knee 
Joint, and popliteus muscle (not visible) before dividing into the anterior 
and posterior tibial arteries at the inferior angle of the popliteus fossa. 
Here it is subject to entrapment as it passes beneath the tendinous 
areh ofthe soleus muscle. (Courtesy of Dr. K. Sniderman, Assoeiate 
Professor of Medieal Imaging, Llniversity ofToronto, Toronto, Ontario, 
Ganada.) 


Lateral Compartment of Leg 

The lateral eompartment of the leg, or evertor eompart- 
ment, is the smallest (narrowest) of the leg eompartments. It is 
bonnded by the lateral snrfaee of the fibnla, the anterior and 
posterior intermnsenlar septa, and the deep faseia of the leg 

(Figs. 5.53A & B and 5.55F; Table 5.10). The lateral eompart- 

ment ends inferiorly at the snperior fibnlar retinaenlnm, 
whieh spans between the distal tip of the fibnla and the ealea- 
nens (Fig. 5.56A). Here the tendons of the two mnseles of the 
lateral eompartment (fibnlaris longns and brevis) enter a eom- 
mon synovial sheath to aeeommodate their passage between 
the snperior fibnlar retinaenlnm and the lateral malleolns, 
nsing the latter as a troehlea as they eross the ankle joint. 

MUSCLES IN LATERAL GOMPARTMENT OF LEG 

The lateral eompartment eontains the fihnlaris longas and 
hrevis mnseles. These mnseles have their fieshy bellies in the 
lateral eompartment bnt are tendinons as they exit the eom- 
partment within the eommon synovial sheath deep to the snpe- 
rior fibnlar retinaenlnm. Both mnseles are evertors of the 
foot, elevating the lateral margin of the foot. Developmentally, 
the fibnlaris mnseles are postaxial mnseles, reeeiving innerva- 
tion from the posterior divisions of the spinal nerves, which 
eontribnte to the seiatie nerve. However, beeanse the fibnlaris 
longns and brevis pass posterior to the transverse axis of the 
ankle (taloernral) joint, they eontribnte to plantarfiexion at the 
ankle—nnlike the postaxial mnseles of the anterior eompart- 
ment (inelnding the fibnlaris tertins), which are dorsifiexors. 

As evertors, the fibnlaris mnseles aet at the snbtalar and 
transverse tarsal joints. From the nentral position, only a few 
degrees of eversion are possible. In praetiee, the primary 
fnnetion of the evertors of the foot is not to elevate the lateral 
margin of the foot (the eommon deseription of eversion) bnt 
to depress or fix the medial margin of the foot in snpport of 
the toe off phase of walking and, espeeially, rnnning and to 
resist inadvertent or excessive inversion of the foot (the posi- 
tion in which the ankle is most vnlnerable to injnry). When 
standing (and partienlarly when balaneing on one foot), the 
fibnlaris mnseles eontraet to resist medial sway (to reeenter a 
line of gravity, which has shifted medially) by pnlling laterally 
on the leg while depressing the medial margin of the foot. 

To test thefihnlaris longns and hrevis, the foot is everted 
strongly against resistanee; if aeting normally, the mnsele ten- 
dons ean be seen and palpated inferior to the lateral malleolns. 

Fíbularís Longus. The fibularis longus (FL) is the lon- 
ger and more snperfieial of the two fibnlaris mnseles, arising 
mneh more snperiorly on the shaft of the fibnla (Figs. 5.53, 
5.55F, and 5.56A; Table 5.10). The narrow FL extends from 

the head of the fibnla to the sole of the foot. Its tendon ean 
be palpated and observed proximal and posterior to the lat- 
eral malleolns. Distal to the snperior fibnlar retinaenlnm, the 
eommon sheath shared by the fibnlar mnseles splits to extend 
throngh separate eompartments deep to the inferior fibnlar 
retinaenlnm (Figs. 5.54A and 5.56). The FL passes throngh 
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the inferior eompartment—inferior to the jìhnlar troehlea 
on the ealeanens—and enters a groove on the antero-inferior 
aspeet of the enboid bone (see Fig. 5.11D). It then erosses 
the sole of the foot, rnnning obliquely and distally to reaeh its 
attaehment to the Ist metatarsal and medìal enneiform hones 
(see Fig. 5.11B). When a person stands on one foot, the FL 
helps steady the leg on the foot. 

Fíbulans Brevìs. The fibularis brevis (FB) is a fnsi- 
form mnsele that lies deep to the FL, and, trne to its name, 
the FB is shorter than its partner in the lateral eompartment 

(Figs. 5.53, 5.55F, and 5.56A; Table 5.10). Its broad tendon 

grooves the posterior aspeet of the lateral malleolns and ean 
be palpated inferior to it. The narrower tendon of the FL lies 
posterior to the tendon of the FB and does not eontaet the 
lateral malleolns. The tendon of the FB traverses the snpe- 
rior eompartment of the inferior fibnlar retinaenlnm, passing 
snperior to the fibnlar troehlea of the ealeanens; it ean be 
easily traeed to its distal attaehment to the hase of the 5th 
metatarsal (Fig. 5.11D). The tendon of thefihnlaris tertins, 
a slip of mnsele from the extensor digitornm longns, often 
merges with the tendon of the FB (Fig. 5.56A). Oeeasion- 
ally, however, the fibnlaris tertins passes anteriorly to attaeh 
direetly to the proximal phalanx of the 5th digit. 

NERVES IN LATERAL GOMPARTMENT OF LEG 

The superficial fibular (peroneal) nerve, a terminal braneh 
of the eommon fibnlar nerve, is the nerve of the lateral eom- 

partment (Figs. 5.43A, 5.56A, and 5.57A; Table 5.11). After 

snpplying the FL and FB, the snperfieial fibnlar nerve eon- 
tinnes as a entaneons nerve, snpplying the skin on the distal 
part of the anterior snrfaee of the leg and nearly all the dor- 
snm of the foot. 

BLOOD VESSELS IN LATERAL 
eOMPARTMENT OF LEG 

The lateral eompartment does not have an artery eonrsing 
throngh it. Instead, perforating hranehes and aeeompanying 
veins snpply blood to and drain blood from the eompartment. 
Proximally, perforating branehes of the anterior tibial 
artery penetrate the anterior intermnsenlar septnm. Inferiorly, 
perforating branehes of the fibnlar artery penetrate the 
posterior intermnsenlar septnm, along with their aeeompanying 

veins (L. venae eomitantes) (Figs. 5.58 and 5.59; Table 5.12). 

Posterìor Compartment of Leg 

The posterior eompartment of the leg (plantarfiexor 
eompartment) is the largest of the three leg eompartments 
(Fig. 5.53A). The posterior eompartment and the mnseles 
within it are divided into snperfieial and deep snbeompart- 
ments/mnsele gronps by the transverse intermnsenlar sep- 
tum. The tibial nerve and posterior tibial and fibnlar vessels 
snpply both parts of the posterior eompartment bnt rnn in 
the deep snbeompartment deep (anterior) to the transverse 
intermnsenlar septnm. 


The larger snperfieial snbeompartment is the least eon- 
fined eompartmental area. The smaller deep snbeompart- 
ment, like the anterior eompartment, is bonnded by the two 
leg bones and the interosseons memhrane that binds them 
together, plns the transverse intermnsenlar septnm. There- 
fore, the deep snbeompartment is quite tightly eonfined. 
Beeanse the nerve and blood vessels snpplying the entire 
posterior eompartment and the sole of the foot pass throngh 
the deep snbeompartment, when swelling oeenrs it leads to a 
eompartment syndrome that has serions consequenees, sneh 
as mnsenlar neerosis (tissne death) and paralysis. 

Inferiorly, the deep snbeompartment tapers as the mns- 
eles it eontains beeome tendinons. The transverse intermns- 
enlar septnm ends as reinforeing transverse fibers that extend 
between the tip of the medial malleolns and the ealeanens to 
form the flexor retinaculum (see Fig. 5.61). The retinaen- 
Inm is snbdivided deeply, forming separate eompartments 
for eaeh tendon of the deep mnsele gronp, as well as for the 
tibial nerve and posterior tibial artery as they bend aronnd 
the medial malleolns. 

Mnseles of the posterior eompartment prodnee plantar- 
fiexion at the ankle, inversion at the snbtalar and transverse 
tarsal joints, dìaàfiexion of the toes. Plantarflexion is a pow- 
erfnl movement (fonr times stronger than dorsifiexion) pro- 
dneed over a relatively long range (approximately 50° from 
nentral) by mnseles that pass posterior to the transverse axis 
of the ankle joint. Plantarfiexion develops thrnst, applied 
primarily at the ball of the foot, that is nsed to propel the 
body fonvard and upward, and is the major eomponent of 
the forees generated dnring the pnsh-off (heel off and toe 
off) parts of the stanee phase of walking and rnnning (see 

Fig. 5.20D & E; Table 5.2). 

SUPERFICIAL MUSCLE GROUP 
IN POSTERIOR eOMPARTMENT 

The snperfieial group of ealfmuscles (mnseles forming prom- 
inenee of “ealf ’ of posterior leg) inelndes the gastroenemius, 
soleus, and plantaris. Details eoneerning their attaehments, 
innervation, and aetions are provided in Fignre 5.60A-E and 
Table 5.13.1). The gastroenemins and solens share a eom- 
mon tendon, the ealeaneal tendon, which attaehes to the 
ealeanens. Golleetively these two mnseles make up the three- 
headed trieeps surae (L. sura, ealf) (Figs. 5.60 and 5.61A). 
This powerful mnsenlar mass tngs on the lever provided by 
the ealeaneal tnberosity, elevating the heel and thns depress- 
ing the forefoot, generating as mneh as 93% of the plantar- 
fiexion foree. 

The large size of the gastroenemins and solens mnseles is 
a hnman eharaeteristie that is direetly related to onr npright 
stanee. These mnseles are strong and heavy beeanse they lift, 
propel, and aeeelerate the weight of the body when walking, 
rnnning, jnmping, or standing on the toes. 

The ealeaneal tendon (L. tendo ealeanens, Aehilles ten- 
don) is the most powerful (thiekest and strongest) tendon in 
the body. Approximately 15 em in length, it is a eontinnation 
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FIGIJRE 5.60A-E. Superficial (ealf) muscles of posterior eompartment of leg. 


TABLE 5.13.1. SUPERFICIAL MUSCLES OF POSTERIOR OOMPARTMENT OF LEG 


Muscle^ 

Proximal Attaehment 

Distal Attaehment 

Innervation*’ 

Main Aetion 

Gastrocnemius (1) 

Lateral head: lateral aspeet of lateral eon- 
dyle of femur 

Posterior surface of 
calcaneus via 
ealeaneal tendon 

Tibial nerve 
(S1,S2) 

Plantarflexes ankle vvhen 
knee is extended; raises heel 
during vvalking; flexes leg at 
knee joint 

Medial head: popliteal surface of femur; 
superiorto medial eondyle 

Soleus (2) 

Posterioraspeetof head and superiorquar- 
ter of posterior surface of fibula; soleal line 
and middle third of medial border of tibia; 
and tendinous areh extending betvveen the 
bony attaehments 

P lantarflexes ankle inde- 
pendent of position of knee; 
steadies leg on foot 

Plantaris (3) 

Inferior end of lateral supracondylar line of 
femur; oblique popliteal ligament 

VVeakly assists gastrocnemius 
in plantarflexing ankle 


^Nambers referto Figure 5.60A. 

^The spinal eord segmental innervation is indieated (e.g., "Sl, S2"means thatthe nerves supplying these muscles are derived from the firstand seeond saeral segments 
of the spinal eord). Damage to one or more of the listed spinal eord segments orto the motor nerve roots arising from them results in paralysis of the muscles eoneerned. 


of the flat aponeurosis formed halfvvay down the ealf where 
the bellies of the gastroenemins terminate (Figs. 5.60D & E 
and 5.61). Proximally, the aponenrosis reeeives fleshy flbers 
of the solens direetly on its deep snrfaee bnt distally the 
solens flbers beeome tendinons. The tendon thns beeomes 
thieker (deeper) bnt narrower as it deseends nntil it beeomes 
essentially ronnd in eross-seetion snperior to the ealeanens. 
It then widens as it inserts on the posterior snrfaee of the 
ealeaneal tnherosity. The ealeaneal tendon typieally spirals 
a quarter tnrn (90°) dnring its deseent, so that the gastroe- 
nemins flbers attaeh laterally and the soleal flbers attaeh 


medially. This arrangement is thonght to be signifleant to the 
tendon’s elastie ability to absorb energy (shoek) and reeoil, 
releasing the energy as part of the propnlsive foree it exerts. 
Althongh they share a eommon tendon, the two mnseles of 
the trieeps snrae are eapable of aeting alone, and often do so: 
'Ton stroll with the solens bnt win the long jnmp with the 
gastroenemins.” 

To test the trieeps snrae, the foot is plantarflexed against 
resistanee (e.g., by “standing on the toes,” in which ease body 
weight [gravity] provides resistanee). If normal, the ealeaneal 
tendon and trieeps snrae ean be observed and palpated. 
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FIGIJRE 5.60F-K. Deep muscles of posterior eompartment of leg. 


TABLE 5.13.11. DEEP MUSCLES OF POSTERIOR GOMPARTMENT OF LEG 


Muscle^ 

Proximal Attaehment 

Distal Attaehment 

Innervation*’ 

Main Aetion 

Popliteus 

Lateral surface of lateral eondyle of 
femurand lateral meniscus 

Posterior surface oftibia, 
superiorto soleal line 

Tibial nerve 
(L4, L5,S1) 

VVeakly flexes knee and unlocks 
it by rotating femur 5° on fixed 
tibia; medially rotates tibia of 
unplanted limb 

Flexor hallucis 
longus (4) 

Inferiortvvo thirds of posterior sur- 
faee of fibula; inferior partof inter- 
osseous membrane 

Base of distal phalanx of 
greattoe (hallux) 

Tibial nerve 
(S2, 53) 

Flexes greattoe atall joints; 
vveakly plantarflexes ankle; sup- 
ports medial longitudinal areh 
of foot 

Flexor digitorum 
longus (5) 

Medial partof posterior surface 
of tibia inferiorto soleal line; by a 
broad tendon to fibula 

Bases of distal phalan- 
ges of lateral four digits 

Flexes lateral four digits; 
plantarflexes ankle; supports 
Ìongitudinal arehes of foot 

Tibialis posterior (6) 

lnterosseous membrane; posterior 
surface of tibia inferiorto soleal 
line; posterior surface offibula 

T uberosity of navicular, 
cuneiform, cuboid, and 
sustentaculum tali of 
calcaneus; bases of 2nd, 
3rd, and 4th metatarsals 

Tibial nerve 
(L4, L5) 

Plantarflexes ankle; inverts foot 


®Numbers referto Figure 5.60A. 


Hhe spinal eorei segmental innervation is ineiieateei (e.g., "52, 53" means thatthe nerves supplying the flexor hallucis longus are derived from the seeond and third 
saeral segments of the spinal eord). Damage to one or more of the listed spinal eord segments or to the motor nerve roots arising from them results in paralysis of the 
muscles eoneerned. 


A suhcutaneous ealeaneal hursa, loeated betvveen the skin 
and the ealeaneal tendon, allows the skin to move over the 
tant tendon. A deep hursa of the ealeaneal tendon (retroeal- 
eaneal bnrsa), loeated between the tendon and the ealeanens, 
allows the tendon to glide over the bone. 

Gastrocnennìus. The gastrocnemius is the most snper- 
fieial mnsele in the posterior eompartment and forms the 
proximal, most prominent part of the ealf (Figs. 5.60D and 
5.61A; Table 5.13.1). It is a fnsiform, two-headed, two-joint 
mnsele with the medial head slightly larger and extending 
more distally than its lateral partner. The heads eome together 


at the inferior margin of the popliteal fossa, where they form 
the inferolateral and inferomedial bonndaries of this fossa. 
Beeanse its fibers are largely of the white, fast-twiteh (type 
2) variety, eontraetions of the gastroenemins prodnee rapid 
movements dnring rnnning and jnmping. It is reernited into 
aetion only intermittently dnring symmetrieal standing. 

The gastroenemins erosses and is eapable of aeting on 
both the knee and the ankle joints; however, it eannot exert 
its fnll power on both joints at the same time. It fnnetions 
most effeetively when the knee is extended (and is maximally 
aetivated when knee extension is eombined with dorsifiexion. 
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FIGIJRE 5.61. Disseetions of posterior aspeet of leg. A. Superficial disseetion. Except for the retinacula in the ankle region, the deep faseia has been 
removed to reveal the nerves and muscles. The three heads of the trieeps surae muscle attaeh distally to the calcaneus via the spiraling fìbers of the 
ealeaneal tendon. B. Deep disseetion. The gastrocnemius and most of the soleus are removed, leaving only a horseshoe-shaped seetion of the soleus elose to 
its proximal attaehments and the distal part ofthe ealeaneal tendon. The transverse intermuscular septum has been split to reveal the deep muscles, 
vessels, and nerves. 













































600 


ehapter 5 Lovver Limb 


as in the sprint start). It is ineapable of prodneing plantar- 
flexion when the knee is fnlly flexed. 

Soleus. The soleus is loeated deep to the gastroenemins 
and is the 'Vorkhorse” of plantarflexion (Figs. 5.60E and 5.61A 
& B; Table 5.13.1). It is alarge mnsele, flatter than the gastroe- 
nemins, that is named for its resemblanee to a sole—the flat 
flsh that reelines on its side on the sea floor. The solens has a 
eontinnons proximal attaehment in the shape of an inverted U 
to the posterior aspeets of the flbnla and tibia, and a tendinons 
areh between them, the tendinous areh of soleus (L. arcus 
tendìnens solens) (Figs. 5.60A and 5.61B). The popliteal artery 
and tibial nerve exit the popliteal fossa by passing throngh this 
areh, the popliteal artery simnltaneonsly bifnreating into its 
terminal branehes, the anterior and posterior tibial arteries. 

The solens ean be palpated on eaeh side of the gastroe- 
nemins when the individnal is standing on their tiptoes. The 
solens may aet with the gastroenemins in plantarflexing the 
ankle joint; it eannot aet on the knee joint and aets alone 
when the knee is flexed. Solens has many parts, eaeh with 
flber bnndles eonrsing in different direetion. 

When the foot is planted, the solens pnlls posteriorly on the 
bones of the leg. This is important to standing beeanse the line 
of gravity passes anterior to the leg’s bony axis. The solens is 
thns an antigravity mnsele (the predominant plantarflexor for 
standing and strolling), whieh eontraets antagonistieally bnt 
eooperatively (alternately) with the dorsiflexor mnseles of the 
leg to maintain balanee. Gomposed largely of red, fatigne-resis- 
tant, slow-twitch (type 1) mnsele flbers, it is a strong bnt rela- 
tively slow plantarflexor of the ankle joint, eapable of snstained 
eontraetion. Eleetromyography (EMG) stndies show that dnr- 
ing symmetrieal standing, the solens is eontinnonsly aetive. 

Plantarís. The plantaris is a small mnsele with a short 

belly and a long tendon (Figs. 5.50, 5.53A, and 5.60A & E; 
Table 5.13.1). This vestigial mnsele is absent in 5-10% of 
people and is highly variable in size and form when present 
(most eommonly a tapering slip abont the size of the small 
flnger). It aets with the gastroenemins bnt is insignifleant as 
either a flexor of the knee or a plantarflexor of the ankle. 

The plantaris has been eonsidered to be an organ of pro- 
prioeeption for the larger plantarflexors, as it has a high den- 
sity of mnsele spindles (reeeptors for proprioeeption). Its 
long, slender tendon is easily mistaken for a nerve (and henee 
dnbbed by some as the “freshman’s nerve”). 

The plantaris tendon rnns distally between the gastroe- 
nemins and solens (Figs. 5.53A and 5.60B), and oeeasionally 
snddenly rnptnres with a painfnl pop dnring aetivities sneh as 
racquet sports. Beeanse of its minor role, the plantaris tendon 
ean be removed for grafting (e.g., dnring reeonstrnetive snr- 
gery of the tendons of the hand) without eansing disability. 

DEEP MUSCLE GROUP IN 
POSTERIOR eOMPARTMENT 

Fonr mnseles make up the deep gronp in the posterior eom- 

partment of the leg (Figs. 5.53,5.61B, 5.62-5.64; Table 5.13.11): 

poplitens, flexor digitoram longns, flexor hallneis longns, and 


tihialis posterior. The poplitens aets on the knee joint, whereas 
the other mnseles plantarflex the ankle with two eontinning on 
to flex the toes. However, beeanse of their smaller size and the 
elose proximity of their tendons to the axis of the ankle joint, the 
“non-trieeps” plantarflexors eolleetively prodnee only abont 7% 
of the total foree of plantarflexion, and in this the flbnlaris lon- 
gns and brevis are most signifleant. When the ealeaneal tendon 
is mptnred, these mnseles eannot generate the power neeessary 
to lift the body’s weight (i.e., to stand on the toes). 

The two mnseles of the posterior eompartment that pass 
to the toes are erisserossed—that is, the mnsele attaehing 
medially to the great toe (flexor hallneis longns) arises lat- 
erally (from the flbnla) in the deep snbeompartment, and 
the mnsele attaehing to the lateral fonr toes (flexor digitornm 
longns) arises medially (from the tibia) (Fig. 5.40). Their ten- 
dons eross in the sole of the foot. 

Poplíteus. The popliteus is a thin, triangnlar mnsele 
that forms the inferior part of the floor of the popliteal fossa 

(Figs. 5.50, 5.51, 5.60A & F, and 5.62; Table 5.13.II). Proxi- 

mally, its tendinons attaehment to the lateral aspeet of the lat- 
eral femoral eondyle and its broader attaehment to the lateral 
menisens oeenr between the flbrons layer and the synovial 
membrane of the joint eapsnle of the knee. The apex of its 
fleshy belly emerges from the joint eapsnle of the knee joint. 
It has a fleshy distal attaehment to the tibia that is eovered by 
investing faseia reinforeed by a flbrons expansion from the 
semimembranosns mnsele (investing faseia of poplitens— 

Fig. 5.62). 
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FIGITRE 5.62. Deep disseetion of popliteal fossa and posterior knee joint. 
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The popliteus is insignifìeant as a fìexor of the knee joint 
per se; bnt dnring fìexion at the knee, it assists in pnlling the 
lateral menisens of the knee joint posteriorly, a movement 
othenvise produced passively by eompression (as it is for the 
medial menisens). When a person is standing with the knee 
partly fìexed, the poplitens eontraets to assist the posterior 
erneiate ligament (PCL) in preventing anterior displaeement 
of the femur on the inelined tibial platean (see Fig. 5.89C). 

The popliteus bursa lies deep to the poplitens tendon 
(Fig. 5.62). When standing with the knees loeked in the fnlly 
extended position, the poplitens aets to rotate the femur 
laterally 5° on the tibial plateans, releasing the knee from 
its elose-paeked or loeked position so that fìexion ean occur. 
When the foot is off the gronnd and the knee is fìexed, the 
poplitens ean aid the medial hamstrings (the “semimnseles”) 
in rotating the tibia medially beneath the femoral eondyles. 

Flexor Hallucís Longus. The flexor hallucis longus 
(FHL) is a powerful fìexor of all of the joints of the great toe 
(Fig. 5.63A). Immediately after the trieeps surae has delivered 
the thrust of plantarfìexion to the hall of thefoot (the prom- 
inenee of the sole nnderlying the heads of the Ist and 2nd 
metatarsals), the FHL delivers a fìnal thrnst via fìexion of the 
great toe for the preswing phase (toe off) of the gait eyele (see 
Fig. 5.20E; Table 5.2). When barefoot, this thrnst is delivered 
by the great toe; but with soled shoes on, it beeomes part of the 
thrnst of plantarfìexion delivered by the forefoot. 

The tendon of the FHL passes posterior to the distal end 
of the tibia and oeenpies a shallow groove on the posterior sur- 
faee of the talus, which is continuous with the groove on the 


plantar snrfaee of the sustentaculum tali (Figs. 5.60H-K and 
5.63A & B; Table 5.13.11). The tendon then erosses deep to the 
tendon of the fìexor digitornm longns in the sole of the foot. As 
it passes to the distal phalanx of the great toe, the FHL tendon 
runs between two sesamoid hones in the tendons of the fìexor 
hallneis brevis (Fig. 5.63B). These bones proteet the tendon 
from the pressnre of the head of the Ist metatarsal bone. 

To test the FHL, the distal phalanx of the great toe is fìexed 
against resistanee; if normal, the tendon ean be seen and pal- 
pated on the plantar aspeet of the great toe as it erosses the 
joints of the toe. 

Flexor Dígítorum Longus. The flexor digitorum lon- 

gus (FDL) is smaller than the FHL, even thongh it moves 

four digits (Figs. 5.60G-K, 5.61B, and5.63A & B; Table 5.13. 

H). It passes diagonally into the sole of the foot, snperfìeial 
to the tendon of the FHL. However, its direetion of pull is 
realigned by the quadratus plantae nvasele, which is attaehed 
to the posterolateral aspeet of the FDL tendon as it divides 
into four tendons (Figs. 5.60H and 5.63B), which in turn pass 
to the distal phalanges of the lateral four digits. 

To test the FDL, the distal phalanges of the lateral four 
toes are fìexed against resistanee; if they are aeting normally, 
the tendons of the toes ean be seen and palpated. 

Tíbíalís Posteríor. The tibialis posterior (TP), the 
deepest (most anterior) mnsele in the posterior eompartment, 
lies between the FDL and the FHL in the same plane as the 
tibia and fìbnla within the deep snbeompartment (Figs. 5.60J 
& K, 5.61B, and 5.63A & B; Table 5.13.11). Distally, the TP 

attaehes primarily to the navienlar bone (in elose proximity to 
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FIGIJRE 5.63. Dìsseetìon demonstratìng contìnuatìon of plantarflexor tendons. A. The foot is raised as in the push-off phase ofwalking, demonstrating 
the position ofthe plantarflexor tendons as they eross the ankle. Observe the sesamoid bone aeting as a “foot stool” for the 1st metatarsal, giving it extra 
height and proteeting the flexor hallucis longus tendon. B. This view demonstrates the disposition ofthe deep plantarflexor tendons in the sole of the foot. 
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the high point of the medial longitndinal areh of the foot) bnt 
has attaehments to other tarsal and metatarsal bones. 

The TP is traditionally deseribed as an invertor of the foot. 
Indeed, when the foot is off the gronnd, it ean aet synergisti- 
eally with the TA to invert the foot, their othenvise antagonis- 
tie fnnetions eaneeling eaeh other ont. However, the primary 
role of the TP is to snpport or maintain (fìx) the medial longi- 
tndinal areh dnring weight-bearing; eonsequently, the mns- 
ele eontraets statieally thronghont the stanee phase of gait 
(see Fig. 5.20A-E; Table 5.2; see also Fig. 5.103C & E). In so 
doing, it aets independently of the TA beeanse, onee the foot 
is fìat on the gronnd after heel strike, that mnsele is relaxed 
dnring the stanee phase (the dorsifìexion that oeenrs as the 
body passes over the planted foot is passive), nnless braking 
requires its eeeentrie eontraetion. 

While standing (espeeially on one foot), however, the two 
mnseles may eooperate to depress the lateral side of the foot 
and pnll medially on the leg as needed to eonnteraet lateral 
leaning for balanee. 

To test the TA, the foot is inverted against resistanee with 
the foot in slight plantarfìexion; if normal, the tendon ean be 
seen and palpated posterior to the medial malleolns. 


NERVES IN POSTERIOR GOMPARTMENT 

The tihial nerve (L4, L5, and S1-S3) is the larger of the two 
terminal branehes of the seiatie nerve (Fig. 5.57B; Table 
5.11). It rnns vertieally throngh the popliteal fossa with the 
popliteal artery, passing between the heads of the gastroene- 
mins, the two strnetnres exiting the fossa by passing deep to 
the tendinons areh of the solens (Fig. 5.61B). 

The tibial nerve snpplies all mnseles in the posterior eom- 

partment of the leg (Figs. 5.53A and 5.61B; Table 5.11). At the 

ankle, the nerve lies between the tendons of the FHL and the 
FDL. Postero-inferior to the medial malleolns, the tibial nerve 
divides into the medial and lateral plantar nerves. A braneh 
of the tibial nerve, the medial snral entaneons nerve, is nsn- 
ally joined by the snral eommnnieating hraneh of the eommon 
fihnlar nerve to form the snral nerve (see Figs. 5.49B, 5.50, and 
5.57). This nerve snpplies the skin of the lateral and posterior 
part of the inferior third of the leg and the lateral side of the foot. 
Artienlar branehes of the tibial nerve snpply the knee joint, and 
medial ealeaneal branehes snpply the skin of the heel. 


ARTERIES IN POSTERIOR GOMPARTMENT 

The posterior tibial artery, the larger and more direet ter- 
minal braneh of the popliteal artery, provides the blood snp- 
ply to the posterior eompartment of the leg and to the foot 

(Figs. 5.53A, 5.58, 5.61B, and 5.64; Table 5.12). It begins 

at the distal border of the poplitens, as the popliteal artery 
passes deep to the tendinons areh of the solens and simnlta- 
neonsly bifnreates into its terminal branehes. Glose to its ori- 
gin, the posterior tibial artery gives rise to its largest braneh, 
thefihnlar artery, which rnns lateral and parallel to it, also 
within the deep snbeompartment. 

Dnring its deseent, the posterior tibial artery is aeeompa- 
nied by the tibial nerve and veins. The artery rnns posterior to 
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FIGITRE 5.64. Arteries of knee, posterior leg, and sole of foot. 


the medial malleolns, from which it is separated by the ten- 
dons of the TP and FDL (Fig. 5.61B). Inferior to the medial 
malleolns, it rnns between the tendons of the FHL and FDL. 
Deep to the fìexor retinaenlnm and the origin of the abdnetor 
hallneis, the posterior tibial artery divides into medial and lat- 
eral plantar arteries, the arteries of the sole of the foot. 

The fibular (peroneal) artery, the largest and most 
important hraneh of the tihial artery, arises inferior to the 
distal border of the poplitens and the tendinons areh of the 

solens (Figs. 5.58A, 5.61B, and 5.64; Table 5.12). It deseends 

obliquely toward the fìbnla and passes along its medial side, 
nsnally within the FHL. The fìbnlar artery gives mnsenlar 
branehes to the poplitens and other mnseles in both the pos- 
terior and the lateral eompartments of the leg. It also gives 
rise to the natrient artery of the fibnla (Fig. 5.64). 

Distally, the fìbnlar artery gives rise to a perforating braneh 
and terminal lateral malleolar and ealeaneal branehes. The 
perforating braneh pierees the interosseons memhrane and 
passes to the dorsnm of the foot, where it anastomoses with the 
arenate artery. The lateral ealeaneal hranehes snpply the heel, 
and the lateral malleolar hraneh joins other malleolar branehes 
to form a peri-artienlar arterial anastomosis of the ankle. 

The circuniflex fibnlar artery arises from the origin of 
the anterior or posterior tibial artery at the knee and passes 
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laterally over the neek of the fibnla to the anastomoses 
aronnd the knee. 

The nutrient artery of tibia, the largest nntrient artery 
in the body, arises from the origin of the anterior or poste- 
rior tibial artery. It pierees the tibialis posterior, to which 
it snpplies branehes, and enters the nntrient foramen in 
the proximal third of the posterior snrfaee of the tibia (see 

Fig. 5.9). 


Surface Anatomy of Leg 

The tihial tnherosity is an easily palpable elevation on the 
anterior aspeet of the proximal part of the tibia, approxi- 
mately 5 em distal to the apex of the patella (Fig. 5.65A & B). 
This oval elevation indieates the level of the head of the fibnla 
and the bifnreation of the popliteal artery into the anterior 
and posterior tibial arteries. 
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FIGIJRE 5.65. Surface anatomy of the leg. A. Standing at ease. B and C. Knee is fìexed while weight-bearing. D. Extensors and fìexors of toes are being 
eontraeted simultaneously, demonstrating extensor tendons without elevating toes from ground. 
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The patellar ligament may be felt as it extends from the 
inferior border of the apex of the patella. It is most easily felt 
when the knee is extended. When the knee flexes to a right 
angle, a depression may be felt on eaeh side of the patellar 
ligament. The joint eavity is snperfleial in these depressions. 

The head of the fihnla is snbentaneons and may be pal- 
pated at the posterolateral aspeet of the knee, at the level of 
the tibial tnberosity (Fig. 5.65B & C). The neek of thefihnla 
ean be palpated jnst distal to the head. 

The tendon of the hieeps femoris may be traeed by pal- 
pating its distal attaehment to the lateral side of the head of 
the flbnla. This tendon and the head and neek of the flbnla 
gnide the examining flnger to the eommon fihnlar nerve 
(Fig. 5.61A). The nerve is indieated by a line along the bieeps 
femoris tendon, posterior to the head of the flbnla, and 
aronnd the lateral aspeet of the flbnlar neek to its anterior 
aspeet, jnst distal to the flbnlar head. Here it ean be rolled 
against the flbnlar neek with the flngertips. 

The anterior horder of the tihia is sharp, snbentaneons, 
and easily followed distally by palpation from the tibial tnber- 
osity to the medial malleolns (Fig. 5.65A-D). The medial 
snrfaee of the shaft of the tihia is also snbentaneons, except 
at its proximal end. Its inferior third is erossed obliquely by 
the great saphenons vein as it passes proximally to the medial 
aspeet of the knee. 

The tihialis anterior (TA) lies snperfleially and is easily 
palpable jnst lateral to the anterior border of the tibia 
(Fig. 5.65D). As the foot is inverted and dorsiflexed, the large 
tendon of the TA ean be seen and palpated as it rnns distally 
and slightly medially over the anterior snrfaee of the ankle joint 
to the medial side of the foot. If the Ist digit is dorsiflexed, the 
tendon of the EHL ean be palpated jnst lateral to the tendon of 
TA. The tendon of the EHB may also be visible. 

As the toes are extended, the tendons of the EDL ean be 
palpated lateral to the extensor hallneis longns and followed 


to the fonr lateral digits. The tendon of the FT may be pal- 
pable lateral to the tendons of the EDL, espeeially when the 
foot is dorsiflexed and everted. 

The shaft of the fihnla is snbentaneons only in its distal 
part, proximal to the lateral malleolns; this is the eommon 
site of fraetnres. The medial and lateral malleoli are snben- 
taneons and prominent. Palpate them, noting that the tip of 
the lateral malleolns extends farther distally and posteriorly 
than the medial malleolns. 

The fihnlaris longas (FL) is snbentaneons thronghont 
its eonrse (Fig. 5.65C). The tendons of this mnsele and the 
fihnlaris hrevis (FB) are palpable when the foot is everted as 
they pass aronnd the posterior aspeet of the lateral malleolns. 
These tendons may be followed anteriorly along the lateral 
side of the foot. The tendon of the FL rnns as far anteriorly as 
the enboid and then disappears by tnrning into the sole of the 
foot. The tendon of the FB may be traeed to its attaehment to 
the base of the 5th metatarsal. 

The ealeaneal tendon ean be easily followed to its attaeh- 
ment to the ealeaneal tnberosity, the posterior part of the 
ealeanens. The ankle joint is fairly snperfleial in the depres- 
sion on eaeh side of the ealeaneal tendon. The heads of the 
gastroenemins are easily reeognizable in the snperior part 
of the ealf of the leg (Fig. 5.65B & C). The solens ean be 
palpated deep to and at the sides of the snperior part of the 
ealeaneal tendon. The trieeps snrae (solens and gastroene- 
mins) is easy to palpate when the individnal is standing on 
the toes. The solens ean be distingnished from the gastroe- 
nemins dnring squatting (flexing the knees while standing on 
toes) beeanse flexion of the knee to approximately 90° makes 
the gastroenemins flaeeid; plantarflexion in this position is 
maintained by the solens. The deep mnseles of the posterior 
eompartment are not easily palpated, bnt their tendons ean 
be observed jnst posterior to the medial malleolns, espeeially 
when the foot is inverted and the toes are flexed. 


POPLITEAL FOSSA AND LEG 


Poplìteal Abseess and Tnmor 

Beeanse the deep popliteal faseia is strong and lim- 
its expansion, pain from an abseess or tnmor in the 
popliteal fossa is nsnally severe. Popliteal ahseesses 
tend to spread snperiorly and inferiorly beeanse of the tongh- 
ness of the popliteal faseia. 



Poplìteal Pulse 

Beeanse the popliteal artery is deep, it may be dif- 
flenlt to feel the popliteal pnlse. Palpation of this 
pnlse is eommonly performed with the person in 
the prone position with the knee flexed to relax the popliteal 
faseia and hamstrings. The pnlsations are best felt in the 



inferior part of the fossa where the popliteal artery is related 
to the tibia. Weakening or loss of the popliteal pnlse is a sign 
of a femoral artery obstrnetion. 


Poplìteal Aneurysm and Hemorrhage 

A popliteal anenrysm (abnormal dilation of all or 
part of the popliteal artery) nsnally eanses edema 
and pain in the popliteal fossa. A popliteal anenrysm 
may be distingnished from other masses by palpable pnlsa- 
tions (thrills) and abnormal arterial sonnds (hmits) deteet- 
able with a stethoseope. Beeanse the artery lies deep to the 
tibial nerve, an anenrysm may streteh the nerve or eompress 
its blood snpply {vasa vasornm). Pain from sneh nerve eom- 
pression is nsnally referred, in this ease to the skin overlying 
the medial aspeet of the ealf, ankle, or foot. 



ehapter 5 Lovver Limb 


605 


Because the popliteal artery is elosely applied to the pop- 
liteal surface of the femur and the joint eapsnle (Fig. 5.59), 
fraetnres of the distal femur or disloeations of the knee may 
rupture the artery, resulting in hemorrhage. Fnrthermore, 
beeanse of their proximity and eonfínement within the fossa, 
an injnry of the artery and vein may resnlt in an arteriovenons 
fistnla (eommnnieation between an artery and a vein). Fail- 
ure to reeognize these oeenrrenees and to aet promptly may 
resnlt in the loss of the leg and foot. 

If the femoral artery must be ligated, blood ean bypass the 
oeelnsion throngh the genienlar anastomosis and reaeh the 
popliteal artery distal to the ligation (see Fig. 5.52). 



Injury to Tìbìal Nerve 

Injnry to the tibial nerve is nneommon beeanse of 
its deep and proteeted position in the popliteal 
fossa; however, the nerve may be injnred by deep 
laeerations in the fossa. Posterior disloeation of the kneejoint 
may also damage the tibial nerve. Severanee of the tihial 
nerve prodnees paralysis of the fíexor mnseles in the leg and 
the intrinsie mnseles in the sole of the foot. People with a 
tibial nerve injnry are nnable to plantarfíex their ankle or fíex 
their toes. Loss of sensation also oeenrs on the sole of the 
foot. 


eontainment and Spread 
of eompartmental infeetions 
in the Leg 



The faseial eompartments of the lower limbs are 
generally elosed spaees, ending proximally and dis- 
tally at the joints. Beeanse the septa and deep faseia 
of the leg forming the bonndaries of the leg eompartments 
are strong, the inereased volnme consequent to infeetion with 
snppnration (formation of pus) inereases intraeompartmental 
pressnre. Infíammations within the anterior and posterior 
eompartments of the leg spread ehiefíy in a distal direetion; 
however, a purulent (pus-forming) infeetion in the lateral 
eompartment of the leg ean aseend proximally into the popli- 
teal fossa, presnmably along the eonrse of the fíbnlar nerve. 
Faseiotomy (ineision of faseia) may be neeessary to relieve 
pressnre and debride (serape away) poekets of infeetion. 



Tibialis Anterior Strain (Shin Splints) 

Shin splints —edema and pain in the area of the dis- 
tal two thirds of the tibia—resnlt from repetitive 
mierotranma of the tibialis anterior (TA; Fig. 5.56A) 
which eanses small tears in the periostenm eovering the shaft 
of the tibia and/or of fíeshy attaehments to the overlying deep 
faseia of the leg. Shin splints are a mild form of the anterior 
eompartment syndrome. Shin splints eommonly occur dur- 
ing tranmatie injnry or athletie overexertion of mnseles in the 
anterior eompartment, espeeially TA, by nntrained persons. 


Often persons who lead sedentary lives develop shin splints 
when they partieipate in long-distanee walks. 

Shin splints also occur in trained mnners who do not warm 
up and eool down snffíeiently. Mnseles in the anterior eompart- 
ment sweU from sndden ovemse, and the edema and mnsele- 
tendon infíammation rednee the blood fíow to the mnseles. The 
swollen mnseles are painfnl and tender to pressnre. 


Fibularis Muscles and Evolution 
of the Human Foot 



Whereas the feet of anthropoids (higher primates) 
are inverted so that they walk on the outer border of 
the foot, the feet of humans are relatively everted 
(pronated) so that the soles lie more fnlly on the gronnd. This 
pronation is the resnlt, at least in part, of the medial migra- 
tion of the distal attaehment of the fíbnlaris longns aeross the 
sole of the foot (Fig. 5.60K), and the development of a fíbu- 
laris tertius that is attaehed to the base of the 5th metatarsal. 
These features are unique to the human foot. 


Injury to Gommon Fibnlar Nerve 
and Footdrop 



Beeanse of its snperfíeial position, the eommonfihn- 
lar is the nerve most often injnred in the lotoer limh, 
mainly beeanse it winds subcutaneously around the 
fibnlar neek, leaving it vnlnerable to direet tranma 
(Fig. 5.57A). This nerve may also be severed dnring fraetnre 
of the fíbnlar neek, or severely stretehed when the knee joint 
is injnred or disloeated. Severanee of the eommon fihnlar 
nerve resnlts in fíaeeid paralysis of all mnseles in the anterior 
and lateral eompartments of the leg (dorsifíexors of ankle and 
evertors of foot). The loss of dorsifíexion of the ankle eanses 
footdrop, which is hirther exacerbated by nnopposed inver- 
sion of the foot. This has the effeet of making the limb “too 
longThe toes do not elear the gronnd dnring the swing 
phase of walking (Fig. B5.20A). 

There are several other eonditions that may resnlt in a 
lower limb that is “too long” fnnetionally, for example, pelvie 
tilt (see Fig. B5.18C) and spastie paralysis or eontraetion of 
the solens. There are at least three means of eompensating 
for this problem: 


1. A voaddling gait, in which the individnal leans to the side 
opposite the long limb, “hiking” the hip (Fig. B5.20B). 

2. A swing-out gait, in which the long limb is swung out 
laterally (abducted) to allow the toes to elear the ground 

(Fig. B5.20C). 

3. A high-stepping steppage gait, in which extra fíexion is 
employed at the hip and knee to raise the foot as high as nee- 
essary to keep the toes from hitting the gronnd (Fig. B5.20D). 


Beeanse the dropped foot makes it diffíenlt to make the 
heel strike the gronnd fírst as in a normal gait, a steppage 
gait is eommonly employed in the ease of fíaeeid paralysis. 
Sometimes an extra “kiek” is added as the free limb swings 
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FIGURE B5.20. 




fonvard in an attempt to flip the forefoot upward jnst before 
setting the foot down. 

The braking aetion normally prodneed by eeeentrie eon- 
traetion of the dorsiflexors is also lost in flaeeid paralysis foot- 
drop. Therefore, the foot is not lowered to the gronnd in a 
eontrolled manner after heel strike; instead the foot slaps the 
gronnd snddenly, prodneing a distinetive “elop, ” and greatly 
inereasing the shoek both reeeived by the forefoot and trans- 
mitted up the tibia to the knee. Individnals with a eommon 
flbnlar nerve injnry may also experienee a variable loss of 
sensation on the anterolateral aspeet of the leg and the dor- 
snm of the foot. 



Deep Fibular Nerve Entrapment 

Excessive nse of mnseles snpplied by the deep flbn- 
lar nerve (e.g., dnring skiing, rnnning, and daneing) 
may resnlt in mnsele injnry and edema in the ante- 
rior eompartment. This entrapment may eanse eompression 
of the deep flbnlar nerve and pain in the anterior eompart- 
ment. 

Gompression of the nerve by tight-fltting ski boots, for 
example, may oeenr where the nerve passes deep to the infe- 
rior extensor retinaenlnm and the extensor hallneis brevis 
see Fig 5.54A). Pain oeenrs in the dorsnm of the foot and 
nsnally radiates to the web spaee between the Ist and 2nd 
toes. Beeanse ski boots are a eommon eanse of this type of 
nerve entrapment, this eondition has been ealled the “ski 
boot syndrome”; however, the syndrome also oeenrs in soe- 
eer players and rnnners and ean also resnlt from tight shoes. 


Fabella in Gastroenemms 


elose to its proximal attaehment, the lateral head of 
the gastroenemins may eontain a sesamoid bone, 
the fabella (L., bean), which artienlates with the 
lateral femoral eondyle. The fabella is visible in lateral radio- 
graphs of the knee in 3-5% of people (Fig. B5.21). 



Femar 


Fabella 


Fibula 
Tibia - 



Lateral view 


Patella 


FIGURE B5.21. 


Galeaneal Tendìnìtis 


Snperfìeial Fibnlar Nerve Entrapment ^ Inflammation of the ealeaneal tendon eonstitntes 




9-18% of rnnning injnries. Mieroseopie tears of eol- 
ehronie ankle sprains may prodnee reenrrent lagen flbers in the tendon, partienlarlyjnst snperior 

stretehing of the snperfleial flbnlar nerve, which may to its attaehment to the ealeanens, resnlt in tendinitis, which 
eanse pain along the lateral side of the leg and the eanses pain dnring walking, espeeially when wearing rigid- 

dorsnm ofthe ankle and foot. Nnmbness donáparesthesia (tiek- soled shoes. Galeaneal tendinitis often oeenrs dnring repeti- 


ling or tingling) may be present and inerease with aetivity. 


tive aetivities, espeeially in individnals who take up rnnning 
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after prolonged inaetivity, or snddenly inerease the intensity 
of their training, bnt it may also resnlt from poor footwear or 
training snrfaees. 



Ruptured Galeaneal Tendon 

Rupture of the ealeaneal tendon is often snstained 
by poorly eonditioned people with a history of eal- 
eaneal tendinitis. The injnry is typieally experieneed 
as an andible snap dnring a foreefnl pnsh off (plantarflexion 
with the knee extended) followed immediately by sndden 
ealf pain and sndden dorsiflexion of the plantarflexed foot. 
In a eompletely rnptnred tendon, a gap is palpable, nsnally 
1-5 em proximal to the ealeaneal attaehment. The mnseles 
affeeted are the gastroenemins, solens, and plantaris. 

Galeaneal tendon rnptnre is probably the most severe 
aente mnsenlar problem of the leg. Individnals with this injnry 
eannot plantarflex against resistanee (eannot raise the heel 
from the gronnd or balanee on the affeeted side), and passive 
dorsiflexion (nsnally limited to 20° from nentral) is exeessive. 

Ambnlation (walking) is possible only when the limb is 
laterally (externally) rotated, rolling over the transversely 
plaeed foot dnring the stanee phase without pnsh off. Brnis- 
ing appears in the malleolar region, and a Inmp nsnally 
appears in the ealf owing to shortening of the trieeps snrae. 
In older or non-athletie people, non-snrgieal repairs are 
often adequate, bnt snrgieal intervention is nsnally advised 
for those with aetive lifestyles, sneh as tennis players. 



Galeaneal Tendon Reflex 

The ankle jerk reflex, or trieeps snrae reflex, is a 
ealeaneal tendon reflex. It is a myotatie reflex elie- 
ited while the person’s legs are dangling over the 
side of the examining table. The ealeaneal tendon is strnek 
briskly with a reflex hammer jnst proximal to the ealeanens 
(Fig. B5.22). The normal resnlt is plantarflexion of the ankle 
joint. The ealeaneal tendon reflex tests the S1 and S2 nerve 
roots. If the S1 nerve root is injnred or eompressed, the ankle 
reflex is virtnally absent. 



FIGURE B5.22. 


Absenee of Plantarflexion 



If the mnseles of the ealf are paralyzed, the ealea- 
neal tendon is rnptnred, or normal pnsh off is pain- 
fnl, a mneh less effeetive and effleient pnsh off 
(from the midfoot) ean still be aeeomplished by the aetions 
of the glntens maximus and hamstrings in extending the 
thigh at the hip joint and the quadrieeps in extending the 
knee. Beeanse pnsh off from the forefoot is not possible (in 
faet, the ankle will be passively dorsiflexed as the body’s 
weight moves anterior to the foot), those attempting to walk 
in the absenee of plantarflexion often rotate the foot as far 
laterally (externally) as possible dnring the stanee phase to 
disable passive dorsiflexion and allow a more effeetive pnsh 
off throngh hip and knee extension exerted at the midfoot. 



Gastrocnemìus Strain 

Gastroenemms strain (tennis leg) is a painfnl aente 
injnry resnlting from partial tearing of the medial 
belly of the gastroenemins at or near its mnsenlo- 
tendinons jnnetion, often seen in individnals older than 
40 years of age. It is eansed by overstretehing the mnsele by 
eoneomitant fnll extension of the knee and dorsiflexion of the 
ankle joint. IJsnally, an abrnpt onset of stabbing pain is fol- 
lowed by edema and spasm of the gastroenemins. 



Galeaneal Bursitis 

Galeaneal hnrsitis (retro-aehilles bnrsitis) resnlts 
from inflammation of the deep hursa of the ealea- 
neal tendon, loeated between the ealeaneal tendon 
and the snperior part of the posterior snrfaee of the ealeanens 
(Fig. B5.23). Galeaneal bnrsitis eanses pain posterior to the 
heel, and oeenrs eommonly dnring long-distanee rnnning, 
basketball, and tennis. It is eansed by exeessive frietion on 
the bnrsa as the tendon eontinnonsly slides over it. 



Galeaneal 

tendon 


Deep 

ealeaneal 

bursa 


FIGURE B5.23. 


Venous Return From Leg 



A venons plexus deep to the trieeps snrae is involved 
in the retnrn of blood from the leg. When a person 
is standing, the venons retnrn from the leg depends 
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largely on the mnsenlar aetivity of the trieeps snrae (see 
“Venons Drainage of Lower Limb,” p. 532). Gontraetion of 
the ealf mnseles pnmps blood snperiorly in the deep veins. 
The musculovenous pump is improved by the deep faseia 
that invests the mnseles like an elastie stoeking (p. 535). 


Aeeessory Soleus 

An aeeessory solens is present in approximately 3% 
of people (Fig. B5.24). The aeeessory mnsele nsn- 
ally appears as a distal belly medial to the ealeaneal 
tendon. Clinieally, an aeeessory solens may be assoeiated 
with pain and edema (swelling) dnring prolonged exereise. 




Posterior view 


Gastroenemias 

Soleus 


Aeeessory 

soleus 


Posterior Tìbial Pulse 



The posterior tihial pulse ean nsnally be palpated 
between the posterior snrfaee of the medial malleo- 
Ins and the medial border of the ealeaneal tendon 
(Fig. B5.25). Beeanse the posterior tibial artery passes deep 
to the flexor retinaenlnm, it is important when palpating this 
pnlse to have the person invert the foot to relax the retinaen- 
Inm. Failnre to do so may lead to the erroneons eonelnsion 
that a pnlse is absent. 

Both arteries are examined simnltaneonsly for equal- 
ity of foree. Palpation of the posterior tibial pnlses is 
essential for examining patients with occlusive periph- 
eral arterial disease. Althongh posterior tibial pnlses are 
absent in approximately 15% of normal yonng people, 
absenee of posterior tibial pnlses is a sign of oeelnsive 
peripheral arterial disease in people older than 60 years. 
For example, intermittent elandieation, eharaeterized by 
leg pain and eramps, develops dnring walking and disap- 
pears after rest. These eonditions resnlt from isehemia 
of the leg mnseles eansed by narrowing or oeelnsion of 
the leg arteries. 



Medial malleolus 
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FIGURE B5.24. 


FIGURE B5.25. 


The Bottom Lìne 


POPLITEAL FOSSA AND LEG 

Poplìteal fossa: The popliteal fossa is a fat-filled and rela- 
tively eonfined eompartment posterior to the knee that is 
traversed by all neurovascular structures passing between the 
thigh and the leg. ♦ The seiatie nerve bifijreates atthe apex 
of the fossa, with the eommon fibular nerve passing laterally 
along the bieeps tendon. ♦ The tibial nerve, popliteal vein, and 
popliteal artery biseet the fossa—in that order, from superficial 
(posterior) to deep (anterior). ♦ Genicular branehes of the 
popliteal artery form a peri-articular genicular anastomosis 
around the knee, providing eollateral circulation to maintain 
blood fìow in all positions of the knee. 


Anterìor eompartnnent of leg: The anterior eompart- 
ment, eonfined by mostly unyielding bones and membranes, 
is susceptible to eompartment syndromes. ♦ The eontained 
muscles are ankle dorsifìexors/toe extensors that are aetive in 
walking as they (1) eoneentrieally eontraet to raise the forefoot 
to elear the ground during the swing phase of the gait eyele and 
(2) eeeentrieally eontraet to lower the forefoot to the ground 
afterthe heel strike ofthe stanee phase. ♦ The deep fibular 
nerve and anterior tibial artery course within and supply the 
anterior eompartment. ♦ lnjury ofthe eommon ordeep fibular 
nerve results in footdrop. 
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Lateral eompartnnent of leg: The small lateral eompart- 
ment eontains the primary evertors of the foot and the super- 
fieial fibular nerve that supplies them. ♦ Because no artery 
courses within this eompartment, perforating branehes from 
the anterior tibial and fibular arteries (and their aeeompanying 
veins) penetrate the intermuscular septa to supply (and drain) 
blood. ♦ Eversion is used to support/depress the medial foot 
during the toe off of the stanee phase, and to resist inadvertent 
inversion, preventing injury. 

Posterior eompartment of leg: The posterior or plantar- 
flexor eompartment is subdivided by the transverse intermus- 
cularseptum into superficial and deep subcompartments. ♦ In 
the superficial subcompartment, the gastrocnemius and soleus 


muscles (trieeps surae) share a eommon tendon (the ealeaneal 
tendon, the body’s strongest tendon). ♦ The trieeps surae pro- 
vides the power of plantarflexion that propels the body in walk- 
ing, and plays a major role in running and Jumping via push off. 
♦ The deep muscles in the posterior eompartment augment the 
plantar flexor aetion through flexion ofthe digits and support 
of the longitudinal arehes of the foot. ♦ The eontents of the 
posterior eompartment are supplied by the tibial nerve and two 
arteries, the (medial) posterior tibial and fibular arteries. ♦ All 
three structures (tibial nerve and two arteries) course within 
the eonfined deep subcompartment, where swelling may have 
profound consequences forthe entire posterior eompartment, 
the distal lateral eompartment, and the foot. 


FOOT 


The elinieal importanee of the foot is indieated by the eonsid- 
erable amonnt of time primary eare physieians devote to foot 
problems. Podiatry is the speeialized fìeld that deals with the 
stndy and eare of the feet. 

The ankle refers to the narrovvest and malleolar parts 
of the distal leg, proximal to the dorsnm and heel of the 
foot, inelnding the ankle joint. The foot, distal to the ankle. 


provides a platform for snpporting the body when standing 
and has an important role in loeomotion. 

The skeleton of thefoot eonsists of 7 tarsals, 5 metatarsals, 
and 14 phalanges (Fig. 5.66). The foot and its bones may be 
eonsidered in terms of three anatomieal and fnnetional zones 

(see Fig. 5.11C,p. 523): 

• The hindfoot; talns and ealeanens. 

• The midfoot; navienlar, enboid, and enneiforms. 

• The forefoot; metatarsals and phalanges. 


Malleolus < 


Medial 


Inferior band of 
inferior extensor 
retinacuium 


*Ankie 

(taloemral 


Superior and 
inferior extensor 
retinacuia 





^Midfoot 


Talus 


HindfootK 


j3alcaneus 


Superior and 
inferior fibular 
retinacula 


Laterai view 



Lateral 


Great toe 

(L. hallux) 



Superior extensor 
retinacuium 


Superior band of 
inferior extensor 
retinacuium 

Talus 

Navicular 

Cuneiforms 


Metatarsais 


Great toe 


Piantar surface 


Littie (5th) toe 

(L. digitas minimas) 

Phalanges ^ 


Anterosuperior view 
of dorsum of foot 


MetatarsalsJ 


Forefoot 


FIGIJRE 5.66. Surfaces, parts, bones, and retinacula of ankle and foot. The disposition of the bones of the foot and the superior and inferior extensor 
and fibular retinacula relative to surface features are demonstrated. 
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The part/region of the foot eontaeting the floor or gronnd 
is the sole {plantar region, L. regìo plantaris). The part 
direeted snperiorly is the dorsnm of the foot (L. dorsnm 
pedis), or dorsal region of the foot (L. regio dorsalis pedis). 
The sole of the foot nnderlying the ealeanens is the heel or 
heel region (L. regio ealeanea), and the sole nnderlying the 
heads of the medial two metatarsals is the hall of the foot. 
The great toe (L. hallux) is also the Ist toe (digit of foot, 
L. digitns primns), and the little toe (L. digitus minimus) is 
also the 5th toe. 

Skìn and Faseìa of Foot 

Marked variations oeenr in the thiekness (strength) and 
texture of skin, snbentaneons tissne (snperfleial faseia), and 
deep faseia in relationship to weight-bearing and distribn- 
tion, gronnd eontaet (grip, abrasion), and the need for eon- 
tainment or eompartmentalization. 

SKIN AND SUBCUTANEOUS TISSUE 

The skin of the dorsum of thefoot is mneh thinner and less 
sensitive than skin on most of the sole. The suheutaneous tis- 
sue is loose deep to the dorsal skin; therefore, edema (swell- 
ing) is most marked over this snrfaee, espeeially anterior to 
and aronnd the medial malleolns. The skin over the major 
weight-bearing areas of the sole—the heel, lateral margin, 
and ball of the foot—is thiek. The snbentaneons tissne in the 
sole is more flbrons than in other areas of the foot. 

Fibrons septa—highly developed skin ligaments (L., reti- 
naenla entis)—divide this tissne into fat-fllled areas, making 
it a shoek-absorbing pad, espeeially over the heel. The skin 
ligaments also anehor the skin to the nnderlying deep faseia 
(plantar aponenrosis), improving the “grip” of the sole. The 
skin of the sole is hairless and sweat glands are nnmerons; 
the entire sole is sensitive (“tieklish”), espeeially the thinner- 
skinned area nnderlying the areh of the foot. 

DEEP FASeiA OF FOOT 

The deep faseia of the dorsum of thefoot is thin where it is 
eontinnons proximally with the inferior extensor retinaeulum 
(Fig. 5.67A). Over the lateral and posterior aspeets of the 
foot, the deep faseia is eontinnons with the plantar faseia, 
the deep faseia of the sole (Fig. 5.67B & C). The plantar faseia 
has a thiek eentral part and weaker medial and lateral parts. 

The thiek, eentral part of the plantar faseia forms the 
strong plantar aponenrosis, longitndinally arranged bnndles 
of dense flbrons eonneetive tissne investing the eentral plan- 
tar mnseles. It resembles the palmar aponenrosis of the palm 
of the hand bnt is tongher, denser, and elongated. 

The plantar faseia holds the parts of the foot together, 
helps proteet the sole from injnry, and helps to snpport the 
longitndinal arehes of the foot. 

The plantar aponenrosis arises posteriorly from the 
ealeanens and fnnetions like a snperfleial ligament. Distally, 
the longitndinal bnndles of eollagen flbers of the aponenrosis 


divide into flve bands that beeome eontinnons with the 
fibrons digital sheaths that enelose the flexor tendons that 
pass to the toes. At the anterior end of the sole, inferior to 
the heads of the metatarsals, the aponenrosis is reinforeed by 
transverse flbers forming the snperfieial transverse meta- 
tarsal ligament. 

In the midfoot and forefoot, vertieal intermuseular septa 
extend deeply (snperiorly) from the margins of the plantar 
aponenrosis toward the Ist and 5th metatarsals, forming the 
three eompartments of the sole (Fig. 5.67C): 

1. The medial eompartment of the sole is eovered snper- 
fleially by thinner medial plantar faseia. It eontains the 
abdnetor hallneis, flexor hallneis brevis, the tendon of the 
flexor hallneis longns, and the medial plantar nerve and 
vessels. 

2. The eentral eompartment of the sole is eovered snper- 
fleially by the dense plantar aponenrosis. It eontains the 
flexor digitornm brevis, the tendons of the flexor hallneis 
longns and flexor digitornm longns, plns the mnseles asso- 
eiated with the latter, the quadratus plantae and Inmbri- 
eals, and the addnetor hallneis. The lateral plantar nerve 
and vessels are also loeated here. 

3. The lateral eompartment of the sole is eovered snper- 
fleially by the thinner lateral plantar faseia and eontains 
the abdnetor and flexor digiti minimi brevis. 

In the forefoot only, a fonrth eompartment, the inter- 
osseons eompartment of the foot, is snrronnded by the 
plantar and dorsal interosseons faseias. It eontains the meta- 
tarsals, the dorsal and plantar interosseons mnseles, and the 
deep plantar and metatarsal vessels. Whereas the plantar 
interossei and plantar metatarsal vessels are distinetly plantar 
in position, the remaining strnetnres of the eompartment are 
loeated intermediate between the plantar and dorsal aspeets 
of the foot. 

A flfth eompartment, the dorsal eompartment of the 
foot, lies between the dorsal faseia of the foot and the tarsal 
bones and the dorsal interosseons faseia of the midfoot and 
forefoot. It eontains the mnseles (extensors hallneis brevis 
and extensor digitornm brevis) and nenrovasenlar strnetnres 
of the dorsnm of the foot. 

Muscles of Foot 

Of the 20 individnal mnseles of the foot, 14 are loeated on 
the plantar aspeet, 2 are on the dorsal aspeet, and 4 are inter- 
mediate in position. From the plantar aspeet, mnseles of the 
sole are arranged in fonr layers within fonr eompartments. 
The mnseles of the foot are illnstrated in Fignres 5.68A-J 
and 5.69; their attaehments, innervation, and aetions are 
deseribed in Table 5.14. 

Despite their eompartmental and layered arrangement, 
the plantar mnseles fnnetion primarily as a gronp dnring the 
snpport phase of stanee, maintaining the arehes of the foot 
(see Fig 5.20B-E; Table 5.2). They basieally resist forees that 
tend to rednee the longitndinal areh as weight is reeeived at 
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(anterolateral view) 
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(B) Sole of foot (plantar aspeet) 
(inferior view) 


FIGIJRE 5.67. Faseia and eompartments of foot. A. The skin and subcutaneous tissue have been removed to demonstrate the deep faseia of the leg and 
dorsum of the foot. B. The deep plantar faseia eonsists of the thiek plantar aponeurosis and the thinner medial and lateral plantar faseia. Thinner parts 
of the plantar faseia have been removed, revealing the plantar digital vessels and nerves. C. The bones and muscles of the foot are surrounded by the deep 
dorsal and plantar faseia. A large eentral and smaller medial and lateral eompartments ofthe sole are ereated by intermuscular septa that extend deeply 
from the plantar aponeurosis. 


the heel (posterior end of the areh) and then transferred to 
the ball of the foot and great toe (anterior end of the areh). 

The mnseles beeome most aetive in the later portion of the 
movement to stabilize the foot for propnlsion (pnsh off), a time 
when forees also tend to flatten the foot’s transverse areh. Con- 
enrrently, they are also able to reflne fnrther the efforts of the 
long mnseles, prodneing snpination and pronation in enabling 
the platform of the foot to adjnst to nneven gronnd. 

The mnseles of the foot are of little importanee individnally 
beeanse flne eontrol of the individnal toes is not important to 
most people. Rather than prodneing aetnal movement, they 
are most aetive in flxing the foot or in inereasing the pressnre 
applied against the gronnd by varions aspeets of the sole or 
toes to maintain balanee. 


Althongh the addnetor hallneis resembles a similar 
mnsele of the palm that addnets the thnmb, despite its 
name the addnetor hallneis is probably most aetive dnr- 
ing the pnsh-off phase of stanee in pnlling the lateral fonr 
metatarsals toward the great toe, flxing the transverse 
areh of the foot, and resisting forees that would spread 
the metatarsal heads as weight and foree are applied to the 
forefoot (Table 5.2). 

In Table 5.14, note that the: 

• Plantar interossei ADdnet (PAD) and arise from a single 
metatarsal as nnipennate mnseles. 

• Dorsal interossei ABdnet (DAB) and arise from two 
metatarsals as bipennate mnseles. 
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FIGIJRE 5.68A-C. Muscles of foot: Ist and 2nd layers of sole. 


TABLE 5.14.1. MUSCLES OF FOOT: IST AND 2ND LAYERS OF SOLE 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetìon'^ 

Ist layer 

Abductor hallucis 

Flexor digitorum 
brevis 

Abductor digiti 
minimi 

Medial tubercle of tuberosity of eal- 
caneus; flexor retinaculum; plantar 
aponeurosis 

Medial side of base of 
proximal phalanx of 
Istdigit 

Medial plantar nerve 
(S2, 53) 

Abducts and flexes Istdigit 
(greattoe, hallux) 

Medial tubercle of tuberosity of 
calcaneus; plantar aponeurosis; 
intermuscular septa 

Both sides of middle 
phalanges of lateral 
four digits 

Medial plantar nerve 
(S2, 53) 

Flexes lateral four digits 

Medial and lateral tubercles of 
tuberosity ofcalcaneus; plantar 
aponeurosis; intermuscularsepta 

Lateral side of base of 
proximal phalanx of 

5th digit 

Lateral plantar nerve 
(S2, 53) 

Abducts and flexes little toe 
(5th digit) 

2nd iayer 

Quadratus 

piantae 

Lumbricais 

Medial surface and lateral margin 
of plantar surface of calcaneus 

Posterolateral margin 
of tendon of flexor 
digitorum longus 

Lateral plantar nerve 
(S2, 53) 

Assists flexor digitorum lon- 
gus in flexing lateral 
fourdigits 

Tendons of flexordigitorum longus 

Medial aspeetof 
expansion over lateral 
fourdigits 

Medial one: medial 
plantar nerve (52, 53) 

Flex proximal phalanges, 
extend middle and distal 
phalanges of lateral four 
digits 

Lateral three: lateral 
plantar nerve (52, 53) 


®The spinal eord segmental innervation is indieated (e.g., "52, 53"means thatthe nerves sopplying the abdoetor halloeis are derived from the seeond and third 
saeral segments of the spinal eord). Damage to one or more of the listed spinal eord segments or to the motor nerve roots arising from them resolts in paralysis of 
the moseles eoneerned. 

b Despite individoal aetions, the primary fonetion of the intrinsie moseles of the sole of the foot is to resistflattening or maintain the areh of the foot. 
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FIGIJRE 5.68D-G. Muscles of foot: 3rd and 4th layers of sole. 


TABLE 5.14.11. MUSCLES OF FOOT: 3RD AND 4TH LAYERS OF SOLE 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion*’ 

3rd layer 

Flexor hallucis 
brevis 

Adductor haiiucis 

Fiexor digit min- 
imi brevis 

Plantarsurfaces of cuboid 
and lateral cuneiforms 

Both sides of base of proxi- 
mal phalanx of Istdigit 

Medial plantar nerve 
(S2, S3) 

Flexes proximal phalanx of 
Ist digit 

Oblique head: bases of meta- 
tarsals 2-4 

Tendons of both heads attaeh 
to lateral side of base of 
proximal phalanx of Ist digit 

Deep braneh of lateral 
plantar nerve (S2, S3) 

Traditionally said to adduct 
Ist digit; assists in trans- 
verse areh offoot by meta- 
tarsals medially 

Transverse head: plantarliga- 
ments of metatarsophalangeal 
(MTP) joints 

Base of 5th metatarsal 

Base of proximal phalanx of 

5th digit 

Superficial braneh of 
lateral plantar nerve 
(S2, S3) 

Flexes proximal phalanx of 
5th digit, thereby assisting 
with its flexion 

4th iayer 

Piantar interossei 

(three muscles) 

Dorsai interossei 

(four muscles) 

P lantar aspeet of medial sides 
of shafts of metatarsals 3-5 

Medial sides of bases of pha- 
langes of 3rd-5th digits 

Lateral plantar nerve 
(S2, S3) 

Adductdigits 3-5 and flex 
metatarsophalangeal joints 

Adjaeentsides of shafts of 
metatarsals 1-5 

Ist: medial side of proximal 
phalanx of 2nd digit; 

Abductdigits 2-4 and flex 
metatarsophalangeal joints 

2nd-4th: lateral sides of 
2nd-4th digits 


^The spinal eorei segmental innervation is ineiieateei (e.g., "52, 53" means thatthe nerves sopplying the flexor halloeis brevis are eieriveei from the seeonei anei thirei 
saeral segments of the spinal eorei). Damage to one or more of the listeei spinal eorei segments or to the motor nerve roots arising from them resolts in paralysis of the 
moseles eoneerneei. 

^ Despite ineiivieioal aetions, the primary fonetion of the intrinsie moseles of the sole of the foot is to resistflattening or maintain the areh of the foot. 
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FIGIJRE 5.68H-J. Muscles of foot: dorsum of foot. 


TABLE 5.14.III. MUSCLES OF FOOT: DORSUM OF FOOT 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Extensor 
digitorum brevis 

Calcaneus (floorof tarsal sinus); 
interosseous taloealeaneal liga- 
ment; stem of inferior extensor 
retinaculum 

Long extensor tendons 
of four medial digits 
(toes 2-4) 

Deep fibular 
nerve (L5 or 51, 
or both) 

Aids the extensor digitorum longus 
in extending the four medial toes 
atthe metatarsophalangeal and 
interphalangeal joints 

Extensor haiiucis 
brevis 

In eommon with extensordigitorum 
brevis (above) 

Dorsal aspeet of base 
of proximal phalanx of 
greattoe (digit 1) 

Aids the extensor hallucis longus 
in extending the greattoe atthe 
metatarsophalangeal joint 


^The spinal eord segmental innervation is indieated (e.g., "L5 or 51" means thatthe nerve sopplying the extensor digitorom brevis is derived from either the fifth 
lumbar segmentorfirstsaeral segmentofthe spinal eord). Damage to one ormore ofthe listed spinal eord segments orto the motor nerve roots arising from them 
results in paralysis of the muscles eoneerned. 


There are two neurovascular planes between the mnsele 

layers of the sole of the foot (Figs. 5.69 and 5.70B): (1) a 
snperfieial one between the Ist and the 2nd mnsenlar layers 
and (2) a deep one between the 3rd and the 4th mnsenlar 
layers. The tihial nerve divides posterior to the medial mal- 
leolns into the medial and lateral plantar nerves (Figs. 5.61B, 
5.71, and 5.72; Table 5.15). These nerves snpply the intrinsie 
mnseles of the plantar aspeet of the foot. 

The medial plantar nerve eonrses within the medial eom- 
partment of the sole between the Ist and 2nd mnsele layers. 
Initially, the lateral plantar nerve (and artery) rnn laterally 
between the mnseles of the Ist and 2nd layers of plantar 
mnseles (Figs. 5.69C and 5.70B). Their deep branehes then 
pass medially between the mnseles of the 3rd and 4th layers 

(Fig. 5.70B). 

Two elosely eonneeted mnseles on the dorsnm of the foot 

are the extensor digitornm brevis (EDB) and extensor 

hallneis brevis (EHB) (Figs. 5.54A & B and 5.56A). The 
EHB is aetnally part of the EDB. These thin, broad mnseles 
form a fieshy mass on the lateral part of the dorsnm of the 
foot, anterior to the lateral malleolns. Its small fieshy belly 
may be felt when the toes are extended. 


Neurovascular Structures 
and Relationships in Foot 


NERVES OF FOOT 

The entaneons innervation of thefoot is snpplied (Fig. 5.72; 
Table5.15): 

Medially by the saphenons nerve, which extends distally to 
the head of Ist metatarsal. 

Snperiorly (dorsnm of foot) by the snperfeial (primarily) 
and deepfihnlar nerves. 

Inferiorly (sole of foot) by the medial and lateral plan- 
tar nerves; the eommon border of their distribntion 
extends along the 4th metaearpal and toe or digit. (This 
is similar to the pattern of innervation of the palm of 
the hand. 

Laterally by the snral nerve, inelnding part of the 
heel. 

Posteriorly (heel) hy medial and lateral ealeaneal hranehes 
of the tibial and snral nerves, respeetively. 


(text eontinnes onp. 617) 
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FIGITRE 5.69. Layers of plantar muscles. A. The 1 st layer eonsists ofthe abdnetors ofthe large and small toes and the short flexor ofthe toes. B. The 2nd 
layer eonsists of the long fìexor tendons and assoeiated muscles: four lumbricals and the quadratus plantae. C. The 3rd layer eonsists of the fìexor of the little 
toe and the fìexor and adductor of the great toe. Also demonstrated are the neurovascular structures that course in a plane between the 1 st and 2nd layers. 
D. The 4th layer eonsists of the dorsal and plantar interosseous muscles. 





























616 


ehapter 5 Lovver Limb 


Perforating 

branehes 


Superficial 

areh 


Medìal plantar 


artery 

Lateral plantar 
artery 

Posterior 
tibial artery 


Galeaneal 

braneh 


(A) 



Plantar digital 
arteries proper 


Deep plantar artery-from 

dorsalis pedis artery 


Plantar metatarsal 
arteries 


Deep plantar areh 


Dorsalis pedis artery 


Layers: 


Ist 

2nd 

3rd 

^th’* 


Transverse head of 
adductor hallucis 


The interosseous muscles 
that constitute the 4th layer 
are not shown in (A) and 
(B), the 4th layer being 
represented only indireetly 
by the metatarsal bones to 
which the interossei attaeh. 


Flexor hallucis brevis 


Abductor 
hallucis 

Oblique head of 
adductor hallucis 


Flexor 
digitorum 
brevis 


Sehema 



Interosseous muscles 



Deep plantar 
artery 


Perforating 

branehes 


Deep braneh 
of lateral 
plantar nerve 


Deep plantar 
areh 


Medial plantar 
artery 


Lumbrical 

muscles 


Lateral plantar 
artery and nerve 

Flexor digiti minimi 


Flexor hallucis 
longus (FHL) tendon 

Posterior 
tibial artery 


Flexor digitorum 
longus (FDL) tendon 


Quadratus plantae 
muscles 

Abductor digiti 


(B) 


FIGIJRE 5.70. Arteries and muscle layers of foot. A and B. The posterior tibial artery terminates as it enters the foot by eJivieding into the medial and 
lateral plantar arteries. Observe the distal anastomoses of these vessels vvith the deep plantar artery from the dorsal artery of the foot and the perforating 
branehes to the arcuate artery on the dorsum of the foot (see Fig. 5.73). Note that the plantar arteries enter and run in the plane betvveen the 1 st and 
the 2nd layers, vvith the lateral plantar artery passing from medial to lateral. The deep branehes of the artery then pass from lateral to medial betv\/een 
the 3rd and the 4th layers. 











































ehapter 5 Lovver Limb 


617 



Dorsalis pedis 
artery 


(A) Medial view 


Abductor hallucis 
(retraeted) 

Quadratus plantae 
Osseofibrous tunnel 


Anterior tibial artery 

Medial plantar artery 

and nerve 


Posterior 
tibial artery 


Flexor 

retinaculunn 


Medial ealeaneal 
arteries and nerves 


Lateral plantar artery 

and nerve 


Dorsal branehes 


(B) 


Plantar digital 
artery 


Metatarsal 

Dorsal metatarsal artery 

Arcuate 
artery 

Navicular 



Perforating 

artery 


Cuneifornn 


Plantar arterial areh 


Plantar metatarsal artery 


FIGITRE 5.71. Arteries of foot: branehing and communicating. A. 

Branehing of the parent neurovascular structures that give rise to plantar 
vessels and nerves. B. The arteries of the midfoot and forefoot resemble 
those ofthe hand in that (1) arehes on the two aspeets give rise to meta- 
tarsal (metaearpal) arteries, which in turn give rise to digital arteries; (2) 
the dorsal arteries are exhausted before reaehingthe distal ends ofthe toes 
or digits, so the plantar (palmar) digital arteries send branehes dorsally to 
supply the distal dorsal aspeets ofthe digits, includingthe nail beds; and 
(3) perforating branehes extend between the metatarsals (metaearpals) 
forming anastomoses between the arehes of eaeh side. 


Saphenous Nerve. The saphenons nerve is the longest 
and most widely distribnted entaneons braneh of the femo- 
ral nerve; it is the only braneh to extend beyond the knee 

(Fig. 5.72A; Table 5.15; see also Fig. 5.74B). In addition to 

snpplying the skin and faseia on the anteromedial aspeet of the 
leg, the saphenons nerve passes anterior to the medial mal- 
leolns to the dorsnm of the foot, vvhere it snpplies artienlar 
branehes to the ankle joint and eontinnes to snpply skin along 
the medial side of the foot as far anteriorly as the head of the 
Ist metatarsal. 

Superfìcíal and Deep Fìbular Nerves. After eonrsing 
betvveen and snpplying the fibnlar mnseles in the lateral eom- 
partment of the leg, the snpeffieial fihnlar nerve emerges as 
a entaneons nerve abont two thirds of the way down the leg. 
It then snpplies the skin on the anterolateral aspeet of the 


leg and divides into the medial and intermediate dorsal 
entaneons nerves, which eontinne aeross the ankle to snp- 
ply most of the skin on the dorsnm of the foot. Its terminal 
branehes are the dorsal digital nerves (eommon and proper) 
that snpply the skin of the proximal aspeet of the medial half 
of the great toe and that of the lateral three and a half digits. 

After snpplying the mnseles of the anterior eompartment 
of the leg, the deepfihnlar nerve passes deep to the extensor 
retinaenlnm and snpplies the intrinsie mnseles on the dor- 
snm of the foot (extensors digitornm and hallneis longns) and 
the tarsal and tarsometatarsal joints. When it finally emerges 
as a entaneons nerve, it is so far distal in the foot that only a 
small area of skin remains available for innervation: the web 
of skin between and eontignons sides of the Ist and 2nd toes. 
It innervates this area as the Ist eommon dorsal (and then 
proper dorsal) digital nerve(s). 

Medíal Plantar Nerve. The medial plantar nerve, the 
larger and more anterior of the two terminal branehes of the 
tibial nerve, arises deep to the fiexor retinaenlnm. It enters the 
sole of the foot by passing deep to the abdnetor hallneis (AH) 
(Figs. 5.69C and 5.71A). It then rnns anteriorly between the 
AH mnsele and the fiexor digitornm brevis (FDB), snpplying 
both with motor branehes on the lateral side of the medial plan- 
tar artery (Fig. 5.69A & C). After sending motor branehes to 
the fiexor hallneis brevis (FHB) and Ist inmbrieal mnsele, the 
medial plantar nerve terminates near the bases of the metatar- 
sals by dividing into three sensory branehes {eommon plantar 
digital nerves). These branehes snpply the skin of the medial 
three and a half digits (inelnding the dorsal skin and nail beds of 
their distal phalanges), and the skin of the sole proximal to them. 
Compared to the other terminal braneh of the tibial nerve, the 
medial plantar nerve snpplies more skin area bnt fewer mnseles. 
Its distribntion to both skin and mnseles of the foot is eompa- 
rable to that of the median nerve in the hand. 

Lateral Plantar Nerve. The lateral plantar nerve, 
the smaller and more posterior of the two terminal branehes 
of the tibial nerve, also eonrses deep to the AH (Fig. 5.71A), 
bnt rnns anterolaterally between the Ist and 2nd layers of 
plantar mnseles, on the medial side of the lateral plantar 
artery (Fig. 5.69C). The lateral plantar nerve terminates as 
it reaehes the lateral eompartment, dividing into snperfieial 

and deep branehes (Fig. 5.72B; Table 5.15). 

The snperfieial hraneh divides, in tnrn, into two plantar 
digital nerves (one eommon and one proper) that snpply 
the skin of the plantar aspeets of the lateral one and a half 
digits, the dorsal skin and nail beds of their distal phalanges, 
and skin of the sole proximal to them. The deep hraneh of the 
lateral plantar nerve eonrses with the plantar arterial areh 
between the 3rd and the 4th mnsele layers. 

The snperfieial and deep branehes of the lateral plantar 
nerve snpply all mnseles of the sole not snpplied by the medial 
plantar nerve. Compared to the medial plantar nerve, the lat- 
eral plantar nerve snpplies less skin area bnt more individnal 
mnseles. Its distribntion to both skin and mnseles of the foot is 
eomparable to that of the nlnar nerve in the hand (Chapter 6). 
The medial and lateral plantar nerves also provide innervation 
to the plantar aspeets of all the joints of the foot. 
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(A) Dorsal view 
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(B) Plantar view 
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FIGITRE 5.72. Nerves of foot. 


TABLE5.15. NERVES OF FOOT 


Nerve® 

Origin 

Course 

Distribution in Foot 

Saphenous (1) 

Femoral nerve 

Arises in femoral triangle and deseends 
through thigh and leg; aeeompanies great 
saphenous vein anteriorto medial malleolus; 
ends on medial side of foot 

Supplies skin on medial side of footas far 
anteriorly as head of Ist metatarsal 

Superficial 
fibular (2) 

Gommon fibular nerve 

P ierees deep faseia in distal third of leg to 
beeome cutaneous; then sends branehes to 
footand digits 

Supplies skin on dorsum of footand 
all digits, except lateral side of 5th and 
adjoining sides ofthe Istand 2nd digits 

Deep fibular (3) 

Passes deep to extensor retinaculum to enter 
dorsum of foot 

Supplies extensordigitorum brevis and skin 
on contiguous sides of Istand 2nd digits 

Medial plantar (4) 

Largerterminal braneh of 
tibial nerve 

Passes distally in foot betvveen abductor hal- 
lucis and flexordigitorum brevis; divides into 
muscularand cutaneous branehes 

Supplies skin of medial side of sole of 
footand sides offirstthree digits; also 
supplies abductor hallucis, flexor digito- 
rum brevis, flexor hallucis brevis, and first 
lumbrical 

Lateral plantar (5) 

Smallerterminal braneh of 
tibial nerve 

Passes laterally in foot betvveen quadratus 
plantae and flexor digitorum brevis muscles; 
divides into superficial and deep branehes 

Supplies quadratus plantae, abductor 
digiti minimi, digiti minimi brevis; deep 
braneh supplies plantarand dorsal inter- 
ossei, lateral three lumbricals, and adduc- 
tor hallucis; supplies skin on sole lateral 
to a line splitting 4th digit 

Sural (6) 

Usually arises from 
branehes of both tibial and 
eommon fibular nerves 

Passes inferior to the lateral malleolus to 
lateral side of foot 

Lateral aspeet of hindfoot and midfoot 

Galeaneal 
branehes (7) 

Tibial and sural nerves 

Pass from distal partofthe posterior aspeet 
of leg to skin on heel 

Skin of heel 


^Nambers referto Figure 5.72. 
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Sural Nerve. The sural nerve is formed by union of the 
medìal snral cutaneous nerve (from the tibial nerve) andsnra/ 
eommnnieating hraneh of the eommonfihnlar nerve, respee- 
tively (see Fig. 5.57B; Table 5.11). The level of junction of 
these branehes is variable; it may be high (in the popliteal 
fossa), or low (proximal to heel). Sometimes the branehes 
do not join and, therefore, no snral nerve is formed. In these 
people, the skin normally innervated by the sural nerve is 
snpplied by the medial and lateral snral cutaneous branehes. 
The snral nerve aeeompanies the small saphenons vein and 
enters the foot posterior to the lateral malleolns to snpply 
the ankle joint and skin along the lateral margin of the foot 

(Fig. 5.72A; Table5.15). 

ARTERIES OF FOOT 

The arteries of the foot are terminal branehes of the anterior 
and posterior tibial arteries (Figs. 5.71A and 5.73), respee- 
tively: the dorsalis pedis and plantar arteries. 

Dorsalís Pedìs Artery. Often a major sonree of blood 
snpply to the forefoot (e.g., dnring extended periods of stand- 
ing), the dorsalis pedis artery (dorsal artery of foot) is the 
direet eontinnation of the anterior tihial artery. The dorsalis 
pedis artery begins midway between the malleoli and runs 


anteromedially, deep to the inferior extensor retinaculum 
between the extensor hallneis longns and the extensor digi- 
torum longus tendons on the dorsnm of the foot. 

The dorsalis pedis artery passes to the first interosse- 
ous spaee, where it divides into the Ist dorsal metatarsal 
artery and a deep plantar artery. The latter passes deeply 
between the heads of the first dorsal interosseons mnsele to 
enter the sole of the foot, where it joins the lateral plantar 
artery to form the deep plantar areh. The eonrse and des- 
tination of the dorsal artery and its major eontinnation, the 
deep plantar artery, are eomparable to the radial artery of 
the hand, which eompletes a deep arterial areh in the palm. 

The lateral tarsal artery, a braneh of the dorsalis pedis 
artery, runs laterally in an arehed eonrse beneath the EDB 
to snpply this mnsele and the nnderlying tarsals and joints. It 
anastomoses with other branehes, such as the arcuate artery. 

The Ist dorsal metatarsal artery divides into branehes 
that snpply both sides of the great toe and the medial side of 
the 2nd toe. 

The arcuate artery runs laterally aeross the bases of 
the lateral four metatarsals, deep to the extensor tendons, 
to reaeh the lateral aspeet of the forefoot, where it may 
anastomose with the lateral tarsal artery to form an arte- 
rial loop. The arenate artery gives rise to the 2nd, 3rd, and 


Perforating braneh 
of fibular artery 


Anterior lateral 
malleolar artery 


Lateral tarsal artery 


Arcuate artery 


Perforating 
branehes of deep 
plantar areh 


2nd dorsal 
metatarsal artery 



Anterior tibial 
artery 


Anterior medial 
malleolar artery 


Dorsalis pedis 
artery (dorsal 
artery of foot) 


Medial tarsal 
artery 


Deep plantar 
artery (to 

deep plantar 



Ist dorsal 

metatarsal 

artery 


Dorsal digital 
arteries 



Plantar digital arteries 


Plantar metatarsal 
arteries 

Superficial braneh 
Superficial plantar areh 


Deep plantar artery 


Deep plantar areh 


Perforating branehes 


Deep branehes 


Medial plantar artery 


Lateral plantar artery 


Posterior tibial artery 

Galeaneal branehes 


(A) Dorsum of foot 


(B) Plantar aspeet of foot 


FIGIJRE 5.73. Arteries of foot: overview. A. The anterior tibial artery beeomes the dorsalis pedis artery when it erosses the talocrural joint. B. The medial 
and lateral plantar arteries are terminal branehes of the posterior tibial artery. The deep plantar artery and perforating branehes of the deep plantar areh 
provide anastomoses between the dorsal and the plantar arteries. 
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4th dorsal metatarsal arteries. These vessels mn distally 
to the elefts of the toes and are eonneeted to the plantar areh 
and the plantar metatarsal arteries by perforating hranehes 

(Figs. 5.70A & B, 5.71B, and 5.73A & B). Distally, eaeh 

dorsal metatarsal artery divides into two dorsal digital 
arteries for the dorsal aspeet of the sides of adjoining toes 
(Fig. 5.73A); however, these arteries generally end proxi- 
mal to the distal interphalangeal joint (Fig. 5.71B), and are 
replaeed by or reeeive replenishment from dorsal branehes 
of the plantar digital arteries. 

ARTERIES OF SOLE OF FOOT 

The sole of the foot has a prolifie blood snpply from the pos- 
terior tibial artery, which divides deep to the fiexor retinaen- 

Inm (Figs. 5.69A, 5.71A, and 5.73B). The terminal branehes 

pass deep to the ahdnetor hallneis (AH) as the medial and 
lateral plantar arteries, which aeeompany the similarly 
named nerves. 

Medìal Plantar Artery. The medial plantar artery is 

the smaller terminal braneh of the posterior tibial artery. It 
gives rise to a deep braneh (or branehes) that snpplies mainly 
mnseles of the great toe. The larger snperfieial braneh of the 
medial plantar artery snpplies the skin on the medial side 
of the sole and has digital branehes that aeeompany digital 
branehes of the medial plantar nerve, the more lateral of 
which anastomose with medial plantar metatarsal arteries. 
Oeeasionally, a snperfìeial plantar areh is formed when the 
snperfieial braneh anastomoses with the lateral plantar artery 
or the deep plantar areh (Fig. 5.73B). 

Lateral Plantar Artery. The lateral plantar artery, 
mneh larger than the medial plantar artery, arises with and 
aeeompanies the nerve of the same name (Figs. 5.69C, 
5.70B, 5.71A, and 5.73B). It rnns laterally and anteriorly, at 
first deep to the AH and then between the FDB and quadra- 
tns plantae. 

The lateral plantar artery arehes medially aeross the foot 
with the deep braneh of the lateral plantar nerve to form the 
deep plantar areh, which is eompleted by nnion with the 
deep plantar artery, a braneh of the dorsalis pedis artery. As it 
erosses the foot, the deep plantar areh gives rise to fonr plan- 
tar metatarsal arteries; three perforating hranehes; and 
many branehes to the skin, faseia, and mnseles in the sole. 
The plantar metatarsal arteries divide near the base of the 
proximal phalanges to form the plantar digital arteries, 
snpplying adjaeent digits (toes); the more medial metatar- 
sal arteries are joined by snperfieial digital branehes of the 
medial plantar artery. The plantar digital arteries typieally 
provide most of the blood reaehing the distal toes, inelnding 
the nail bed, via perforating and dorsal branehes (Fig. 5.71B 
and 5.73)—an arrangement that also oeenrs in the fingers. 

VENOUS DRAINAGE OF FOOT 

As in the rest of the lower limb, there are both snperfieial and 
deep veins in the foot. The deep veins take the form of inter- 
anastomosing paired veins aeeompanying all arteries internal 


to the deep faseia (Fig. 5.74A). The snperfieial veins are 
snbentaneons and nnaeeompanied by arteries (Fig. 5.74B). 
IJnlike the leg and thigh, however, the venons drainage 
of the foot is primarily to the major snperfieial veins, both 
from the deep aeeompanying veins and other smaller snper- 
fieial veins. 

Perforating veins begin the one-way shnnting of blood 
from snperfieial to deep veins, a pattern essential to operation 
of the museulovenous pump, proximal to the ankle joint. Most 
blood is drained from the foot throngh the snperfieial veins. 

Dorsal digital veins eontinne proximally as dorsal meta- 
tarsal veins, which also reeeive branehes from plantar 
digital veins. These veins drain to the dorsal venons areh 
of the foot, proximal to which a dorsal venons network 
eovers the remainder of the dorsnm of the foot. Both the 
areh and the network are loeated in the snbentaneons tissne. 

For the main part, snperfieial veins from a plantar 
venons network either drain aronnd the medial border of 
the foot to eonverge with the medial part of the dorsal venons 
areh and network to form a medial marginal vein, which 
beeomes the great saphenous vein, or drain aronnd the lat- 
eral margin to eonverge with the lateral part of the dorsal 
venons areh and network to form the lateral marginal vein, 
which beeomes the small saphenons vein. 

Perforating veins from the great and small saphenons 
veins then eontinnonsly shnnt blood deeply as they aseend to 
take advantage of the mnsenlovenons pnmp. 

LYMPHATie DRAINAGE OF FOOT 

The lymphaties of the foot begin in snbentaneons plexuses. 
The eolleeting vessels eonsist of snperfieial and deep lym- 
phatie vessels that follow the snperfieial veins and major vas- 
enlar bnndles, respeetively. 

Snperfieial lymphatie vessels are most nnmerons in the 
sole of the foot (Fig. 5.75). The medial snperfieial lymphatie 
vessels, larger and more nnmerons than the lateral ones, 
drain the medial side of the dorsnm and sole of the foot 
(Fig. 5.75A). These vessels eonverge on the great saphenons 
vein and aeeompany it to the vertieal gronp of snperfieial 
ingninal lymph nodes, loeated along the vein’s termination, 
and then to the deep ingninal lymph nodes along the prox- 
imal femoral vein (see Fig. 5.45B). The lateral snperfieial 
lymphatie vessels drain the lateral side of the dorsnm and 
sole of the foot. Most of these vessels pass posterior to the 
lateral malleolns and aeeompany the small saphenons vein 
to the popliteal fossa, where they enter the popliteal lymph 

nodes (Fig. 7.75B). 

The deep lymphatie vessels from the foot follow the main 
blood vessels: fibnlar, anterior and posterior tibial, popliteal, 
and femoral veins. The deep vessels from the foot also drain 
into the popliteal lymph nodes. Lymphatie vessels from them 
follow the femoral vessels, earrying lymph to the deep ingni- 
nal lymph nodes. From the deep ingninal nodes, all lymph 
from the lower limb passes deep to the ingninal ligament to 
the iliae lymph nodes (see Fig. 5.45A). 
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(A) Deep veins of leg and foot Anterior view 
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FIGIJRE 5.74. Veins of leg and foot. A. The deep veins aeeompany the arteries and their branehes; they anastomose frequently and have numerous 
valves. B. The main superficial veins drain into the deep veins as they aseend the limb by means of perforating veins so that muscular eompression ean propel 
blood toward the heart against the pull of gravity. The distal great saphenous vein is aeeompanied by the saphenous nerve, and the small saphenous vein is 
aeeompanied by the sural nerve and its medial root (medial sural cutaneous nerve). 
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To superficial inguinal lymph nodes 
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(B) Posterior view 
of left limb 


FIGITRE 5.75. Lymphatie drainage of foot. Lymphatie drainage from the 
sole drains dorsally and proximally. A. Superficial lymphatie vessels from the 
medial foot drain are joined by those from the anteromedial leg in draining 
to the superficial inguinal lymph nodes via lymphaties that aeeompany the 
great saphenous vein. B. Superficial lymphatie vessels from the lateral foot 
Join those from the posterolateral leg, eonverging to vessels aeeompanying 
the small saphenous vein and draining into the popliteal lymph nodes. 


Surface Anatomy of Ankle 
and Foot Regions 

The tendons in the ankle region ean be identified satisfaeto- 
rily only when their mnseles are aeting. If the foot is aetively 
inverted, the tendon of the tihialis posterior may be palpated 
as it passes posterior and distal to the medial malleolns, then 
snperior to the snstentaenlnm tali, to reaeh its attaehment 
to the tnberosity of the navienlar (Fig. 5.76A-C). Henee the 
tibialis posterior tendon is the gnide to the navienlar. The 
tendon of the tibialis posterior also indieates the site for pal- 
pating the posterior tihial pnlse (halfvvay between the medial 
malleolns and the ealeaneal tendon—Fig. B5.25). 

The tendons of the fibnlaris longns and brevis may be 
followed distally, posterior and inferior to the lateral mal- 
leolns, and then anteriorly along the lateral aspeet of the 
foot (Fig. 5.76D & E). Thefihnlaris longas tendon ean be 
palpated as far as the enboid, and then it disappears as it 
tnrns into the sole. The fihnlaris hrevis tendon ean easily be 
traeed to its attaehment to the dorsal snrfaee of the tnber- 
osity on the base of the 5th metatarsal. This tnberosity is 
loeated at the middle of the lateral border of the foot. With 
toes aetively extended, the small fieshy helly of the exten- 
sor digitornm brevis may be seen and palpated anterior 
to the lateral malleolns. Its position shonld be observed and 
palpated so that it may not be mistaken subsequently for an 
abnormal edema (swelling). 
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FIGIJRE 5.76. Surface anatomy of the foot. A. Visible features. B. Llnderlying structures. 














ehapter 5 Lovver Limb 


623 


Key for (C): 


1 Abductor hallucis 

2 Ball of foot 

3 Galeaneal tendon 

4 Extensor hallucis longus 
tendon 

5 Medial malleolos 

6 Medial longitudinal areh 
of foot 

7 Navicular tuberosity 

8 Sustentaculum tali 

9 Tibialis anterior tendon 

10 Tibialis posterior tendon 

11 Head of 1 st metatarsal 



(C) Medial view 



(D) Lateral view 


Tibialis anterior 


Superior 

extensor 


retinaculum 


Lateral malleolus (L) 


Fibularis longus (1) 
Fibularis brevis (2) 


Extensor digitorum longus and 
fibularis tertius 


Inferior extensor retinaculum 


Extensor hallucis longus (5) 


Extensor hallucis brevis 


Extensor digitorum longus (4) 



(E) Superolateral view 


Fibularis tertius 

Extensor digitorum brevis (3) 


FIGIJRE 5.76. Surface anatomy of the foot {continued). C and D. Visible features. E. Llnderlying structures. Numbers in parentheses in (E) refer to 
structures identifìed in (D). 












































624 


ehapter 5 Lovver Limb 


The tendons on the anterior aspeet of the ankle (from 
medial to lateral side) are easily palpated when the foot is 

dorsiflexed (Fig. 5.76A-C): 

• The large tendon of the tihialis anterior leaves the eover of 
the snperior extensor tendon, from whieh level the tendon 
is invested by a eontinnons synovial sheath; the tendon 
may be traeed to its attaehment to the Ist enneiform and 
the base of the Ist metatarsal. 


• The tendon of the eztensor hallneis longns, obvions when the 
great toe is extended against resistanee, may be foIlowed to its 
attaehment to the base of the distal phalanx of the great toe. 

• The tendons of the extensor digitomm longns may be fol- 
lowed easily to their attaehments to the lateral fonr toes. 

• The tendon of thefihnlaris tertins may also be traeed to its 
attaehment to the base of the 5th metatarsal. This mnsele 
is of minor importanee and may be absent. 


FOOT 

Plantar Faseiìtìs 


pain on the medial side of the foot when walking (Fig. B5.26). 
IJsnally a bnrsa develops at the end of the spnr that may also 
beeome inflamed and tender. 



Inflammation of the plantar faseia— plantar fasei- 
itis —is often eansed by an overnse meehanism. It 
may resnlt from rnnning and high-impaet aerobies, 
espeeially when inappropriate footwear is worn. Plantar fas- 
eiitis is the most eommon hindfoot problem in rnnners. It 
eanses pain on the plantar snrfaee of the foot and heel. The 
pain is often most severe after sitting, and when beginning to 
walk in the morning. It nsnally dissipates after 5-10 minntes 
of aetivity and often reenrs again following rest. 

Point tenderness is loeated at the proximal attaehment 
of the aponenrosis to the medial tnberele of the ealeanens 
and on the medial snrfaee of this bone. The pain inereases 
with passive extension of the great toe and may be fnrther 
exaeerbated by dorsiflexion of the ankle and/or weight- 
bearing. 

If a ealeaneal spur (abnormal bony proeess) protrndes 
from the medial tnberele, plantar faseiitis is likely to eanse 
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FIGURE B5.26. 



infeetìons of Foot 

Foot infeetions are eommon, espeeially in seasons, 
elimates, and enltnres where shoes are less eom- 
monly worn. A negleeted pnnetnre wound may lead 
to an extensive deep infeetion, resnlting in swelling, pain, and 
fever. 

Deep infeetions of the foot often loealize within the 
eompartments between the mnsenlar layers (Fig. 5.70B). 
A well-established infeetion in one of the enelosed faseial 
or mnsenlar spaees nsnally requires snrgieal ineision and 
drainage. When possible, the ineision is made on the medial 
side of the foot, passing snperior to the abdnetor hallneis 
to allow visnalization of eritieal nenrovasenlar strnetnres, 
while avoiding prodnetion of a painfnl sear in a weight- 
bearing area. 



Contusion of Extensor 
Digìtorum Brevis 

Fnnetionally, the EDB and EHB mnseles are rela- 
tively nnimportant. Glinieally, knowing the loea- 
tion of the belly of the EDB is important for 
distingnishing it from abnormal edema. Gontnsion and 
tearing of mnsele flbers and assoeiated blood vessels resnlt 
in a hematoma (elotted extravasated blood), prodneing 
edema anteromedial to the lateral malleolns. Most people 
who have not seen this inflamed mnsele assnme they have a 
severely sprained ankle. 


Sural Nerve Grafts 

Pieees of the snral nerve are often nsed for nerve 
grafts in proeednres sneh as repairing nerve 
defeets resnlting from wounds. The snrgeon is 
nsnally able to loeate this nerve in relation to the small 
saphenons vein (Fig. 5.74B). Beeanse of the variations in 
the level of formation of the snral nerve, the snrgeon may 
have to make ineisions in both legs, and then seleet the 
better speeimen. 
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Anesthetie Bloek of Snperfieial 
Fibnlar Nerve 

After the superfieial fibular nerve pierees the 
deep faseia to beeome a cutaneous nerve, it 
divides into medial and intermediate cutaneous 
nerves (Fig. 5.72A). In thin people, these branehes ean 
often be seen or felt as ridges nnder the skin when the foot 
is plantarfiexed. injeetions of an anesthetie agent around 
these branehes in the ankle region, anterior to the palpable 
portion of the fibnla, anesthetizes the skin on the dorsnm 
of the foot (except the web between and adjaeent surfaces 
of the Ist and 2nd toes) more broadly and effeetively than 
more loeal injeetions on the dorsnm of the foot for snperfi- 
eial surgery. 



Plantar Reflex 

The plantar reflex (L4, L5, Sl, and S2 nerve 
roots) is a myotatie (deep tendon) refiex that is 
rontinely tested dnring nenrologie examinations. 
The lateral aspeet of the sole of the foot is stroked with a 
blnnt objeet, sneh as a tongne depressor, beginning at the 
heel and erossing to the base of the great toe. The motion 
is firm and eontinnons bnt neither painfnl nor tieklish. 
Flexion of the toes is a normal response. Slight fanning of 
the lateral fonr toes and dorsifiexion of the great toe is an 
abnormal response {Bahinski sign), indieating brain injnry 
or eerebral disease, except in infants. Beeanse the eortieo- 
spinal traets are not fnlly developed in newborns, a Babinski 
sign is nsnally elieited and may be present nntil ehildren are 
4 years of age (except in infants with a brain injnry or eere- 
bral disease). 



Medial Plantar Nerve Entrapment 

Gompressive irritation of the medial plantar nerve 
as it passes deep to the fiexor retinaenlnm, or enrves 
deep to the abdnetor hallneis, may eanse aehing, 
bnrning, nnmbness, and tingling (paresthesia) on the medial 
side of the sole of the foot and in the region of the navienlar 
tnberosity. Medial plantar nerve eompression may oeenr dnr- 
ing repetitive eversion of the foot (e.g., dnring gymnasties 
and rnnning). Beeanse of its frequency in rnnners, these 
symptoms have been ealled ' jogger’s foot.” 


Palpation of Dorsalis Pedis Pnlse 

The dorsalis pedis artery pulse is evaluated dnr- 
ing a physieal examination of the peripheral vasen- 
lar system. Dorsalis pedis pnlses may be palpated 
with the feet slightly dorsifiexed. The pnlses are nsnally easy 



to palpate because these dorsal arteries are subcutaneous 
and pass along a line from the extensor retinaenlnm to a point 

jnst lateral to the EHL tendons (Swartz, 2009) (Fig. B5.27). 
A diminished or absent dorsalis pedis pnlse usually suggests 
vasenlar insnffieieney resnlting from arterial disease. The five 
F signs of aente arterial oeelnsion are pain, pallor, paresthe- 
sia, paralysis, and pnlselessness. Some healthy adnlts (and 
even ehildren) have eongenitally non-palpahle dorsalis pedis 
pnlses; the variation is usually bilateral. In these eases, the 
dorsalis pedis artery is replaeed by an enlarged perforating 
fibnlar artery. 



Extensor hallucis 
longus 


Dorsalis pedis 
artery 

Tibialis anterior 
tendon 


FIGURE B5.27. 


Hemorrhaging Wounds of Sole 
of Foot 



Puncture wounds of the sole of the foot involving 
the deep plantar areh and its branehes usually resnlt 
in severe bleeding, typieally from both ends of the 
cut artery because of the abnndant anastomoses. Ligation of 
the deep areh is diffienlt because of its depth and the strne- 
tnres that snrronnd it. 



Lymphadenopathy 

infeetions of the foot may spread proximally, eans- 
ing enlargement of the popliteal and ingninal lymph 
nodes (lymphadenopathy) . infeetions on the lateral 
side of the foot initially prodnee enlargement of popliteal 
lymph nodes {popliteal lymphadenopathy); later, the ingni- 
nal lymph nodes may enlarge. 

Ingninal lymphadenopathy without popliteal lymph- 
adenopathy ean resnlt from infeetion of the medial side of 
the foot, leg, or thigh; however, enlargement of these nodes 
ean also resnlt from an infeetion or tnmor in the vnlva, penis, 
serotnm, perinenm, and glnteal region, and from terminal 
parts of the nrethra, anal eanal, and vagina. 
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The Bottom Lìne 


FOOT 

Muscles of foot: The intrinsie muscles of the plantar surface 
of the foot are arranged in four layers and divided into four 
faseial eompartments. ♦ Atough plantar aponeurosis overlies 
the eentral eompartment, passively contributing to areh main- 
tenanee and, along with firmly bound fat, proteeting the ves- 
sels and nerves from eompression. ♦ There is similarity to the 
arrangement of muscles in the palm of the hand, but the mus- 
eles ofthe foot generally respond as agroup ratherthan indi- 
vidually, aeting to maintain the longitudinal areh of the foot or 
push a portion of it harder against the ground to maintain bal- 
anee. ♦ The movements of abduction and adduction produced 
by the interossei are toward or away from the 2nd digit. ♦ The 
foot has two intrinsie muscles on its dorsum that augment the 
long extensor muscles. ♦ The plantar intrinsie muscles func- 
tion throughout the stanee phase of gait, from heel strike to 
toe off, resisting forees that tend to spread the arehes of the 
foot. ♦ These muscles are espeeially aetive in fixing the medial 
forefoot for the propulsive push off. 

Nerves of foot: The plantar intrinsie muscles are inner- 
vated by the medial and lateral plantar nerves, whereas 
the dorsal muscles are innervated by the deep fibular nerve. 

♦ Most of the dorsum of the foot reeeives cutaneous innerva- 
tion from the superficial fibular nerve, the exception being the 
skin ofthe web between and the adjaeent sides ofthe 1st and 
2nd toes. The latter reeeives innervation from the deep fibular 
nerve after it supplies the muscles on the dorsum of the foot. 

♦ The skin of the medial and lateral sides of the foot is inner- 
vated by the saphenous and sural nerves, respeetively. ♦ The 
plantar aspeet of the foot reeeives innervation from the larger 
medial and smaller lateral plantar nerves. ♦ The medial plan- 
tar nerve supplies more skin (the plantar aspeet of the medial 
three and half toes and adjaeent sole) but fewer muscles (the 


medial hallux and Ist lumbrical muscles only) than the lateral 
plantar nerve. ♦ The lateral planar nerve supplies the remain- 
ing muscles and skin of the plantar aspeet. ♦ The distribution 
of the medial and lateral plantar nerves is eomparable to that 
of the median and ulnar nerves in the palm. 

Arterìes of foot: The dorsal and plantar arteries of the 
foot are terminal branehes ofthe anterior and posterior tibial 
arteries, respeetively. ♦ The dorsalis pedis artery supplies all 
of the dorsum of the foot and, via the arcuate artery, the prox- 
imal dorsal aspeet of the toes. It also contributes to formation 
of the deep plantar areh via its terminal deep plantar artery. 

♦ The smaller medial and larger lateral plantar arteries supply 
the plantar aspeet of the foot, the latter running in vascular 
planes between the Ist and 2nd layers and then, as the plantar 
areh, the 3rd and 4th layers of the intrinsie muscles. ♦ Anas- 
tomoses between the dorsalis pedis and plantar arteries are 
abundant and important for the health ofthe foot. ♦ Except 
for the seareity of a superficial plantar areh, the arterial pat- 
tern of the foot is similar to that of the hand. 

Efferent vessels of foot: Venous drainage of the foot 
primarily follows a superficial route, draining to the dorsum of 
the foot and then medially via the great saphenous vein or lat- 
erally via the small saphenous veins. ♦ From these veins, blood 
is shunted by perforating veins to the deep veins of the leg and 
thigh that partieipate in the musculovenous pump. ♦ The 
lymphaties earrying lymph from the foot drain toward and then 
along the superficial veins draining the foot. ♦ Lymph from 
the medial foot follows the great saphenous vein and drains 
direetly to superficial inguinal lymph nodes. ♦ Lymph from the 
lateral foot follows the small saphenous vein and drains ini- 
tially to the popliteal lymph nodes and then by deep lymphatie 
vessels to the deep inguinal nodes. 


JOINTS OF LOWER LIMB 


The joints of the lower limb inelnde the artienlations of the 
pelvie girdle—Inmbosaeraljoints, saero-iliae joints, and pnbie 
symphysis, which are disenssed in Ghapter 3. The remaining 
joints of the lower limb are the hip joints, knee joints, tibio- 
fibnlar joints, ankle joints, and foot joints (Fig. 5.77). 

Hip Joint 

The hip joint forms the eonneetion between the lower limb 
and the pelvie girdle (Fig. 5.77A). It is a strong and stable 
multìaxial hall and soeket type of synovialjoint. The head 
of the femnr is the ball and the aeetabnlnm is the soeket 
(Fig. 5.78). The hip joint is designed for stability over 
a wide range of movement. Next to the glenohnmeral 
(shonlder) joint, it is the most movable of all joints. Dnring 


standing, the entire weight of the npper body is transmit- 
ted throngh the hip bones to the heads and neeks of the 
femora. 

ARTieniiAR SURFACES OF HIP JOINT 

The ronnd head of the femnr artienlates with the enp-like 
aeetabnlnm of the hip bone (Figs. 5.77-5.80). The head of 
thefemnr forms approximately two thirds of a sphere. Except 
for the depression or fovea for the ligament of the femoral 
head, all of the head is eovered with artienlar eartilage, which 
is thiekest over weight-bearing areas. 

The acetahulum, a hemispherieal hollow on the lateral 
aspeet of the hip bone, is formed by the fnsion of three bony 
parts (see Fig. 5.5). The heavy, prominent acetabular rim of 
the aeetabnlnm eonsists of a semilnnar artienlar part eovered 
with artienlar eartilage, the lunate snrfaee of the acetahulum 

(teoet eontinnes on p. 629) 
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FIGURE5.77. Joints of lower limb. The lower limb joints 
are (A) those of the pelvie girdle eonneeting the free lower 
limb to the vertebral column, (B) the knee and tibiofibular 
joint, and (C) tibiofibular syndesmosis, ankle joint, and the 
manyjoints of the foot. 
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FIGURE 5.78. Hip joint. The 

joint was disarticulated by cutting 
the ligament of the head of the 
femurand retraeting the head from 
the acetabulum. The transverse aee- 
tabular ligament is retraeted supe- 
riorly to show the obturator eanal, 
which transmits the obturator nerve 
and vessels passing from the pelvie 
eavity to the medial thigh. 
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FIGIJRE 5.79. Faetors inereasing stability of hip joint. A. This superior vievv ofthe hip joint demonstrates the medial and reeiproeal pull ofthe 
peri-articular muscles (medial and lateral rotators; reddish brown arrows) and intrinsie ligaments ofthe hip Joint {gray arrows) on the femur. Relative 
strengths are indieated by arrow width: Anteriorly, the muscles are less abundant but the ligaments are robust; posteriorly, the muscles predominate. 

B. Parallel fibers linking two dises resemble those making up the tube-like fibrous layer ofthe hip joint capsule. When one dise (the femur) rotates relative 
to the other (the acetabulum), the fibers beeome inereasingly oblique and draw the two dises together. Similarly, extension ofthe hip joint winds (inereases 
the obliquity of) the fibers of the fibrous layer, pulling the head and neek ofthe femur tightly into the acetabulum, inereasing the stability ofthe joint. Flexion 
unwinds the fibers ofthe capsule. C. In this eoronal seetion of hip joint, the acetabular labrum and transverse acetabular ligament, spanning the acetabular 
noteh (and included in the plane of seetion here), extend the acetabular rim so that a eomplete soeket is formed. Thus the acetabular complex engulfs the 
head of the femur. The epiphysis of the femoral head is entirely within the joint capsule. The thiek weight-bearing bone of the ilium normally lies direetly 
superior to the head of the femur for effieient transfer of weight to the femur (Fig. 5.3). The angle ofWiberg (see text) is used radiographieally to determine 
the degree to which the acetabulum overhangs the head ofthe femur. D. Several different lines and curvatures are used in the deteetion of hip abnormalities 
(disloeations, fractures, or slipped epiphyses). The Kohler line {redA) is normally tangential to the pelvie inlet and the obturator foramen. The acetabular 
fossa should lie lateral to this line. A fossa that erosses the line suggests an acetabular fracture with inward displaeement. The Shenton line {redB) and the 
iliofemoral line {red C) should appear in a normal AP radiograph as smooth, continuous lines that are bilaterally symmetrieal. The Shenton line is a radio- 
graphie indieation of the angle of inelination {ASIS = anterior superior iliae spine). 
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FIGITRE 5.80. Seetìonal and radìographìe 
anatomy ofgluteal region and proximal 
anterior thigh at level of hip joint. A and B. A 

deseriptive dravving and transverse (axial MRI) 
study ofan anatomieal seetion ofthe thigh are 
shovvn. Numbers in parentheses in (A) refer to 
structures identified in (B). C. The orientation 
dravving shovvs the level of the seetion. 


(Figs. 5.78-5.80). The acetabular rim and lunate snrfaee 
form approximately three quarters of a eirele; the missing 
inferior segment of the eirele is the aeetahnlar noteh. 

The lip-shaped acetabular labrum (L. lahrnm, lip) is a 
fibroeartilaginons rim attaehed to the margin of the aeetabn- 
lum, inereasing the aeetabnlar artienlar area by nearly 10%. 
The transverse acetabular ligament, a eontinnation of the 


aeetabnlar labrnm, bridges the aeetabnlar noteh (Figs. 5.78 
and 5.79C). As a resnlt of the height of the rim and labrnm, 
more than half of the femoral head fits within the acetabulum 

(Figs. 5.79C and 5.80). Thus dnring disseetion, the femoral 

head must be cut from the aeetabnlar rim to enable disar- 
tienlation of the joint. Centrally a deep non-articular part, 
ealled the aeetahnlar fossa, is formed mainly by the isehinm 
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(Figs. 5.78, 5.79C, and 5.80). This fossa is thin walled (often 

translneent) and eontinnons inferiorly with the aeetabnlar 
noteh. 

The artienlar snrfaees of the aeetabnlnm and femoral head 
are most eongrnent when the hip is flexed 90°, abdneted 5°, 
and rotated laterally 10° (the position in which the axis of the 
aeetabnlnm and the axis of the femoral head and neek are 
aligned), which is the quadruped position! 

In other words, in assnming the npright position, a rela- 
tively small degree of joint stability was saerifleed to maxi- 
mize weight-bearing when ereet. Even so, the hip joint is 
onr most stable joint, owing also to its eomplete ball and 
soeket eonstrnetion (depth of soeket), the strength of its joint 
eapsnle, and the attaehments of mnseles erossing the joint, 
many of which are loeated at some distanee from the eenter 
of movement (Palastanga et ak, 2011). 

JOINT CAPSULE OF HIP JOINT 

The hip joints are enelosed within strong joint eapsnles, 
formed of a loose exteYndlfihrous layer (flbrons eapsnle) and 
an internal synovial memhrane (Fig. 5.79C). Proximally, the 
flbrons layer attaehes to the aeetabnlnm, jnst peripheral to 
the aeetabnlar rim to which the labrnm is attaehed, and to 
the transverse aeetabnlar ligament (Figs. 5.79C and 5.81A, 
e, & D). Distally, the flbrons layer attaehes to the femoral 
neek only anteriorly at the intertroehanterie line and root of 
the greater troehanter (Fig. 5.81B). Posteriorly, the flbrons 
layer erosses the neek proximal to the intertroehanterie erest 
bnt is not attaehed to it. 

Most flbers of the flbrons layer of the eapsnle take a 
spiral eonrse from the hip bone to the intertroehanterie 
line of the femnr, bnt some deep flbers pass eirenlarly 
aronnd the neek, forming the orbicular zone (Fig. 5.79C 
and 5.81D). Thiek parts of the flbrons layer form the 
ligaments of the hip joint, which pass in a spiral fash- 
ion from the pelvis to the femnr (Fig. 5.81A, C, & D). 
Extension winds the spiraling ligaments and flbers more 
tightly, eonstrieting the eapsnle and drawing the femoral 

head tightly into the aeetabnlnm (Fig. 5.79B). The tight- 
ened flbrons layer inereases the stability of the joint, bnt 
restriets extension of the joint to 10-20° beyond the ver- 
tieal position. Flexion inereasingly unwinds the spiraling 
ligaments and flbers. This permits eonsiderable flexion of 
the hip joint with inereasing mobility. 

Of the three intrinsie ligaments of the joint eapsnle below, 
it is the flrst one that reinforees and strengthens the joint: 

• Anteriorly and snperiorly is the strong, Y-shaped ilio- 
femoral ligament, which attaehes to the anterior infe- 
rior iliae spine and the aeetabnlar rim proximally and the 
intertroehanterie line distally (Fig. 5.81 A & C). Said to 
be the body s strongest ligament, the iliofemoral ligament 
speeifleally prevents hyperextension of the hip joint dnr- 
ing standing by screwing the femoral head into the aeetab- 
nlnm via the meehanism deseribed above. 


• Anteriorly and inferiorly is the pnbofemoral ligament, 
which arises from the obtnrator erest of the pnbie bone 
and passes laterally and inferiorly to merge with the flb- 
rons layer of the joint eapsnle (Fig. 5.81A). This ligament 
blends with the medial part of the iliofemoral ligament, 
and tightens dnring both extension and abdnetion of the 
hip joint. The pnbofemoral ligament prevents overabdne- 
tion of the hip joint. 

• Posteriorly is the isehiofemoral ligament, which arises 
from the isehial part of the aeetabnlar rim (Fig. 5.81D). 
The weakest of the three ligaments, it spirals snperolater- 
ally to the femoral neek, medial to the base of the greater 
troehanter. 

The relative size, strengths, and positions of the three liga- 
ments of the hip joint are shown in Fignre 5.79A. The liga- 
ments and peri-artienlar mnseles (the medial and lateral 
rotators of the thigh) play a vital role in maintaining the strne- 
tnral integrity of the joint. 

Both mnseles and ligaments pnll the femoral head medi- 
ally into the aeetabnlnm, and they are reeiproeally balaneed 
when doing so. The medial flexors, loeated anteriorly, are 
fewer, weaker, and less meehanieally advantaged, whereas 
the anterior ligaments are strongest. Conversely, the liga- 
ments are weaker posteriorly where the medial rotators are 
abnndant, stronger, and more meehanieally advantaged. 

In all synovial joints, a synovial membrane lines the inter- 
nal snrfaees of the flbrons layer, as well as any intraeapsnlar 
bony snrfaees not lined with artienlar eartilage. Thns in the 
hip joint, where the flbrons layer attaehes to the femnr dis- 
tant from the artienlar eartilage eovering the femoral head, 
the synovial membrane of the hip joint refleets proxi- 
mally along the femoral neek to the edge of the femoral head. 
Longitndinal synovial folds (retinaenla) oeenr in the synovial 
membrane eovering the femoral neek (Fig. 5.79C). Snbsyno- 
vial retinaenlar arteries (branehes of the medial, and a few 
of the lateral, circumflex femoral artery) that snpply the femo- 
ral head and neek eonrse within the synovial folds (Fig. 5.82). 

The ligament of the head of the femnr (Figs. 5.78, 
5.79C, 5.80, and 5.82), primarily a synovial fold eondneting a 
blood vessel, is weak and of little importanee in strengthen- 
ing the hip joint. Its wide end attaehes to the margins of the 
aeetabnlar noteh and the transverse aeetabnlar ligament; its 
narrow end attaehes to the foveafor the ligament of the head. 

IJsnally, the ligament eontains a small artery to the head 
of the femnr. Afat pad in the aeetabnlar fossa fllls the part 
of the aeetabnlar fossa that is not oeenpied by the ligament 
of the femoral head (Fig. 5.78). Both the ligament and the 
fat pad are eovered with synovial membrane. The malleable 
natnre of the fat pad permits it to ehange shape to aeeommo- 
date the variations in the eongrnity of the femoral head and 
aeetabnlnm, as well as ehanges in the position of the ligament 
of the head dnring joint movements. A synovial protrnsion 
beyond the free margin of the joint eapsnle onto the poste- 
rior aspeet of the femoral neek forms a bnrsa for the obtnra- 
tor externus tendon (Fig. 5.81D). 
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FIGIJRE 5.81. Ligaments of pelvis and hip joint. A. VVeight transfer from the vertebral column to the pelvie girdle is a fijnetion ofthe saero-iliae ligaments 
VVeight transfer at the hip joint is aeeomplished primarily by the disposition of the bones, vvith the ligaments limiting the range of movement and adding sta- 
bility. B. Articulating surfaces of hip Joint and sites of attaehment and tendinous relationships of iliofemoral ligaments and joint capsule. C. Iliofemoral liga- 
ment. D. The isehiofemoral ligament. Because the joint capsule does not attaeh to the posterior aspeet of the femur, the synovial membrane protrudes from 
the joint capsule, forming the obturator externus bursa to faeilitate movement ofthe tendon ofthe obturator externus (shovvn in part C) over the bone. 
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FIGIJRE 5.82. Blood supply of head and neek of femur. Branehes ofthe medial and lateral circumflex femoral arteries, branehes ofthe profijnda femoris 
artery, and the artery to the femoral head (a braneh of the obturator artery) supply the head and neek of the femur. In the adult, the medial circumfìex femo- 
ral artery is the most important source of blood to the femoral head and adjaeent (proximal) neek. 


MOVEMENTS OF HIP JOINT 

Hip movements are flexion-extension, abdnetion-addne- 
tion, medial-lateral rotation, and eirenmdnetion (Fig. 5.83). 
Movements of the trnnk at the hip joints are also important, 
sueh as those oecurring when a person lifts their trunk from 
the supine position during sit-ups, or keeps the pelvis level 
when one foot is off the ground. 

The degree of flexion and extension possible at the hip 
joint depends on the position of the knee. If the knee is 
flexed, relaxing the hamstrings, the hip joint ean be aetively 
flexed until the thigh almost reaehes the anterior abdomi- 
nal wall and ean reaeh it via fnrther passive flexion. Not all 
of this movement occurs at the hip joint; some resnlts from 
flexion of the vertebral column. During extension of the hip 
joint, the flbrons layer of the joint eapsnle, espeeially the ilio- 
femoral ligament, is taut; therefore, the hip ean usually be 
extended only slightly beyond the vertieal except by move- 
ment of the bony pelvis (flexion of lumbar vertebrae). 

From the anatomieal position, the range of abdnetion of 
the hip joint is usually somewhat greater than for addnetion. 
About 60° of abduction is possible when the thigh is extended 
at the hip joint, and more when it is flexed. Lateral rotation 
is much more powerful than medial rotation. 

The main mnseles prodneing movements of the hip joint 
are listed in Figure 5.83B. Note that: 

1. The iliopsoas is the strongest flexor of the hip. 

2. In addition to its fnnetion as an addnetor, the addnetor 
magnns also serves as a flexor (anterior or aponenrotie 
part) and an extensor (posterior or hamstrings part). 

3. Several mnseles partieipate in both flexion and addnetion 
{peetinens snd graeilis as well all three “addnetor” mnseles). 


4. In addition to serving as abdnetors, the anterior portions of 
the glntens medins and minimns are also medial rotators. 

5. The glntens maximus serves as the primary extensor from 
the flexed to the straight (standing) position, and from this 
point posteriorly, extension is aehieved primarily by the 
hamstrings. The gluteus maximus is also a lateral rotator. 

BLOOD SUPPLY OF HIP JOINT 

Arteries supplying the hip joint (Fig. 5.82) inelnde the fol- 
lowing: 

• The medial and lateral circumflex femoral arteries, which 
are usually branehes of the profanda femoris artery but 
oeeasionally they arise as branehes of \hefemoral artery. 

• The artery to the head of the femur, which is a braneh 
of the obtnrator artery of variable size; it traverses the liga- 
ment of the head. 

The main blood supply of the hip joint is from the retinaenlar 
arteries arising as branehes of the circumflex femoral arter- 
ies. Retinacular arteries arising from the medial circumflex 
femoral artery are most abundant, bringing more blood to 
the head and neek of the femur because they are able to pass 
beneath the nnattaehed posterior border of the joint eap- 
sule. Retinacular arteries arising from the lateral circumflex 
femoral must penetrate the thiek iliofemoral ligament and 
are smaller and fewer. 

NERVE SUPPLY OF HIP JOINT 

Hiltons laio states that the nerves snpplying the mnseles 
extending direetly aeross and aeting at a given joint also inner- 
vate the joint. Artienlar rami arise from the intramuscular rami 
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(A) Lateral view of sagittal seetion through femoral head 
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(B) MRI of hip joint, lateral view 
(Is, Ischium) 


Functional groups of muscles 
aeting at hip joint 


r N 

Flexors 

Iliopsoas (1) 

Sartorius (2) 

Tensor faseiae latae 

Rectus femoris (3) tendon (3t) 
Pectineus (4) 

Adductor longus (5) 

Adductor brevis (6) 

Adductor magnus—anterior part (7) 
Graeilis 

Adductors 

Pectineus (4) 

Adductor longus (5) 

Adductor brevis (6) 

Adductor magnus (7) 

Obturator externus (8) 

Graeilis 

Lateral rotators 

Obturator externus (8) 

Piriformis (9) 

Obturator internus (10) 

Gemelli (10) 

Quadratus femoris (11) 

Gluteus maximus (12) 

Extensors 

Gluteus maximus (12) 

Hamstrings: (13) 

Semitendinosus 

Semimembranosus 

Long head, bieeps femoris 

Adductor magnus—posterior part 

Abductors 

Gluteus medius (14) 

Gluteus minimus (15) 

Tensor faseiae latae 

Medial rotators 

Gluteus medius(14) 3^3 

Gluteus minimus (l^)-! 

Tensor faseiae latae 

V J 


(C) Diagrammatie lateral view 

FIGIJRE 5.83. Relations of hip joint and muscles producing movements ofjoint. A. Sagittal seetion ofthe hipjoint showingthe muscles, vessels, and 
nerves related to it. The muscles are eolor eoded to indieate their function(s). Applying Hilton’s law, it is possible to deduce the innervation ofthe hipJoint 
by knowing which muscles direetly eross and aet on the Joint and their nerve supply. B. The relative positions ofthe muscles producing movements ofthe hip 
Joint and the direetion ofthe movement are demonstrated. 
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of the muscular branehes and direetly from named nerves. A 
knowledge of the nerve snpply of the mnseles and their rela- 
tionship to the joints ean allow one to dednee the nerve sup- 
ply of manyjoints. Possible dednetions regarding the hip joint 
and its muscular relationships inelnde (Fig. 5.83): 

• F lexors innervated by the femoral nerve pass anterior to the 
hip joint; the anterior aspeet of the hip joint is innervated 
by the femoral nerve (direetly and via artienlar rami of the 
muscular branehes to the peetinens and reetns femoris). 

• Lateral rotators pass inferior and posterior to the hip joint; 
the inferior aspeet of the joint is innervated by the obtu- 
rator nerve (direetly and via artienlar rami of the muscu- 
lar braneh to the obtnrator externus), and the posterior 
aspeet is innervated by the nerve to the quadratus femoris. 

• Abductors innervated by the snperior glnteal nerve pass 
snperior to the hip joint; the snperior aspeet of the joint is 
innervated by the snperior glnteal nerve. 

Pain pereeived as eoming from the hip joint may be mislead- 
ing beeanse pain ean be referred from the vertebral eolnmn. 

Knee Joint 

The knee joint is the largest and most snperfieial joint. It 
is primarily a hinge type of synovial joint, allowing fiexion 
and extension; however, the hinge movements are eombined 
with gliding and rolling, and with rotation about a vertieal 
axis. Although the knee joint is well eonstrneted, its func- 
tion is eommonly impaired when it is hyperextended (e.g., in 
body eontaet sports, such as iee hoekey and football). 

ARTieniiATIONS, ARTICUIiAR SURFACES, 

AND STABILITY OF KNEE JOINT 

Relevant anatomieal details of the involved bones, inelnd- 
ing their artienlating snrfaees, were disenssed in “Bones of 
Lower Limb,” p. 512. The artienlar snrfaees of the knee joint 
are eharaeterized by their large size and their eomplieated 
and ineongrnent shapes. The knee joint eonsists of three 

artienlations (Figs. 5.84 and 5.85): 

• Two femorotibial articulations (lateral and medial) 

between the lateral and the medial femoral and tibial 
eondyles. 

• One intermediate femoropatellar artienlation between 
the patella and the femur. 

The fibula is not involved in the knee joint. 

The knee joint is relatively weak meehanieally beeanse of 
the ineongrnenee of its artienlar snrfaees, which has been 
eompared to two balls sitting on a warped tabletop. The 
stability of the knee joint depends on (1) the strength and 
aetions of the surrounding mnseles and their tendons, and 
(2) the ligaments that eonneet the femur and tibia. Of these 
snpports, the mnseles are most important; therefore, many 
sport injnries are preventable throngh appropriate eondi- 
tioning and training. 
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FIGITRE 5.84. Bones of knee joint. AThe bones articulating at the knee 
joint are shovvn. The hip bone and proximal femur are included to 
demonstrate the Q-angle, determined during physieal examination to 
indieate alignment ofthe femur and tibia and to evaluate valgus or varus 
stress at the knee. B. The bones and bony features of the posterior aspeet 
ofthe knee joint and knee are shovvn. 


The most important mnsele in stabilizing the knee joint is 
the large quadriceps femoris, partienlarly the inferior fibers 
of the vastns medialis and lateralis (Fig. 5.86A). The knee 
joint fnnetions snrprisingly well after a ligament strain if the 
quadriceps is well eonditioned. 

The ereet, extended position is the most stable position of 
the knee joint. In this position, the artienlar snrfaees are most 
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FIGIJRE 5.85. Radiography of knee joint. A and B. The orientation dravving depiets the structures visible in the AP radiograph ofthe right knee joint. 
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(B) Posterior view 
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FIGIJRE 5.86. Extemal aspeet of joint capsule of knee. The fibrous layer ofthe joint capsule is relatively thin in some plaees and thiekened in others to 
form reinforeing intrinsie (capsular) ligaments. A. Modifieations of the anterior aspeet and sides of the fibrous layer include the patellar retinacula, which 
attaeh to the sides of the quadriceps tendon, patella, and patellar ligament, and ineorporation of the iliotibial traet (laterally) and the medial eollateral liga- 
ment (medially). B. The hamstring and gastrocnemius muscles and the posterior intermuscular septum have been cut and removed to expose the adductor 
magnus, lateral intermuscular septum, and the fìoor of the popliteal fossa. Posterior modifieations of the fìbrous layer include the oblique and arcuate popli- 
teal ligaments, and a perforation inferior to the arcuate popliteal ligament to allow passage of the popliteus tendon. 
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eongment (eontaet is minimized in all other positions); the pri- 
maiy ligaments of the joint (eollateral and emeiate ligaments) are 
tant, and the many tendons snrronnding the joint provide a splint- 
ing effeet. 


to the vastns intermedins form the artienlar mnsele of the 
knee, whieh attaehes to the synovial membrane and retraets 
the bnrsa dnring extension of the knee (see Figs. 5.22 and 

5.86A). 


JOINT CAPSULE OF KNEE JOINT 


EXTRACAPSUIiAR LIGAMENTS OF lO^EE JOINT 


The joint eapsnle of the knee joint is typieal in eonsisting of 
an e^temdlfihrons layer of the eapsnle (fibrons eapsnle) and an 
intemal synovial memhrane that lines all internal snrfaees of the 
artienlar eavity not eovered with artienlar eartilage (5.87B). 
The fibrons layer has a few thiekened parts that make up intrin- 
sie ligaments, bnt for the main part, it is thin and is aetnally 
ineomplete in some areas (5.86B). The fibrons layer attaehes to 
the femnr snperiorly, jnst proximal to the artienlar margins of 
the eondyles. 

and the intereondylar fossa. The fibrons layer has an opening 
or gap posterior to the lateral tibial eondyle to allow the ten- 
don of the poplitens to pass ont of the joint eapsnle to attaeh to 
the tibia (Fig. 5.87B). Inferiorly, the fibrons layer attaehes 
to the margin of the snperior artienlar snrfaee (tibial platean) of 
the tibia, except where the tendon of the poplitens erosses the 
bone (Figs. 5.86A & B and 5.87B). The quadriceps tendon, patella, 
and patellar ligament replaee the fibrons layer anteriorly—^that is, 
the fibrons layer is eontinnons with the lateral and medial margins 
of these stmetnres, and there is no separate fibrons layer in the 
region of these stmetnres (Figs. 5.86A and 5.87B). 

The extensive synovial memhrane of the eapsnle lines all 
snrfaees bonnding the artienlar eavity (the spaee eontaining 
synovial finid) not eovered by artienlar eartilage (Fig. 5.87A 
& B). Thns, it attaehes to the periphery of the artienlar ear- 
tilage eovering the femoral and tibial eondyles; the posterior 
snrfaee of the patella; and the edges of the menisei, the fibro- 
eartilaginons dises between the tibial and femoral artienlar 
snrfaees. The synovial membrane lines the internal snrfaee 

er laterally and 
beeomes separated from the fibrons layer. 

From the posterior aspeet of the joint, the synovial mem- 
brane refieets anteriorly into the intereondylar region, eov- 
ering the emeiate ligaments and the infrapatellar fat pad, 
so that they are excluded from the artienlar eavity. This ere- 
ates a median infrapatellar synovial fold, a vertieal fold of 
synovial membrane that approaehes the posterior aspeet of 
the patella, oeenpying all bnt the most anterior part of the 
intereondylar region. Thns, it almost snbdivides the artien- 
lar eavity into right and left femorotibial artienlar eavities; 
indeed, this is how arthroseopie snrgeons eonsider the artien- 
lar eavity. Fat-filled lateral and medial alar folds eover the 
inner snrfaee of fat pads that oeenpy the spaee on eaeh side 
of the patellar ligament internal to the fibrons layer. 

Snperior to the patella, the knee joint eavity extends 
deep to the vastns intermedins as the snprapatellar hnrsa 
(Figs. 5.86A and 5.88A & B). The synovial membrane of 
the joint eapsnle is eontinnons with the synovial lining of 
this bnrsa. This large bnrsa nsnally extends approximately 
5 em snperior to the patella; however, it may extend half- 
way up the anterior aspeet of the femnr. Mnsele slips deep 


medially, bnt eentrally it 


of the fibrons lay 


Posteriorly, the fibrons layer eneloses the eondyles 


The joint eapsnle is strengthened by five extracapsular or 
eapsnlar (intrinsie) ligaments: patellar ligament, fibnlar eol- 
lateral ligament, tibial eollateral ligament, oblique popliteal 
ligament, and arenate popliteal ligament (Fig. 5.86A & B). 
They are sometimes ealled external ligaments to differentiate 
them from internal ligaments, sneh as the erneiate ligaments. 

The patellar ligament, the distal part of the quadriceps 
femoris tendon, is a strong, thiek fibrons band passing from the 
apex and adjoining margins of the patella to the tibial tnberosity 
(Fig. 5.86A). The patellar ligament is the anterior ligament of 
the knee joint. Laterally, it reeeives the medial and lateral patel- 
lar retinaenla, aponenrotie expansions of the vastns medialis 
and lateralis and overlying deep faseia. The retinaenla make 
up the joint eapsnle of the knee on eaeh side of the patella 
(Figs. 5.86A and 5.87B) and play an important role in main- 
taining alignment of the patella relative to the patellar artienlar 
snrfaee of the femnr. The oblique plaeement of the femnr and/ 
or line of pnll of the quadriceps femoris mnsele relative to the 
axis of the patellar tendon and tibia, assessed elinieally as the 
Q-angle, favors lateral displaeement of the patella (Fig. 5.84). 

The eollateral ligaments of the knee are tant when the 
knee is fnlly extended, eontribnting to stability while stand- 
ing (Fig. 5.88A & D). As fiexion proeeeds, they beeome 
inereasingly slaek, permitting and limiting (serving as eheek 
ligaments for) rotation at the knee. 

The fibular eollateral ligament (FCL; lateral eollateral 
ligament), a eord-like extracapsular ligament, is strong. It 
extends inferiorly from the lateral epieondyle of the femnr to 
the lateral snrfaee of the fibnlar head (Fig. 5.88A & C). The 
tendon of the poplitens passes deep to the FCL, separating it 
from the lateral menisens. The tendon of the bieeps femoris 
is split into two parts by the FCL (Fig. 5.88A). 

The tibial eollateral ligament (TCL; medial eollat- 
eral ligament) is a strong, fiat, intrinsie (eapsnlar) band that 
extends from the medial epieondyle of the femnr to the 
medial eondyle and the snperior part of the medial snrfaee 
of the tibia (Fig. 5.88D & E). At its midpoint, the deep fibers 
of the TCL are firmly attaehed to the medial menisens. The 
TCL, weaker than the FCL, is more often damaged. As a 
resnlt, the TCL and medial menisens are eommonly torn 
dnring eontaet sports sneh as football and iee hoekey. 

The oblique popliteal ligament is a reenrrent expan- 
sion of the tendon of the semimembranosns that reinforees 
the joint eapsnle posteriorly as it spans the intraeondy- 
lar fossa (Fig. 5.86B). The ligament arises posterior to the 
medial tibial eondyle and passes snperolaterally toward the 
lateral femoral eondyle, blending with the eentral part of the 
posterior aspeet of the joint eapsnle. 

The arenate popliteal ligament also strengthens the 
joint eapsnle posterolaterally. It arises from the posterior 
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(A) Anterior view of flexed knee 
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surface of tibia (tibial plateau) 

FIGIJRE 5.87. Internal aspeet of joint capsule of knee: layers, articular eavity, and articular surfaces. A. The joint capsule vvas ineised transversely, the 
patella vvas savvn through, and then the knee vvas fìexed, opening the articular eavity. The infrapatellar fold of synovial membrane eneloses the cruciate 
ligaments, excluding them from thejoint eavity. All internal surfaces not eovered vvith or made ofarticular eartilage {b\ue, orgray in the ease ofthe menisei) 
are lined vvith synovial membrane (mostly purple, but transparent and eolorless vvhere it is eovering non-articular surfaces ofthe femur). B. The attaeh- 
ments ofthe fìbrous layer and synovial membrane to the tibia are shown. Note that although they are adjaeent on eaeh side, they part eompany eentrally 
to aeeommodate intereondylar and infrapatellar structures that are intracapsular (inside the fìbrous layer) but extra-articular (excluded from the articular 
eavity by synovial membrane). 
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FIGIJRE 5.88. Gollateral lìgaments and bursae of knee joint. A. Fibular eollateral ligament. Purple latex was injeeted to demonstrate the extensive and 
complex articular eavity. The eavity/synovial membrane extends superiorly deep to the quadriceps, forming the suprapatellar bursa. B. Arthrogram, knee joint 
slightly fìexed. The suprapatellar bursa is infìated with GO^. C. The attaehment sites of the FCL (green) and related muscles {red, proximal; blue, distal). D. Tibial 
eollateral ligament (isolated from the fìbrous layer ofthe joint capsule, ofwhich it is a part). E. The attaehment sites of the TCL and related muscles. 
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aspeet of the fibular head, passes superomedially over the 
tendon of the poplitens, and spreads over the posterior sur- 
faee of the knee joint. Its development appears to be inversely 
related to the presenee and size of Sifahella in the proximal 
attaehment of the lateral head of gastroenemins (see blue 
box “Fabella in Gastroenemins;” Fig. B5.21 on p. 606). Both 
struetures are thonght to eontribnte to posterolateral stability 
of the knee. 


INTRA-ARTICUliAR LIGAMENTS OF KNEE JOINT 

The intra-artieular ligaments within the knee joint eonsist of 
the erneiate ligaments and menisei. The tendon of the poplit- 
eus is also intra-artieular during part of its eonrse. 

The emeiate ligaments (L. crux, a eross) erisseross within 
the joint eapsnle of the joint but outside the synovial eavity 
(Figs. 5.89 and 5.90). The erneiate ligaments are loeated in 
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(B) Anterior view with knee flexed 


FIGIJRE 5.89. Cruciate ligaments of knee joint. A. Superior aspeet of the superior articular surface of the tibia (tibial plateau), showing the medial 
and lateral eondyles (articular surfaces) and the intereondylar eminenee between them. The sites of attaehment of the cruciate ligaments are eolored 
green; those ofthe medial meniscus, pnrple; and those ofthe lateral meniscus, orange. B.The quadriceps tendon has been severed and the patella (within the 
tendon and its continuation, the patellar ligament) has been refìeeted inferiorly. The knee is fìexed to demonstrate the cruciate ligaments. 
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FIGIJRE 5.89. Cruciate lígaments of knee joint (continued). C. In these lateral and medial vievvs, the femur has been seetioned longitudinally and the near 
half has been removed vvith the proximal part ofthe eorresponding cruciate ligament. The lateral vievv demonstrates hovv the posterior cruciate ligament 
resists anterior displaeement ofthe femur on the tibial plateau. The medial view demonstrates how the anterior cruciate ligament resists posterior displaee- 
ment of the femur on the tibial plateau. D. Both heads of the gastrocnemius are refìeeted superiorly, and the bieeps femoris is refìeeted inferiorly. The 
articular eavity has been infìated with purple latex to demonstrate its continuity with the various bursae and the refìeetions and attaehments of the complex 
synovial membrane. 
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(C) Goronal MRI of right knee joint 


(D) Anterior view of eoronal 
seetion of right knee joint 


FIGIJRE 5.90. Menisei of knee joint. A. The quadriceps tendon is cut, and the patella and patellar ligament are refìeeted inferiorly and anteriorly. The 
menisei, their attaehments to the intereondylar area ofthe tibia, and the tibial attaehments of the cruciate ligaments are shown. B. The band-like tibial 
eollateral ligament is attaehed to the medial meniscus. The eord-like fìbular eollateral ligament is separated from the lateral meniscus. The posterior 
meniseofemoral ligament attaehes the lateral meniscus to the medial femoral eondyle. C and D. The numbers on the MRI study refer to the structures 
labeled in the eorresponding anatomieal eoronal seetion. (Part C courtesy of Dr. W. Kucharczyk, Professorand Neuroradiologist Senior Seientist, Depart- 
ment ofMedieal Resonanee Imaging, Llniversity Health Network, Toronto, Ontario, Ganada.) 
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the eenter of the joint and eross eaeh other obliquely, like the 
letter X. Dnring medial rotation of the tibia on the femnr, the 
erneiate ligaments wind aronnd eaeh other; thns the amonnt of 
medial rotation possible is limited to abont 10°. Beeanse they 
beeome unwound dnring lateral rotation, nearly 60° of lateral 
rotation is possible when the knee is flexed approximately 90°, 
the movement being nltimately limited by the TCL. The ehi- 
asm (erossing) of the erneiate ligaments serves as the pivot for 
rotatory movements at the knee. Beeanse of their oblique ori- 
entation, in every position one erneiate ligament, or parts of 
one or both ligaments, is tense. It is the erneiate ligaments that 
maintain eontaet with the femoral and tibial artienlar snrfaees 
dnring flexion of the knee (Fig. 5.89C). 

The anterior erneiate ligament (ACL), the weaker of 
the two erneiate ligaments, arises from the anterior intereon- 
dylar area of the tibia, jnst posterior to the attaehment of the 
medial menisens (Fig. 5.89A & B). The ACL has a relatively 
poor blood snpply. It extends snperiorly, posteriorly, and lat- 
erally to attaeh to the posterior part of the medial side of the 
lateral eondyle of the femnr (Fig. 5.89C). It limits posterior 
rolling (tnrning and traveling) of the femoral eondyles on the 
tibial platean dnring flexion, eonverting it to spin (tnrning in 
plaee). It also prevents posterior displaeement of the femnr on 
the tibia and hyperextension of the knee joint. When the joint 
is flexed at a right angle, the tibia eannot be pnlled anteriorly 
(like pnlling ont a drawer) beeanse it is held by the ACL. 

The posterior emeiate ligament (PCL), the stronger 
of the two erneiate ligaments, arises from the posterior inter- 
eondylar area of the tibia (Fig. 5.89A & D). The PCL passes 
snperiorly and anteriorly on the medial side of the ACL to 
attaeh to the anterior part of the lateral snrfaee of the medial 
eondyle of the femnr (Fig. 5.89B & C). The PCL limits ante- 
rior rolling of the femnr on the tibial platean dnring extension, 
eonverting it to spin. It also prevents anterior displaeement of 
the femnr on the tibia or posterior displaeement of the tibia on 
the femnr and helps prevent hyperflexion of the knee joint. In 
the weight-bearing flexed knee, the PCL is the main stabilizing 
faetor for the femnr (e.g., when walking downhill). 

The menisei of the knee joint are ereseentie plates 
e Vafers”) of flbroeartilage on the artienlar snrfaee of the tibia 
that deepen the snrfaee and play a role in shoek absorption 
(Figs. 5.89 and 5.90). The menisei (G. meniskos, ereseent) are 
thieker at their extemal margins and taper to thin, nnattaehed 
edges in the interior of the joint. Wedge shaped in transverse 
seetion, the menisei are flrmly attaehed at their ends to the inter- 
eondylar area of the tihia (Fig. 5.89A). Their extemal margins 
attaeh to the joint eapsnle of the knee. The eoronary ligaments 
are portions of the joint eapsnle extending between the margins 
of the menisei and most of the periphery of the tibial eondyles 
(Figs. 5.89B and 5.90A). A slender flbrons band, the transverse 
ligament of the knee, joins the anterior edges of the menisei, 
erossing the anterior intereondylar area (Fig. 5.9A) and tether- 
ing the menisei to eaeh other dnring knee movements. 

The medial menisens is C shaped, broader posteri- 
orly than anteriorly (Fig. 5.90A). Its anterior end (horn) 
is attaehed to the anterior intereondylar area of the tibia. 


anterior to the attaehment of the ACL (Figs. 5.89A & B and 
5.90A). Its posterior end is attaehed to the posterior inter- 
eondylar area, anterior to the attaehment of the PCL. The 
medial menisens flrmly adheres to the deep snrfaee of the 
TCL (Figs. 5.88D and 5.90A-D). Beeanse of its widespread 
attaehments laterally to the tibial intereondylar area and 
medially to the TCL, the medial menisens is less mobile on 
the tibial platean than is the lateral menisens. 

The lateral menisens is nearly eirenlar, smaller, and more 
freely movable than the medial menisens (Fig. 5.90A). The 
tendon of the poplitens has two parts proximally. One part 
attaehes to the lateral epieondyle of the femnr and passes 
between the lateral menisens and inferior part of the lateral 
epieondylar snrfaee of the femnr (on the tendon’s medial 
aspeet) and the FCL that overlies its lateral aspeet (Figs. 
5.88A and 5.89B & D). The other, more medial part of the 
popliteal tendon attaehes to the posterior limb of the lateral 
menisens. A strong tendinons slip, the posterior meniseo- 
femoral ligament, joins the lateral menisens to the PCL and 
the medial femoral eondyle (Figs. 5.89D and 5.90A & B). 

MOVEMENTS OF KNEE JOINT 

Flexion and extension are the main knee movements; some 
rotation oeenrs when the knee is flexed. The main move- 
ments of the knee joint are illnstrated in Fignre 5.91, and the 
mnseles prodneing them and relevant details are provided in 

Table 5.16. 

When the knee is fnlly extended with the foot on the 
gronnd, the knee passively “loeks” beeanse of medial rotation 
of the femoral eondyles on the tibial platean (the “screw-home 
meehanism”). This position makes the lower limb a solid eol- 
nmn and more adapted for weight-bearing. When the knee is 
“loeked,” the thigh and leg mnseles ean relax briefly without 
making the knee joint too nnstable. To nnloek the knee, the 
poplitens eontraets, rotating the femnr laterally abont 5° on 
the tibial platean so that flexion of the knee ean oeenr. 

Movements of Meniseí. Althongh the rolling move- 
ment of the femoral eondyles dnring flexion and extension 
is limited (eonverted to spin) by the erneiate ligaments, 
some rolling does oeenr, and the point of eontaet between 
the femnr and the tibia moves posteriorly with flexion and 
retnrns anteriorly with extension. Fnrthermore, dnring rota- 
tion of the knee, one femoral eondyle moves anteriorly on the 
eorresponding tibial eondyle while the other femoral eondyle 
moves posteriorly, rotating abont the erneiate ligaments. The 
menisei mnst be able to migrate on the tibial platean as the 
points of eontaet between femnr and tibia ehange. 

BLOOD SUPPLY OF KNEE JOINT 

The arteries snpplying the knee joint are the 10 vessels that 
form the peri-artienlar genicular anastomoses aronnd the 
knee: the genienlar branehes of the femoral, popliteal, and 
anterior and posterior reenrrent branehes of the anterior tib- 
ial reenrrent and circumflex flbnlar arteries (Figs. 5.92 and 
5.93B). The middle genienlar branehes of the popliteal artery 
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(A) Extension 





Lateral view 
of knee joint 



(B) Flexion 


(C) Medial rotation of leg, 
knee joint flexed 90° 


(D) Lateral rotation of leg, 
knee joint flexed 90° 


FIGIJRE 5.91. Movements of knee joìnt. 


TABLE 5.16. MOVEMENTS OF KNEE JOINT AND MUSCLES PRODUCING THEM 


Movement 

Degrees Possible 

Muscles Producing Movement 

Faetors Limiting 
(Gheeking) Movement 

eomments 

Primary 

Seeondary 

Extension 

Normal knees 
extend to 0° (straight 
alignmentof axes of 
tibia and femur)^ 

Quadriceps femoris 

VVeakly: tensor 
faseiae latae 

Anterior edge of lateral 
meniscus eontaets shallow 
groove between tibial and 
patellar surfaces offemoral 
eondyles; anterior cruciate 
ligamenteontaets groove in 
intereondylar fossa 

Ability of quadriceps to 
produce extension is most 
effeetive when hip joint is 
extended; flexion dimin- 
ishes its effieieney 

Flexion 

120° (hip extended); 
140° (hip flexed); 

160° passively 

Hamstrings (semi- 
tendinosus, semi- 
membranosus, long 
head of bieeps); 
short head of bieeps 

Graeilis, 

sartorius, 

gastrocnemius, 

popliteus 

Calf of leg eontaets thigh; 
length of hamstrings is also 
a faetor—more knee flexion 
is possible when hip joint is 
flexed; cannotfully flex knee 
when hip is extencled 

Normally, role of gastroe- 
nemius is minimal, but in 
presenee of a supracon- 
dylar fracture, it rotates 
(flexes) distal fragment 
of femur 

Medial 

rotation 

10° with knee 
flexed; 5° with knee 
extended 

Semitendinosus 
and semimembra- 
nosus when knee 
is flexed; popliteus 
when non-bearing 
knee is extended 

Graeilis, 

sartorius 

Gollateral ligaments, loose 
during flexion without rotation, 
beeome tautat limits 
of rotation 

VVhen extended knee is 
bearing weight, aetion of 
popliteus laterally rotates 
femur; when not bearing 
weight, popliteus medially 
rotates patella 

Lateral 

rotation 

30° 

Bieeps femoris 
when knee is flexed 


Gollateral ligaments beeome 
taut; anterior cruciate ligament 
beeomes wound around pos- 
terior cruciate ligament 

Atend of rotation, with no 
opposition, tensor faseiae 
latae ean assist in main- 
taining position 


a 


Straight alignment of axis of tibia with axis of femnr is 0°; normal range extends to -3° (3° of hyperextension). 


penetrate the fìbrons layer of the joint eapsnle and snpply 
the erneiate ligaments, synovial membrane, and peripheral 
margins of the menisei. 

INNERVATION OF 1WEE JOINT 

Refìeeting Hilton’s law, the nerves snpplying the mnseles 
erossing (aeting on) the knee joint also snpply the joint 
(Fig. 5.93D); thns artienlar branehes from the femoral (the 


branehes to the vasti), tibial, and eommon fìbnlar nerves snp- 
ply its anterior, posterior, and lateral aspeets, respeetively. In 
addition, however, the obtnrator and saphenons (entaneons) 
nerves snpply artienlar branehes to its medial aspeet. 

BURSAE AROUND KNEE JOINT 

There are at least 12 bnrsae aronnd the knee joint beeanse 
most tendons rnn parallel to the bones and pnll lengthwise 
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(A) Lateral view (B) Medial view 

FIGIJRE 5.92. Arterial anastomoses around knee. In addition to providing eollateral circulation, the genicular arteries of the genicular anastomosis 
supply blood to the structures surrounding the joint as well as to the joint itself (e.g., its joint or articular capsule). Gompare these views with the anterior 
view in Figure 5.93B. 
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(B) Anterior view 
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FIGIJRE 5.93. Joints and neurovascular structures of leg and foot. A. The tibiofibular articulations include the synovial tibiofibular joint and the tibiofib- 
ular syndesmosis; the latter is made up of the interosseous membrane of the leg and the anterior and posterior tibiofibular ligaments. The oblique direetion 
of the fibers of the interosseous membrane, primarily extending inferolaterally from the tibia, allows slight upward movement of the fibula but resists down- 
ward pull on it. B. The arterial supply ofthe joints ofthe leg and foot is demonstrated. Peri-articular anastomoses surround the knee and ankle. 
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FIGIJRE 5.93. Joints and neurovascular structures of leg and foot (continued). C. Ofthe nine muscles attaehed to the fìbula, all except one exert a down- 
ward pull on the fìbula. D. The nerve supply of the leg and foot is demonstrated. Starting with the knee and progressing distally in the limb, cutaneous nerves 
beeome inereasingly involved in providing innervation to joints, taking over eompletely in the distal foot and toes. 


aeross the joint dnring knee movements. The main bnrsae 
of the knee are illnstrated in Fignre 5.94 and deseribed in 
Table5.17. 

The subcutaneous prepatellar and infrapatellar bur- 

sae are loeated at the convex snrfaee of the joint, allovving the 
skin to be able to move freely dnring movements of the knee 

(see Figs. 5.87A and 5.88A). 

Fonr bnrsae eommnnieate with the synovial eavity of the 
knee joint: snprapatellar bnrsa, poplitens bnrsa (deep to the 
distal quadriceps), anserine bnrsa (deep to the tendinons 
distal attaehments of the sartorins, graeilis, and semitendi- 
nosns), and gastroenemins bnrsa (Figs. 5.88A and 5.89D). 
The large suprapatellar bursa (Figs. 5.86A and 5.88A) is 
espeeially important beeanse an infeetion in it may spread to 
the knee joint eavity. Althongh it develops separately from 
the knee joint, the bnrsa beeomes eontinnons with it. 

Tìbiofibular Joints 

The tibia and fibnla are eonneeted by two joints: the tihio- 
fihnlar joint and the tihiofihnlar syndesmosis (inferior tib- 
iofibnlar)joinf. In addition, an interosseons memhrane joins 


the shafts of the two bones (Fig. 5.93A). The fibers of the 
interosseons membrane and all ligaments of both tibiofibnlar 
artienlations rnn inferiorly from the tibia to the fibnla. Thns 
the membrane and ligaments strongly resist the downward 
pnll plaeed on the fibnla by eight of the nine mnseles attaehed 
to it (Fig. 5.93C). However, they allow slight upward move- 
ment of the fibnla that oeenrs when the wide (posterior) end 
of the troehlea of the talns is wedged between the malleoli 
dnring dorsifiexion at the ankle. Movement at the snperior 
tibiofibnlar joint is impossible without movement at the infe- 
rior tibiofibnlar syndesmosis. 

The anterior tibial vessels pass throngh a hiatns at the 
snperior end of the interosseons membrane (Fig. 5.93A & 
B). At the inferior end of the membrane is a smaller hiatns 
throngh which the perforating braneh of the fibnlar artery 
passes. 

TIBIOFIBUliAR JOINT 

The tibiofibular joint (snperior tibiofibnlar joint) is a plane 
type of synovial joint between the fiat faeet on the fibnlar 
head and a similar artienlar faeet loeated posterolaterally 
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FIGIJRE 5.94. Bursae around knee joint and proximal leg. 


TABLE 5.17. BURSAE AROUND KNEE JOINT 


Bursae 

Loeations 

eomments 

Suprapatellar 

Betvveen femurand tendon of quadriceps femoris 

Held in position by articular muscle of knee; 
communicates freely vvith (superior extension of) 
synovial eavity of knee joint 

Popliteus 

Betvveen tendon of popliteus and lateral eondyle of tibia 

Opens into synovial eavity of knee joint inferior to 
lateral meniscus 

Anserine 

Separates tendons of sartorius, graeilis, and semi- 
tendinosus from tibia and tibial eollateral ligament 

Area vvhere tendons of these muscles attaeh to 
tibia; resembles a goose's foot(L. pes anserinus) 

Gastrocnemius 

Deep to proKimal attaehment of tendon of medial head of 
gastrocnemius 

An extension of synovial eavity of knee joint 

Semimembranosus 

Betvveen medial head of gastrocnemius and semi- 
membranosus tendon 

Related to distal attaehmentof semimembranosus 

Subcutaneous pre- 
patellar 

Betvveen skin and anterior surface of patella 

Allovvs free movement of skin over patella during 
movements of leg 

Subcutaneous 

infrapatellar 

Betvveen skin and tibial tuberosity 

Helps knee vvithstand pressure vvhen kneeling 

Deep infrapatellar 

Betvveen patellar ligament and anterior surface of tibia 

Separated from knee joint by infrapatellar fat pad 


on the lateral tibial eondyle (Figs. 5.90B & D and 5.93A). 
A tense joint eapsnle snrronnds the joint and attaehes to the 
margins of the artienlar snrfaees of the fibnla and tibia. The 
joint eapsnle is strengthened by anterior and posterior liga- 
ments of the fihnlar head, whieh pass snperomedially from 
the fibnlar head to the lateral tibial eondyle (Fig. 5.90B). The 
joint is erossed posteriorly by the tendon of the poplitens. A 
poneh of synovial membrane from the knee joint, the poplit- 
eus hursa (Fig. 5.94; Table 5.17), passes between the tendon 
of the poplitens and the lateral eondyle of the tibia. Abont 


20% of the time, the bnrsa also eommnnieates with the syno- 
vial eavity of the tibiofibnlar joint, enabling transmigration of 
infiammatory proeesses between the two joints. 

Movement. Slight movement of the joint oeenrs dnring 
dorsifiexion of the foot as a resnlt of wedging of the troehlea 
of the talns between the malleoli (see “Artienlar Snrfaees of 

Ankle Joint,” p. 647). 

Blood Supply. The arteries of the snperior tibiofibnlar 
joint are from the inferior lateral genienlar and anterior tibial 

reenrrent arteries (Figs. 5.92A and 5.93B). 
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Nerve Supply. The nerves of the tibiofibnlar joint are 
from the eommon fibnlar nerve and the nerve to the poplit- 

ens (Fig. 5.93D). 

TIBIOFIBUliAR SYNDESMOSIS 

The tibiofibular syndesmosis is a eomponnd fibrons joint. It is 
the fibrons nnion of the tibia and fibnla by means of the interos- 
seons memhrane (nniting the shafts) and the anterior, interos- 
seons, and posterior tihiofihnlar ligaments (the latter making up 
the inferior tibiofibnlar joint, nniting the distal ends of the 
bones). The integrity of the inferior tibiofibnlar joint is essential 
for the stability of the ankle joint beeanse it keeps the lateral 
malleolns firmly against the lateral snrfaee of the talns. 

Artìcular Surfaces and Lígaments. The rongh, tri- 
angnlar artienlar area on the medial snrfaee of the inferior 
end of the fibnla artienlates with a faeet on the inferior end 
of the tibia (Fig. 5.93A). The strong deep interosseons tib- 
iofibnlar ligament, eontinnons snperiorly with the interos- 
seons membrane, forms the prineipal eonneetion between 
the tibia and the fibnla. The joint is also strengthened ante- 
riorly and posteriorly by the strong external anterior and 
posterior tibiofibnlar ligaments. The distal deep eon- 
tinnation of the posterior tibiofibnlar ligament, the inferior 
transverse (tibiofibnlar) ligament, forms a strong eon- 
neetion between the distal ends of the tibia (medial malleo- 
Ins) and the fibnla (lateral malleolns). It eontaets the talns 
and forms the posterior “waU” of a square soeket (with three 
deep walls, and a shallow or open anterior wall), the mal- 
leolar mortise, for the troehlea of the talns. The lateral 
and medial walls of the mortise are formed by the respee- 

tive malleoli (Fig. 5.95). 
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malleolus 
(outlined) 


Calcaneus 



(A) Lateral projeetion 
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joint 
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joint 
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Movement. Slight movement of the joint oeenrs to 
aeeommodate wedging of the wide portion of the troehlea of 
the talns between the malleoli dnring dorsifiexion of the foot. 

Blood Supply. The arteries are from the perforating 
braneh of the fibnlar artery and from medial malleolar branehes 
of the anterior and posterior tibial arteries (Fig. 5.93B). 

Nerve Supply. The nerves to the syndesmosis are from 
the deep fibnlar, tibial, and saphenons nerves (Fig. 5.93D). 


Ankle Joint 

The ankle joint (taloernral artienlation) is a hinge-type syno- 
vial joint. It is loeated between the distal ends of the tibia and 
the fibnla and the snperior part of the talns (Figs. 5.95 and 
5.96). The ankle joint ean be felt between the tendons on the 
anterior snrfaee of the ankle as a slight depression, approxi- 
mately 1 em proximal to the tip of the medial malleolns. 


ARTIGBLAR SURFACES OF ANKLE JOINT 

The distal ends of the tibia and fibnla (along with the inferior 
transverse part of the posterior tibiofibnlar ligament) (Fig. 
5.93A) form simalleolarmortise into whieh the pnlley-shaped 
troehlea ofithe talns fits (Figs. 5.95B and 5.96). The troehlea 
(L., pnlley) is the ronnded snperior artienlar snrfaee of the 
talns (see Fig. 5.99C). The medial snrfaee of the lateral mal- 
leolns artienlates with the lateral snrfaee of the talns. The 
tibia artienlates with the talns in two plaees: 

1. Its inferior snrfaee forms the roof ofthe malleolar mortise, 
transferring the body’s weight to the talns. 

2. Its medial malleolns artienlates with the medial snrfaee of 
the talns. 


Tibia 
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eartilage 
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end of tibia 


Ankle joint 
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Medial 
malleolos 


Body of talus 



Fibula 


Troehlea of talus 
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eartilage plate 
of distal end 
of fibula 


Lateral malleolus 


(B) Posteroanterior view (slightly oblique) 


FIGIJRE 5.95. Ankle joint demonstrated radiographieally. A. Left ankle (courtesy of Dr. P. Bobeehko and Dr. E. Beeker, Department of Medieal Imaging, 
Llniversity ofToronto, Toronto, Ontario, Ganada.) B. Anklejoint of 14-year-old boy. Epiphysial eartilage plates are evident atthisage. 
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(B) Posterior view 


FIGIJRE 5.96. Seetional anatomy of ankle region. A and B. The orientation drawing 
depiets the structures visible in the MRI ofthe ankle. (Courtesy of Dr. W. Kucharczyk, 
Professorand Neuroradiologist Senior Seientist, Department ofMedieal Resonanee 
Imaging, Llniversity Health Network, Toronto, Ontario, Ganada.) 


The malleoli grip the talus tightly as it roeks in the mor- 
tise during movements of the joint. The grip of the malleoli 
on the troehlea is strongest dnring dorsiflexion of the foot 
(as when “digging in one’s heels” when deseending a steep 
slope or dnring tug-of-war) beeanse this movement forees 
the wider, anterior part of the troehlea posteriorly between 
the malleoli, spreading the tibia and flbnla slightly apart. 
This spreading is limited espeeially by the strong interos- 
seons tibioflbnlar ligament as well as the anterior and pos- 
terior tibioflbnlar ligaments that nnite the tibia and flbnla 

(Figs. 5.96 and 5.97). 

The interosseons lìgament is deeply plaeed between the 
nearly eongrnent snrfaees of the tibia and flbnla; althongh 
demonstrated in the inset for Figure 5.93A, the ligament 
ean aetually be observed only by rnptnring it or in a eross- 
seetion. 

The ankle joint is relatively unstable dnring plantarflexion 
beeanse the troehlea is narrower posteriorly and, therefore, 
lies relatively loosely within the mortise. It is dnring plantar- 
flexion that most injnries of the ankle oeenr (nsnally as a 
resnlt of sndden, unexpeeted—and therefore inadequately 
resisted—inversion of the foot). 

JOINT CAPSULE OF ANKLE JOINT 

The joint eapsnle of the ankle joint is thin anteriorly and 
posteriorly bnt is snpported on eaeh side by strong lateral 

and medial (eollateral) ligaments (Figs. 5.97 and 5.98; thin 


areas of the eapsnle have been removed in Fig. 5.97, leav- 
ing only the reinforeed parts—the ligaments—and a synovial 
fold). Its flbrons layer is attaehed snperiorly to the borders of 
the artienlar snrfaees of the tibia and the malleoli and infe- 
riorly to the talns. The synovial membrane is loose and lines 
the flbrons layer of the eapsule. The synovial eavity often 
extends snperiorly between the tibia and the flbnla as far as 
the interosseous tibioflbnlar ligament. 

LIGAMENTS OF ANKLE JOINT 

The ankle joint is reinforeed laterally by the lateral liga- 
ment of the ankle, a eomponnd strnetnre eonsisting of 
three eompletely separate ligaments (Fig. 5.97A & B): 

1. Anterior talofihnlar ligament, a flat, weak band that 
extends anteromedially from the lateral malleolns to the 
neek of the talns. 

2. Posterior talofihnlar ligament, a thiek, fairly strong 
band that rnns horizontally medially and slightly posteri- 
orly from the malleolar fossa to the lateral tnberele of the 
talns. 

3. Galeaneofihnlar ligament, a ronnd eord that passes 
postero-inferiorly from the tip of the lateral malleolns to 
the lateral snrfaee of the ealeanens. 

The joint eapsnle is reinforeed medially by the large, strong 
medial ligament of the ankle (deltoid ligament) that 
attaehes proximally to the medial malleolns (Fig. 5.98). The 
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FIGIJRE 5.97. Disseetion of ankle joint and joints of inversion and eversion. In (A), the foot has been inverted (by plaeing a wedge under the foot) to 
demonstrate the articular surfaces and make the lateral ligaments taut. 


medial ligament fans ont from the malleolns, attaehing distally 
to the talns, ealeanens, and navienlar via fonr adjaeent and 
eontinnons parts: the tibionavicular part, the tibioealea- 
neal part, and the anterior and posterior tibiotalar parts. 

The medial ligament stabilizes the ankle joint dnring eversion 
and prevents subluxation (partial disloeation) of the joint. 

MOVEMENTS OF ANKLE JOINT 

The main movements of the ankle joint are dorsiflexion and 
plantarflexion of the foot, whieh oeenr aronnd a transverse 
axis passing throngh the talns (Fig. 5.99B). Beeanse the nar- 
row end of the troehlea of the talns lies loosely between the 


malleoli when the foot is plantarflexed, some “wobble” (small 
amonnts of abdnetion, addnetion, inversion, and eversion) is 
possible in this nnstable position. 

• Dorsiflexion of the ankle is prodneed by the mnseles in the 
anterior eompartment of the leg (see Table 5.10). Dorsi- 
flexion is nsnally limited by the passive resistanee of the 
trieeps snrae to stretehing and by tension in the medial 
and lateral ligaments. 

• Plantafflexion of the ankle is prodneed by the mnseles in 
the posterior eompartment of the leg (see Table 5.13). In 
toe daneing by ballet daneers, for example, the dorsnm of 
the foot is in line with the anterior snrfaee of the leg. 


















650 


ehapter 5 Lovver Limb 


Galeaneal tendon 

Flexor digitorom longus 
(FDL) 

Flexor hallucis longus 
(FHL) 

Tibialis posterior 
(TP) 

Medial (deltoid) 
ligament 



Bursa of 

ealeaneal 

tendon 


Quadratus plantae 
Osseofibrous tunnel 

Sustentaculum tali 
Medial tubercle of talus 

(A) Medial view 


Attaehment of 
abductor hallucis 


Medial malleolus 


Neek of 


Medial ligament 

(deltoid 
ligament) 


Ant. tibiotalar part 


Post. tibiotalar 


Tibioealeaneal part 
Tibionavicular part 


Tibialis posterior 



Groove for tibialis posterior (TP) 


Galeaneal tendon 


1st cuneiform bone>. 


Groove for flexor hallucis longus (FHL) 


Bursa of ealeaneal tendon 


Calcaneus 


Navicular bone 


Medial tubercle of talus 


(B) Medial view 


Plantar calcaneonavicular (“spring”) 
ligament and assoeiated fibers 


*Talonavicular ligament 


Sustentaculum tali 


FIGIJRE 5.98. Tendons and ligaments on medial aspeet of ankle and foot. A. The relationships ofthe fìexor tendons to the medial malleolus and sus- 
tentaculum tali are shovvn as they deseend the posterolateral aspeet of the ankle region and enter the foot. Except for the part tethering the fìexor hallucis 
longus tendon, the fìexor retinaculum has been removed. B. The four parts ofthe medial (deltoid) ligament ofthe ankle are demonstrated in this disseetion 


BLOOD SUPPLY OF ANKLE JOINT 

The arteries are derived from malleolar branehes of the fibn- 
lar and anterior and posterior tibial arteries (Fig. 5.93B). 

NERVE SUPPLY OF ANKLE JOINT 

The nerves are derived from the tibial nerve and the deep 
fibnlar nerve, a division of the eommon fibnlar nerve (Fig. 

5.93D). 

Foot Joints 

The many joints of the foot involve the tarsals, metatar- 
sals, and phalanges (Fig. 5.99; Table 5.18). The important 
intertarsal joints are the snhtalar (taloealeaneal) joint and 


the transverse tarsaljoint {ealeaneoenhoid and talonavien- 
larjoints). Inversion and eversion of the foot are the main 
movements involving these joints. The other intertarsal 
joints (e.g., interenneiform joints) and the tarsometatarsal 
and intermetatarsal joints are relatively small and are so 
tightly joined by ligaments that only slight movement oeenrs 
betvveen them. In the foot, fiexion and extension oeenr in 
the forefoot at the metatarsophalangeal and interphalangeal 
joints (Fig. 5.100A & B; Table 5.19). Inversion is angmented 
by fiexion of the toes (espeeially the great and 2nd toes), and 
eversion by their extension (espeeially of the lateral toes). All 
bones of the foot proximal to the metatarsophalangeal joints 
are nnited by dorsal and plantar ligaments. The bones of the 
metatarsophalangeal and interphalangeal joints are nnited by 
lateral and medial eollateral ligaments. 
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FIGITRE 5.99. Joints of foot. 


The subtalar joint occurs where the talus rests on and 
artienlates with the ealeanens. The anatomìeal snhtalar 
joint is a single synovial joint between the slightly eoneave 
posterior ealeaneal artienlar snrfaee of the talus and the eon- 
vex posterior artienlar faeet of the ealeanens (Figs. 5.96B 
and 5.97B). The joint eapsnle is weak but is supported by 
medial, lateral, posterior, and interosseons taloealeaneal 
ligaments (Figs. 5.96B and 5.97A). The interosseons talo- 
ealeaneal ligament lies within the tarsal sinns, which sep- 
arates the snbtalar and taloealeaneonavienlar joints, and is 
espeeially strong. Orthopaedie snrgeons use the term suh- 
talarjoint for the compound fnnetional joint eonsisting of 
the anatomieal snbtalar joint plus the taloealeaneal part 
of the taloealeaneonavienlar joint. The two separate 


elements of the elinieal snhtalar joint straddle the taloeal- 
eaneal interosseons ligament. Structurally, the anatomieal 
defìnition is logieal beeanse the anatomieal snbtalar joint is 
a diserete joint, having its own joint eapsnle and artienlar 
eavity. Fnnetionally, however, the elinieal defìnition is logi- 
eal beeanse the two parts of the eomponnd joint fnnetion as 
a unit; it is impossible for them to fnnetion independently. 
The snbtalar joint (by either defìnition) is where the major- 
ity of inversion and eversion oeenrs, aronnd an axis that is 
oblique. 

The transverse tarsal joint is a compound joint 
formed by two separate joints aligned transversely: the 

talonavienlar part of the taloealeaneonavienlar joint 

(text eontinnes on p. 654) 
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TABLE5.18. JOINTS OF FOOT 


J oint 

Type 

Articulating 

Surfaces 

J ointCapsule 

Ligaments 

Movements 

Blood 

Supply 

Nerve 

Supply 

Subtalar 
(taloealeaneal, 
anatomieal sub- 
talar Joint) 

Plane 

synovial 

joint 

lnferiorsurface 
of body of talus 
(posterioreal- 
eaneal articular 
faeet) articulates 
with superiorsur- 
faee (posterior 
talar articular 
surface) of 
calcaneus 

Fibrous layer of 
jointcapsule is 
attaehed to mar- 
gins of articular 
surfaces 

Medial, lateral, 
and posterior 
taloealeaneal 
ligaments sup- 
portcapsule; 
interosseous 
taloealeaneal 
ligament binds 
bones together 

Inversion 
and eversion 
of foot 

Posterior 
tibial and 
fibular 
arteries 

Plantar 
aspeet: 
medial or 
lateral plan- 
tar nerve 

Dorsal 

aspeet: deep 
fibular nerve 

Taloealeaneo- 

navicular 

Synovial 
joint; talo- 
navieolar 
part is 
ball and 
soeket 
type 

Head of talus 
articulates with 
calcaneus and 
navicular bones 

J ointcapsule 
ineompletely 
eneloses joint 

Plantar ealea- 
neonavicular 
(spring) ligament 
supports head of 
talus 

Gliding and 
rotatory 
movements 
possible 

Anterior 
tibial artery 
via lateral 
tarsal artery, 
a braneh 
of dorsalis 
pedis artery 
(dorsal 
artery of 
foot) 

Calcaneocuboid 

Plane 

synovial 

joint 

Anteriorend 
of calcaneus 
articulates with 
posterior surface 
of cuboid 

Fibrous capsule 
eneloses joint 

Dorsal ealeaneo- 
cuboid ligament, 
plantar ealeaneo- 
cuboid, and long 
plantar ligaments 
supportjoint 
capsule 

Inversion 
and ever- 
sion of 
foot; circum- 
duction 

Cuneonavicular 

Joint 


Anterior navicu- 
lar articulates 
with posterior 
surfaces of 
eoneiforms 

Gommon eap- 
sule eneloses 
joints 

Dorsal and plan- 
tar cuneonavicu- 
lar ligaments 

Little move- 
mentoccurs 

Tarsometatarsal 


Anteriortarsal 
bones articu- 
late with bases 
of metatarsal 
bones 

Separate 
jointcapsules 
enelose eaeh 
joint 

Dorsal, plantar, 
and interosseous 
tarsometatarsal 
ligaments bind 
bones together 

Gliding or 
sliding 

Deep fibular; 
medial and 
lateral plan- 
tar nerves; 
sural nerve 

Intermetatarsal 

Plane 

synovial 

joint 

Bases of meta- 
tarsal bones 
articulate with 
eaeh other 

Separate 
jointcapsules 
enelose eaeh 
joint 

Dorsal, plantar, 
and interosseous 
intermetatarsal 
ligaments bind 
lateral four meta- 
tarsal bones 
together 

Little indi- 
vidual move- 
mentoccurs 

Lateral 
metatarsal 
artery 
(a braneh 
of dorsalis 
pedis artery) 

Digital 

nerves 

Metatarso- 

phalangeal 

Gondyloid 

synovial 

joint 

Heads of meta- 
tarsal bones 
articulate with 
bases 
of proKÌmal 
phalanges 

Gollateral liga- 
ments support 
capsule on eaeh 
side; plantar liga- 
mentsupports 
plantar part of 
capsule 

Flexion, 

extension, 

and some 

abduction, 

adduction, 

and circum- 

duction 

Interphalangeal 

Hinge 

synovial 

joint 

Head of one 
phalanx articu- 
iates with base 
of one distal to it 

Gollateral and 
plantar ligaments 
supportjoints 

Flexion and 
extension 

Digital 
branehes of 
plantar areh 

























(A) Flexion (B) Extension 



(C) Abduction (D) Adducted 

(reiaxed position) 

FIGIJRE 5.100. Movements of joìnts of forefoot. 


TABLE 5.19. MOVEMENTS OFJOINTS OF FOREFOOT AND MUSCIiES PRODUCING THEM 


Movement (letters referto Fig. 5.100) 

Muscles^ 

Metatarsophalangeal joints 


Flexion (A) 

Fiexor digitorum brevis 

Lumbricais 

Interossei 

Flexor hallucis brevis 

Flexor hallucis longus 

Flexor digit minimi brevis 

Flexor digitorum longus 

Extension (B) 

Extensor hallucis longus 

Extensor digitorum longus 

Extensor digitorum brevis 

Abduction (C) 

Abductor hallucis 

Abductor digiti minimi 

Dorsal interossei 

Adduction (D) 

Adductor hallucis 

Plantar interossei 

Interphalangeal joints 


Flexion (fig. A) 

Flexor hallucis longus 

Flexor digitorum longus 

Flexor digitorum brevis 

Quadratus plantae 

Extension (fig. B) 

Extensor hallucis longus 

Extensor digitorum longus 

Extensor digitorum brevis 


a Muscles in boldfaee are ehiefly responsible for the movement; the other muscles assistthem. 



















654 


ehapter 5 Lovver Limb 


and the calcaneocuboid joint (Fig. 5.99B & C). At this 
joint, the midfoot and forefoot rotate as a nnit on the hindfoot 
aronnd a longitndinal (AP) axis, angmenting the inversion 
and eversion movements oeenrring at the elinieal snbtalar 
joint. Transeetion aeross the transverse tarsal joint is a stan- 
dard method for snrgieal ampntation of thefoot. 

MAJOR LIGAMENTS OF FOOT 

The major ligaments of the plantar aspeet of the foot (Fig. 

5.101) are the: 

• Plantar ealeaneonavienlar ligament (spring liga- 
ment), which extends aeross and fills a wedge-shaped 
gap between the snstentaenlnm tali and the inferior 
margin of the posterior artienlar snrfaee of the navienlar 
(Fig. 5.101A & B). The spring ligament snpports the head 
of the talns and plays important roles in the transfer of 
weight from the talns and in maintaining the longitndinal 
areh of the foot, of which it is the keystone (snperiormost 
element). 

• Long plantar ligament, which passes from the plan- 
tar snrfaee of the ealeanens to the groove on the enboid. 
Some of its fibers extend to the bases of the metatarsals, 
thereby forming a tnnnel for the tendon of the fibnlaris 
longns (Fig. 5.101A). The long plantar ligament is impor- 
tant in maintaining the longitndinal areh of the foot. 

• Plantar ealeaneoenboid ligament (short plantar liga- 
ment), which is loeated on a plane between the plan- 
tar ealeaneonavienlar and the long plantar ligaments 
(Fig. 5.101B). It extends from the anterior aspeet of the 
inferior snrfaee of the ealeanens to the inferior snrfaee of 
the enboid. It is also involved in maintaining the longitn- 
dinal areh of the foot. 

ARGHES OF FOOT 

If the feet were more rigid strnetnres, eaeh impaet with 
the gronnd would generate extremely large forees of short 
dnration (shoeks) that would be propagated throngh the 
skeletal system. Beeanse the foot is eomposed of nnmer- 
ons bones eonneeted by ligaments, it has eonsiderable 
fiexibility that allows it to deform with eaeh gronnd eon- 
taet, thereby absorbing mneh of the shoek. Fnrthermore, 
the tarsal and metatarsal bones are arranged in longitndi- 
nal and transverse arehes passively snpported and aetively 
restrained by fiexible tendons that add to the weight- 
bearing eapabilities and resilieney of the foot. Thns, mneh 
smaller forees of longer dnration are transmitted throngh 
the skeletal system. 

The arehes distribnte weight over the pedal platform 
(foot), aeting not only as shoek absorbers bnt also as spring- 
boards for propelling it dnring walking, rnnning, and jnmp- 
ing. The resilient arehes add to the foot’s ability to adapt 
to ehanges in snrfaee eontonr. The weight of the body is 
transmitted to the talns from the tibia. Then it is transmit- 
ted posteriorly to the ealeanens and anteriorly to the “ball of 


the foot” (the sesamoids of the Ist metatarsal and the head 
of the 2nd metatarsal), and that weight/pressure is shared 
laterally with the heads of the 3rd-5th metatarsals as nee- 
essary for balanee and eomfort (Fig. 5.102). Between these 
weight-bearing points are the relatively elastie arehes of the 
foot, which beeome slightly fiattened by body weight dnr- 
ing standing. They normally resnme their enrvatnre (reeoil) 
when body weight is removed. 

The longitndinal areh of the foot is eomposed of 
medial and lateral parts (Fig. 5.103). Fnnetionally, both 
parts aet as a nnit with the transverse areh of the foot, 
spreading the weight in all direetions. The medial longi- 
tndinal areh is higher and more important than the lateral 
longitndinal areh (Fig. 5.103A & B). The medial longitn- 
dinal areh is eomposed of the ealeanens, talns, navienlar, 
three enneiforms, and three metatarsals. The talar head is 
the keystone of the medial longitndinal areh. The tibialis 
anterior and posterior, via their tendinons attaehments, 
help snpport the medial longitndinal areh. The fibnlaris 
longns tendon, passing from lateral to medial, also helps 
snpport this areh (Fig. 5.103C & E). The lateral longitn- 
dinal areh is mneh fiatter than the medial part of the areh 
and rests on the gronnd dnring standing (Fig. 5.103B & 
D). It is made up of the ealeanens, enboid, and lateral two 
metatarsals. 

The transverse areh of the foot rnns from side to side 
(Fig. 5.103C). It is formed by the enboid, enneiforms, and 
bases of the metatarsals. The medial and lateral parts of the 
longitndinal areh serve as pillars for the transverse areh. The 
tendons of the fibnlaris longns and tibialis posterior, erossing 
nnder the sole of the foot like a stirrnp (Fig. 5.103C), help 
maintain the enrvatnre of the transverse areh. The integrity 
of the bony arehes of the foot is maintained by both passive 
faetors and dynamie snpports (Fig. 5.103E). 

Passive faetors involved in forming and maintaining the 
arehes of the foot inelnde: 

• The shape of the nnited bones (both arehes, bnt espeeially 
the transverse areh). 

• Fonr sneeessive layers of fibrons tissne that bowstring the 
longitndinal areh (snperfieial to deep): 

1. Plantar aponenrosis. 

2. Long plantar ligament. 

3. Plantar ealeaneoenboid (short plantar) ligament. 

4. Plantar ealeaneonavienlar (spring) ligament. 

Dynamie snpports involved in maintaining the arehes of the 
foot inelnde: 

• Aetive (refiexive) braeing aetion of intrinsie mnseles of 
foot (longitndinal areh). 

• Aetive and tonie eontraetion of mnseles with long tendons 
extending into foot: 

• Flexors hallneis and digitornm longns for the longitn- 
dinal areh. 

• Fibnlaris longns and tibialis posterior for the trans- 
verse areh. 
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Plantar intermetatarsal 
ligaments 


Plantar tarsometatarsal 
ligaments 


Cuboid 


Tendon of- 

fìbularis longus (FL) 

Plantar calcaneocuboid 


ligament (short plantar ligament) 


Long plantar 
ligament 


Calcaneus 


(A) 



Metatarsals 



Plantar tarsometatarsal 
ligaments 

1st cuneiform 


Tibialis anterior (TA) 


Navicular 


Plantar calcaneonavicular 
ligament (spring ligament) 

Sustentaculum tali 
Medial malleolus 


Tibialis posterior (TP) 


Groove for 

flexor hallucis longus (FHL) 
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1 st metatarsal 
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ligaments 
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ligament (spring ligament) 



Sustentaculum tali 


Medial (deltoid) ligament 


(B) 


V 


Calcaneus 


Plantar views 


FIGIJRE 5.101. Plantar ligaments. A and B. Sequential stages ofa eJeep eJisseetion ofthe sole ofthe right foot showingthe attaehments ofthe ligaments 
and the tendons of the long evertor and invertor muscles. 
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Sesamoid bones of 
1st metatarsal 
and head of 2nd 
metatarsal bones 

Heads of 3rd to 
5th metatarsal 
bones 


Tuberosity of calcaneus 


Plantar view 

FIGIJRE 5.102. VVeight-bearing areas of foot. Body vveight is divided 
approximately equally between the hindfoot (calcaneus) and the forefoot 
(heads of the metatarsals). The forefoot has five points of eontaet with the 
ground: a large medial one that includes the two sesamoid bones assoei- 
ated with the head ofthe Ist metatarsal and the heads ofthe lateral four 
metatarsals. The Ist metatarsal supports the major share ofthe load, with 
the lateral forefoot providing balanee. 


Of these faetors, the plantar ligaments and the plantar apo- 
nenrosis bear the greatest stress and are most important in 
maintaining the arehes of the foot. 


Surface Anatomy of Joìnts 
of Knee, Ankle, and Foot 

The knee region is between the thigh and the leg (Fig. 5.104A). 
Snperior to it are the large bnlges formed by the vasta lateralis 
and medialis. Snperolateral to the knee is the iliotihial traet, 
which ean be followed inferiorly to the anterolateral (Gerdy) 
tnherele of the tihia. The patella, easily palpated and moveable 
from-side-to side dnring extension, lies anterior to the femoral 
eondyles (palpable to eaeh side of the middle of the patella). 
Extending from the apex of the patella, the patellar ligament is 
easily visible, espeeially in thin people, as a thiek band attaehed 
to the prominent tihial tnherosity. The plane of the kneejoint, 
between femoral eondyles and tibial platean, may be palpated 
on eaeh side of the jnnetion of patellar apex and ligament when 
the knee is extended. Laterally, the head of thefihnla is readily 
loeated by following the tendon of the hieeps femoris inferiorly. 
This tendon is partienlarly prominent when the knee is par- 
tially flexed (Fig. 5.104B). Thefihnlar eollateral ligament may 
be palpated as a eord-like strnetnre snperior to the flbnlar head 
and anterior to bieeps tendon, when the knee is fnlly flexed. 

The prominenees of the lateral and medial malleoli provide 
an approximation of the axis of the anklejoint (Fig. 5.104C-E). 
When the ankle is plantarflexed, the anterior border of the distal 
end of the tibia is palpable proximal to the malleoli, providing an 
indieation of the joint plane of the ankle joint. The snstentaen- 
lum tali, approximately 2 em distal to the tip of the medial malle- 
olns, is best felt by palpating it from below where it is somewhat 
obsenred by the tendon of the fiexor digitomm longns, which 
erosses it. On the lateral side, when the foot is inverted, the 


Intermediate 

cuneiform 


ilar 


TqIi io 


Caicaneus 


Mediai cuneiform 



Cuboid 


First metatarsai 


X 



Laterai cuneiform 


5th metatarsai 



r 


(A) Medial longitudinal areh (medial view) 


(B) Lateral longitudinal areh (lateral view) 


Tendon of tibiaiis posterior 



(C) Transverse areh (anterior view) 


Mediai iongitudinai areh (dark) 



Laterai iongitudinai areh (light) 

(D) Superior view * jhe caicaneus is eommon 

to both iongitudinai arehes 


FIGIJRE 5.103. Arehes offoot. A and B.The medial longitudinal areh is higherthan the lateral longitudinal areh, which may eontaet the ground when 
standing ereet. C. The transverse areh is demonstrated at the level of the cuneiforms, reeeiving stirrup-like support from a major invertor (tibialis posterior) 
and evertor (fibularis longus). D. The eomponents of the medial (darkgray) and lateral {lightgray) longitudinal arehes are indieated. The calcaneus {mediam 
gray) is eommon to both. The medial areh is primarily weight-bearing, whereas the lateral areh provides balanee. 
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Dynamie support 


Tibialis posterior 
Tibialis anterior 

Flexor hallucis longus 


Fibularis longus 

intrinsie plantar 
muscles 



Galeaneal tendon 


Passive support 


(1) Plantar aponeurosis 




Plantar 

calcaneonavicular 
ligament (4) 


Long plantar ligament (2) 
Short plantar ligament (3) 


(E) Medial longitudinal areh (medial view) 

FIGURE 5.103. Arehesoffoot (continued). E. The aetive {redlines) and passive (gray) supports of the longitudinal arehes are represented. There are four 
layers of passive support ( 1-4). 


lateral margin of the anterior snrfaee of the ealeanens is 
nneovered and palpable. This indieates the site of the ealeaneo- 
enhoidjoint. When the foot is plantarflexed, the head of the talns 
is exposed. Palpate it dorsal to where the anterior snrfaee of the 
ealeanens is felt. The ealeaneal tendon at the posterior aspeet 
of the ankle is easily palpated and traeed to its attaehment to 
the ealeaneal tnherosity. In the depression on eaeh side of the 
tendon, the ankle joint is snperfleial. When the joint is overfllled 
with flnid, these depressions may be obliterated. The transverse 
tarsaljoint is indieated by a line from the posterior aspeet of the 


tnberosity of the navienlar to a point halfway between the lateral 
malleolns and the tnberosity of the 5th metatarsal. 

The metatarsophalangeal joint of the great toe lies 
distal to the knnekle formed by the head of the Ist meta- 
tarsal. Gout, a metabolie disorder, eommonly eanses edema 
and tenderness of this joint, as does osteoarthritis (degen- 
erative joint disease). Severe pain in the Ist metatarsopha- 
langeal joint is ealled podagra (from G. pous + G. agra, a 
seiznre). Often the Ist metatarsophalangeal joint is the flrst 
one affeeted by arthritis. 
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(A) Anterior view - knee extended 


(B) Laterai view - knee partiaiiy fiexed 


FIGURE 5.104. Surface anatomy of the joints of the knee, leg, ankle, and foot. 
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FIGIJRE 5.104. Surface anatomy of the joints of the knee, leg, ankle, and foot {continued). 
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JOINTS OF LOWER LIMB 

Bìpedalism and Congruity of Artienlar 
Snrfaees of Hip Joint 


Fraetnres of Femoral Neek 


Fraetnres of the neek of the femur (unfortunately 
referred to as “fraetnred hips,” implying that the hip 
hone is hroken) are nneommon in most eontaet 



The acetabulum is direeted inferiorly, laterally, and sports beeanse the partieipants are usually young and the 
anteriorly in hnmans. The weight-bearing ihae por- femoral neek is strong in people <40 years of age. When they 

tion of the aeetabnlar lim overlies the femoral head, do occur in this age group, these fractures usually result from 

which is important for transfer of weight to the femur in the high-energy impaets (e.g., dnring raee-ear aeeidents, skiing. 



ereet (standing/walking) position (Figs. 5.77A and 5.79C). 


trampoline, and equestrian events) when the lower limb is 


Consequently, of the positions eommonly assnmed by extended and the foree of the impaet is transmitted to the hip 

hnmans, the hip joint is meehanieally most stable when a joint, even if applied at some distanee from the joint. For 

person is bearing weight, as when lifting a heavy objeet, example, if the foot is firmly braeed against the ear floor vdth 

for example. Deereases in the degree to whieh the ilium the knee loeked, or if the knee is braeed against the dash- 

overlies the femoral head (deteetable radiographieally as board dnring a head-on eollision, the foree of the impaet may 

the angle of Wiberg—Fig. 5.79C & D) may indieate joint be transmitted snperiorly and prodnee a femoral neek frae- 


instability. 


tnre. Femoral neek fraetnres are espeeially eommon in indi- 


Beeanse of the anterior direetion the axis of the aeetabn- vidnals >60 years, espeeially in women, beeanse their femoral 


Inm and the posterior direetion of the axis of the femoral 


neeks are more often weak and brittle, as a resnlt of osteopo- 


head and neek as it extends laterally (owing to the torsion rosis (Fig. B5.29). Fraetnres of the femoral neek are often 
angle—disenssed earlier on page. 518), there is an angle of intraeapsnlar, and realignment of the neek fragments 
30-40° between their axes (Fig. B5.28). Consequently, the requires intemal skeletal flxation. 


Fraetnres of the femoral neek eanse lateral rotation of the 


artienlar snrfaees of the head and aeetabnlnm are not fnlly 
eongrnent in the ereet (bipedal) postnre. The anterior part of lower limb. Fraetnres of the femoral neek often disrnpt the 

the femoral head is “exposed” and artienlates mostly with the blood snpply to the head of the femnr. Most of the blood to 

joint eapsnle (Figs. 5.79C, 5.80, 5.81A & C, and 5.84). None- the head and neek of the femnr is snpplied by the medial 

theless, rarely is >40% of the available artienlar snrfaee of the circumflex femoral artery (Fig. 5.82). The retinaenlar arteries 

femoral head in eontaet with the snrfaee of the aeetabnlnm arising from this artery are often torn when the femoral neek 


in any position. 


is fraetnred or the hip joint is disloeated. Following some 


Relative to other joints and in view of the large size of the femoral neek fraetnres, the artery to the ligament of the fem- 

hip joint, this is extensive eontaet, eontribnting eonsiderably oral head may be the only remaining sonree of blood to the 


to the joint’s great stability. 


proximal fragment. This artery is frequently inadequate for 
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FIGURE B5.28. 
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FIGURE B5.29. 


maintaining the femoral head; consequently, the fragment 
may undergo aseptie vasenlar neerosis (tissue death). 



Surgical Hip Replaeement 

Although the hip joint is strong and stable, it is sub- 
jeet to severe traumatic injury and degenerative 
disease. Osteoarthritis of the hip joint, eharaeter- 
ized by pain, edema, limitation of motion, and erosion 
of artienlar eartilage, is a eommon cause of disability 
(Fig. B5.30A). During hip replaeement, a metal prosthesis 
anehored to the person’s femur by bone eement replaees the 
femoral head and neek (Fig. B5.30B). A plastie soeket 
eemented to the hip bone replaees the acetabulum. 



Normal hip 



(A) Hip with moderate arthritis 



(B) Hip prosthesis 


FIGURE B5.30. 


Neerosis of Femoral Head in Ghildren 


In ehildren, tranmatie disloeations of the hip 
joint dismpt the artery to the head of the 
femur. Fractures that result in separation of 
the snperior femoral epiphysis (the growth plate between the 
femoral head and neek) are also likely to result in an inadequate 




blood supply to the femoral head and in post-traumatic avascu- 
lar neerosis of the head of thefemar. As a result, ineongmity of 
the joint snrfaees develops, and growth at the epiphysis is 
retarded. Such eonditions, most eommon in ehildren 3-9 years 
of age, prodnee hip pain that may radiate to the knee. 



Disloeation of Hip Joint 

Oongenital disloeation of the hipjoint is eommon, 
oeenrring in approximately 1.5 per 1000 neonates; 
it is bilateral in approximately half the eases. Girls 
are affeeted at least eight times more often than boys (Salter, 
1999). Disloeation occurs when the femoral head is not prop- 
erly loeated in the acetabulum. Inability to abduct the thigh 
is eharaeteristie of eongenital disloeation. In addition, the 
affeeted limb appears (and fnnetions as if it is) shorter 
beeanse the disloeated femoral head is more snperior than on 
the normal side, resnlting in a positive Trendelenhnrg sign 
(hip appears to drop on one side during walking). 
Approximately 25% of all eases of arthritis of the hip in adults 
are the direet result of residual defeets from eongenital dis- 
loeation of the hip. 

Acquired disloeation of the hipjoint is nneommon beeanse 
this artienlation is so strong and stable. Nevertheless, disloea- 
tion may occur during an antomobile aeeident when the hip 
is flexed, addneted, and medially rotated, the usual position 
of the lower limb when a person is riding in a ear. 

Posterior disloeations of the hipjoint are most eommon. A 
head-on eollision that causes the knee to strike the dashboard 




Head of femor is driven 
posteriorly, out of acetabulum 


Posterior disloeation 
of the right hip joint 


FIGURE B5.31. 
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may disloeate the hip when the femoral head is foreed ont 
of the aeetabnlnm (Fig. B5.31A). The joint eapsnle rnptnres 
inferiorly and posteriorly, allowing the femoral head to pass 
throngh the tear in the eapsnle, and over the posterior mar- 
gin of the aeetabnlnm onto the lateral snrfaee of the ilinm, 
shortening and medial rotating the limb (Fig. B5.31B). 

Beeanse of the elose relationship of the seiatie nerve to the 
hip joint (Fig. 5.80A), it may be injnred (stretehed and/or eom- 
pressed) dnring posterior disloeations or fraetnre-disloeations 
of the hip joint. This kind of injnry may resnlt in paralysis of 
the hamstrings and mnseles distal to the knee snpplied by the 
seiatie nerve. Sensory ehanges may also oeenr in the skin over 
the posterolateral aspeets of the leg and over mneh of the foot 
beeanse of injnry to sensory branehes of the seiatie nerve. 

Anterior disloeation of the hip joint resnlts from a violent 
injnry that forees the hip into extension, abdnetion, and lateral 
rotation (e.g., eatehing a ski tip when snow skiing). In these 
eases, the femoral head is inferior to the aeetabnlnm. Often, the 
aeetabnlar margin fraetnres, prodneing sl fraetnre-disloeation 
of the hipjoint. When the femoral head disloeates, it nsnally 
earries the aeetabnlar bone fragment and aeetabnlar labrnm 
with it. These injnries also oeenr with posterior disloeations. 


Genu Valgum and Genu Vanim 

The femnr is plaeed diagonally within the thigh. 



whereas the tibia is almost vertieal within the leg, 
ereating an angle at the knee between the long axes 
of the bones (Fig. B5.32A). The angle between the two bones, 
referred to elinieally as the Q-angle, is assessed by drawing a 
line from the ASIS to the middle of the patella and extrap- 
olating a seeond (vertieal) line passing throngh the middle of 
the patella and tibial tnberosity (Fig. 5.84). The Q-angle is 
typieally greater in adnlt females, owing to their wider pelves. 
When normal, the angle of the femnr within the thigh plaees 


the middle of the knee joint direetly inferior to the head of the 
femnr when standing, eentering the weight-bearing line in the 
intereondylar region of the knee (Fig. B5.32A). 

A medial angnlation of the leg in relation to the thigh, in 
which the femnr is abnormally vertieal and the Q-angle is 
small, is a deformity ealled genu varum (bowleg) that eanses 
unequal weight-bearing: The line of weight-bearing falls 
medial to the eenter of the knee (Fig. B5.32B). Excess pres- 
snre is plaeed on the medial aspeet of the knee joint, which 
resnlts in arthrosis (destrnetion of knee eartilages), and the 
fibnlar eollateral ligament is overstressed (Fig. B.32D). A 
lateral angnlation of the leg (large Q-angle, >17°) in relation 
to the thigh (exaggeration of the knee angle) is ealled genu 
valgam (knoek-knee) (Fig. B5.32C). Beeanse of the exagger- 
ated knee angle in genn valgnm, the weight-bearing line falls 
lateral to the eenter of the knee. Consequently, the tibial eol- 
lateral ligament is overstretehed, and there is excess stress on 
the lateral menisens and eartilages of the lateral femoral and 
tibial eondyles. The patella, normally pnlled laterally by the 
tendon of the vastns lateralis, is pnlled even farther laterally 
when the leg is extended in the presenee of genn valgnm so 
that its artienlation with the femnr is abnormal. 

ehildren eommonly appear bowlegged for 1-2 years after 
starting to walk, and knoek-knees are frequently observed in 
ehildren 2-4 years of age. Persistenee of these abnormal knee 
angles in late ehildhood nsnally means eongenital deformities 
exist that may reqmre eorreetion. Any irregnlarity of a joint 
eventnally leads to wear and tear (arthrosis) of the artienlar earti- 
lages and degenerative joint ehanges {osteoarthritis [arthrosis]). 


Patellar Disloeation 



When the patella is disloeated, it nearly always dis- 
loeates laterally. Patellar disloeation is more eom- 
mon in women, presnmably beeanse of their greater 




tQ-angle 




(D) Osteoarthritis (arthrosis) 


FIGURE B5.32. 
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Q-angle, which, in addition to representing the oblique 
plaeement of the femnr relative to the tibia, represents the 
angle of pnll of the quadriceps relative to the axis of the 
patella and tibia (the term Q-angle was aetnally eoined in 
referenee to the angle of pnll of the quadriceps). The ten- 
deney toward lateral disloeation is normally eonnterbalaneed 
by the medial, more horizontal pnll of the powerful vastns 
medialis. In addition, the more anterior projeetion of the lat- 
eral femoral eondyle and deeper slope for the larger lateral 
patellar faeet provide a meehanieal deterrent to lateral dislo- 
eation. An imbalanee of the lateral pnll and the meehanisms 
resisting it resnlt in abnormal traeking of the patella within 
the patellar groove and ehronie patellar pain, even if aetnal 
disloeation does not oeenr. 

Patellofemoral Syndrome 

Pain deep to the patella often resnlts from excessive 
rnnning, espeeially downhill; henee, this type of 
pain is often ealled “rnnner’s knee.” The pain resnlts 
from repetitive mierotranma eansed by abnormal traeking of 
the patella relative to the patellar snrfaee of the femnr, a eon- 
dition known as the patellofemoral syndrome. This syndrome 
may also resnlt from a direet blow to the patella and from 
osteoarthritis of the patellofemoral eompartment (degenera- 
tive wear and tear of artienlar eartilages). In some eases, 
strengthening of the vastns medialis eorreets patellofemoral 
dysfanetion. This mnsele tends to prevent lateral disloeation 
of the patella resnlting from the Q-angle beeanse the vastns 
medialis attaehes to and pnlls on the medial border of the 
patella. Henee, weakness of the vastns medialis predisposes 


the individnal to the patellofemoral dysfnnetion and patellar 
disloeation. 

Knee Joint Injnries 

Knee joint injnries are eommon beeanse the knee is 
a low-placed, mobile, weight-bearing joint, serving 
as a fnlernm between two long levers (thigh and 
leg). Its stability depends almost entirely on its assoeiated 
ligaments and snrronnding mnseles. 

The knee joint is essential for everyday aetivities sneh as 
standing, walking, and elimbing stairs. It is also a main joint 
for sports that involve rnnning, jnmping, kieking, and ehang- 
ing direetions. To perform these aetivities, the knee joint 
mnst be mobile; however, this mobility makes it snseeptible 
to injnries. 

The most eommon knee injnry in eontaet sports is liga- 
ment sprain, which oeenrs when the foot is fìxed in the 
gronnd (Fig. B5.33A). If a foree is applied against the knee 
when the foot eannot move, ligament injnries are likely to 
oeenr. The tibial and fìbnlar eollateral ligaments (TCL and 
FCL) are tightly stretehed when the leg is extended, nor- 
mally preventing disrnption of the sides of the knee joint. 

The fìrm attaehment of the TCL to the medial menisens 
is of eonsiderable elinieal signifìeanee beeanse tearing of this 
ligament frequently resnlts in eoneomitant tearing of the 
medial menisens. The injnry is frequently eansed by a blow 
to the lateral side of the extended knee, or excessive lateral 
twisting of the fìexed knee that disrnpts the TCL and eon- 
eomitantly tears and/or detaehes the medial menisens from 
the joint eapsnle (Fig. B5.33A). This injnry is eommon in 




Anterior cruciate 
ligament (torn) 


(A) 



Tvvisting 

motion 


Tibial eollateral 
ligament (torn) 


Medial meniscus 



Compounded knee injuries 


FIGURE B5.33. 
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(B) Anterìor dravver sign (ACL) 



Half of bone 
is removed 
to show 
ligaments 


Anterior cruciate 


The anterior cruciate ligament 
prevents the femur from sliding posteriorly 
on the tibia and hyperextension of the knee 
and limits medial rotation of the femur when 


ligament (torn) 


the foot is on the ground, and the leg is flexed. 



(C) Posterior drawer sign (PCL) 



Posterior cruciate 
ligament (torn) 


The posterior cruciate ligament prevents 
the femur from sliding anteriorly on the tibia, 
particularly when the knee is flexed. 


FIGUREB5.33. (continued). 


athletes who twist their flexed knees while rnnning (e.g., in 


basketball, the varions forms of football, and volleyball). The 
ACL, whieh serves as a pivot for rotatory movements of the 
knee, and is tant dnring flexion, may also tear subsequent to 
the rnptnre of the TCL, ereating an “nnhappy triad” of knee 


• • 


mjnries. 

Hyperextension and severe foree direeted anteriorly 
against the femnr with the knee semiflexed (e.g., a eross- 
body bloek in football) may tear the ACL. ACL rupture is 
also a eommon knee injnry in skiing aeeidents. This injnry 
eanses the free tibia to slide anteriorly nnder the flxed femnr, 
known as the anterior dratoersign (Fig. B5.33B); it is tested 
elinieally via the Laehman test. The ACL may tear away from 
the femnr or tibia; however, tears eommonly oeenr in the 
midportion of the ligament. 

Althongh strong, PCL ruptures may oeenr when a player 


lands on the tibial tnberosity with the knee flexed (e.g., when 


knoeked to the floor in basketball). PCL rnptnres nsnally 
oeenr in eonjnnetion with tibial or flbnlar ligament tears. 


These injnries ean also oeenr in head-on eollisions when seat 
belts are not worn and the proximal end of the tibia strikes 
the dashboard. PCL rnptnres allow the free tibia to slide pos- 
teriorly nnder the flxed femnr, known as the posterior dratoer 

sign (Fig. B5.33C). 

Meniseal tears nsnally involve the medial menisens. The 
lateral menisens does not nsnally tear beeanse of its mobil- 
ity. Pain on lateral rotation of the tihia on the femnr indi- 
eates injnry of the lateral menisens (Fig. B5.34A), whereas 
pain on medial rotation of the tihia on the femnr indieates 
injnry of the medial menisens (Fig. B5.34B). Most meniseal 
tears oeenr in eonjnnetion with TCL or ACL tears. Periph- 
eral meniseal tears ean often be repaired, or they may heal 
on their own beeanse of the generons blood snpply to this 
area. If tears do not heal or eannot repaired, the menisens 
is removed (e.g., by arthroseopie snrgery). Knee joints from 
whieh a menisens has been removed snffer no loss of mobil- 
ity; however, the knee may be less stable and the tibial pla- 
teans often nndergoes inflammatory reaetions. 
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FIGURE B5.34. 



Arthroseopy of Knee Joint 

Arthroseopy is an endoseopie examination that 
allows visnalization of the interior of the knee joint 
eavity with minimal disrnption oftissne (Fig. B5.35). 
The arthroseope and one (or more) additional cannula(e) are 
inserted throngh tiny ineisions, known as portals. The seeond 
eannnla is for passage of speeialized tools (e.g., manipnlative 
probes or foreeps) or equipment for trimming, shaping, or 
removing damaged tissne. This technique allows removal of 
torn menisei, loose bodies in the joint (sneh as bone ehips), 
and déhrìdement (the excision of devitalized artienlar earti- 
laginons material) in advaneed eases of arthritis. Ligament 
repair or replaeement may also be performed nsing an arthro- 
seope. Althongh general anesthesia is nsnally preferable, 
knee arthroseopy ean be performed nsing loeal or regional 
anesthesia. Dnring arthroseopy, the artienlar eavity of the 
knee mnst be treated essentially as two separate (medial and 
lateral) femorotibial artienlations, owing to the imposition of 
the synovial fold aronnd the erneiate ligaments. 



Aspiration of Knee Joint 

Fraetnres of the distal end of the femnr, or laeera- 
tions of the anterior thigh, may involve the snpra- 
patellar bnrsa and resnlt in infeetion of the knee 
joint. When the knee joint is infeeted and inflamed, the 
amonnt of synovial flnid may inerease. Joint ejfnsions, the 
eseape of flnid from blood or lymphatie vessels, resnlts in 
inereased amonnts of flnid in the joint eavity. Beeanse the 
snprapatellar bnrsa eommnnieates freely with the synovial 
eavity of the knee joint, fnllness of the thigh in the region of 



(C) 


FIGURE B5.35. 


the snprapatellar bnrsa may indieate inereased synovial flnid. 
This bnrsa ean be aspirated to remove the flnid for examina- 
tion. Direet aspiration of the kneejoint is nsnally performed 
with the patient sitting on a table with the knee flexed. The 
joint is approaehed laterally, nsing three bony points as land- 
marks for needle insertion: the anterolateral tibial (Gerdy) 
tnberele, the lateral epieondyle of the femnr, and the apex of 
the patella. In addition to being the ronte for aspiration of 
serons and sangnineons (bloody) flnid, this triangnlar area 
also lends itself to drng injeetion for treating pathology of the 
knee joint. 



Bursitis in Knee Region 

Prepatellar hnrsitis is eansed by frietion between 
the skin and the patella; however, the bnrsa may 
also be injnred by eompressive forees resnlting from 
a direet blow or from falling on the flexed knee. If the inflam- 
mation is ehronie, the bnrsa beeomes distended with flnid 
and forms a swelling anterior to the knee. This eondition has 
been ealled “honsemaid’s knee” (Fig. B5.36); however, other 
people who work on their knees without knee pads, sneh as 
hardwood floor and rng installers, may also develop prepatel- 
lar bnrsitis. 
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Prepatellar bursitis (arrow) 


FIGURE B5.36. 


Suhcutaneous infrapatellar hnrsitis is caused by exces- 
sive frietion between the skin and the tibial tuberosity; the 
edema oeeurs over the proximal end of the tibia. This eon- 
dition was formerly ealled “elergyman s knee” beeanse of 
frequent gennfleeting (L. genu, knee); however, it oeenrs 
more eommonly in roofers and floor tilers if they do not 
wear knee pads. Deep infrapatellar hnrsitis resnlts in 
edema between the patellar ligament and the tibia, snperior 
to the tibial tnberosity. The inflammation is usually eaused 
by overuse and subsequent frietion between the patellar 
tendon and the struetures posterior to it, the infrapatellar 
fat pad and tibia (Anderson et al., 2000). Enlargement of 
the deep infrapatellar bursa obliterates the dimples nor- 
mally oeenrring on eaeh side of the patellar ligament when 

the leg is extended (see Fig. 5.104A). 

Abrasions or penetrating wounds may resnlt in supra- 
patellar hursitis, an infeetion eansed by baeteria entering the 
snprapatellar bursa from the torn skin (see Fig. 5.94A). The 
infeetion may spread to the eavity of the knee joint, eansing 
loealized redness and enlarged popliteal and inguinal lymph 
nodes. 



Poplìteal Cysts 

Popliteal eysts (Baker eysts) are abnormal fluid- 
fllled saes of synovial membrane in the region of 
the popliteal fossa. A popliteal eyst is almost 
always a eomplieation of ehronie knee joint effnsion. The 
eyst may be a herniation of the gastroenemins or semi- 
membranosns bursa through the flbrous layer of the joint 
eapsnle into the popliteal fossa, eommnnieating with the 
synovial eavity of the knee joint by a narrow stalk (Fig. 
B5.37). Synovial fluid may also eseape from the knee joint 
{synovial effasion) or a bursa around the knee and eolleet 
in the popliteal fossa. Here it forms a new synovial-lined 
sae, or popliteal eyst. Popliteal eysts are eommon in ehil- 
dren but seldom cause symptoms. In adnlts, popliteal eysts 
ean be large, extending as far as the midealf, and may inter- 
fere with knee movements. 


Tendon of > 
semi- 

tendinosus 


Baker 

eyst 



Extension 
of eyst 


Mediai head of 
gastrocnemius 






V** . 


Outiine of 
femur 


Pateiia 



Mediai 
epieondyie 
of femur 


Outiine of 
tibia 


Medial view of disseetion of left knee 


FIGURE B5.37. 


Knee Replaeement 

If a person s knee is diseased, resnlting from osteo- 
arthritis, for example, an artifleial knee joint may be 
inserted {total knee replaeement arthroplasty) (Fig. 
B5.38). The artifleial knee joint eonsists of plastie and metal 
eomponents that are eemented to the femoral and tibial bone 
ends after removal of the defeetive areas. The eombination 
of metal and plastie mimies the smoothness of eartilage on 
eartilage and prodnees good resnlts in “low-demand” people 
who have a relatively sedentary life. In “high-demand” peo- 
ple who are aetive in sports, the bone-eement jnnetions may 
break down, and the artifleial knee eomponents may loosen; 
however, improvements in bioengineering and snrgieal teeh- 
nique have provided better results. 




i 



FIGURE B5.38. 


Ankle Injnries 

The ankle is the most frequently injnred major joint 
in the body. Ankle sprains (torn flbers of ligaments) 
are most eommon. A sprained ankle is nearly always 
an inversion injury, involving twisting of the weight-bearing 
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plantarflexed foot. The person steps on an nneven snrfaee and 
the foot is foreibly inverted. Lateral lìgament sprains oeenr in 
rnnning and jnmping sports, partienlarly basketball (70-80% of 
players have had at least one sprained ankle). The lateral liga- 
ment is injnred beeanse it is mneh weaker than the medial liga- 
ment, and is the ligament that resists inversion at the taloernral 
joint. The anterìor talofihnlar ligament —part of the lateral 
ligament—is most vnlnerable and most eommonly torn dnring 
ankle sprains, either partially or eompletely, resnlting in insta- 
bility of the ankle joint (Fig. B5.39). The ealeaneofihnlar liga- 
ment may also be tom. In severe sprains, the lateral malleolns 
of the flbnla may also be fraetnred. Sheanng injnries fraetnre 
the lateral malleolns at or snperior to the ankle joint. Avnlsion 
fraetnres break the malleolns inferior to the ankle joint; a frag- 
ment of bone is pnlled off by the attaehed ligament(s). 

A Pott fraetnre-disloeation of the ankle oeenrs when the 
foot is foreibly everted (Fig. B5.40). This aetion pnlls on 
the extremely strong medial ligament, often tearing off the 
medial malleolns. The talns then moves laterally, shearing off 
the lateral malleolns or, more eommonly, breaking the flbnla 
snperior to the tibioflbnlar syndesmosis. If the tibia is ear- 
ried anteriorly, the posterior margin of the distal end of the 
tibia is also sheared off by the talns, prodneing a “trimalleolar 
fraetnre.” In applying this term to this injnry, the entire distal 
end of the tibia is erroneonsly eonsidered to be a “malleolns.” 


Tibial Nerve Entrapment 

The tibial nerve leaves the posterior eompartment 
of the leg by passing deep to the flexor retinaenlnm 
in the interval between the medial malleolns and 
the ealeanens (Fig. 5.71A). Entrapment and eompression of 
the tibial nerve {tarsal tnnnel syndrome) oeenrs when there 




Torn fibers of- 

anterior talofibular 
ligament 



FIGURE B5.39. 
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FIGURE B5.40. 
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is edema and tightness in the ankle involving the synovial the interphalangeal joints. Aeallosity oreallns, hard thiekening 
sheaths of the tendons of mnseles in the posterior eompart- of the keratin layer of the skin, often develops where the dorsal 
ment of the leg. The area involved is from the medial malleo- snrfaee of the toe repeatedly rnbs on the shoe. 

Ins to the ealeanens, and the heel pain resnlts from 
eompression of the tibial nerve by the flexor retinaenlnm. 


Claw Toes 


Hallux Valgus 



Hallux valgns is a foot deformity eansed by pressnre 





elaiv toes are eharaeterized by hyperextension of the 
metatarsophalangeal joints and flexion of the distal 
interphalangeal joints (Fig. B5.42B). IJsnally, the lat- 


Pes Planus (Flatfeet) 

The flat appearanee of the sole of the foot before 


from footwear and degenerative joint disease; it is eral fonr toes are involved. Gallosities develop on the dorsal snr- 
eharaeterized by lateral deviation of the great toe faees of the toes beeanse of pressnre of the shoe. They may also 

(Fig. B5.41). The L in vaZgns indieates lateral deviation. In form on theplantar snrfaees ofthe metatarsalheads andthe toe 

some people, the painfnl deviation is so large that the great toe tips beeanse they bear extra weight when claw toes are present. 
overlaps the 2nd toe (Fig. B5.41A), and there is a deerease in 
the medial longitndinal areh. Sneh deviation oeenrs espeeially 
in females, and its frequency inereases with age. These indi- 
vidnals eannot move their Ist digit away from their 2nd digit 
beeanse the sesamoids nnder the head of the Ist metatarsal are 
nsnally displaeed, and lie in the spaee between the heads of the 


age 3 is normal; it resnlts from the thiek snbentane- 
ons fat pad in the sole. As ehildren get older, the fat 

Ist and 2nd metatarsals (Fig. ~B5.41B). The Ist metatarsal is lost, and a normal medial longitndinal areh beeomes visible 

shifts medially and the sesamoids shift laterally. Often the snr- B5.42C). Flatfeet ean either heflexihle (flat, laeking a 

ronnding tissnes swell and the resnltant pressnre and frietion medial areh, when weight-bearing bnt normal in appearanee 

against the shoe eanse a snbentaneons bnrsa to form; when when not bearing weight [Fig. B5.42D]), or rigid (flat even 

tenderandinflamed, thebnrsaisealledafonmon (Fig. B5.41A). whennotbearingweight). The more commorìjìexihleflatfeet 

Often hard eorns (inflamed areas of thiek skin) also form over resnlt from loose or degenerated intrinsie ligaments (inade- 

the proximal interphalangeal joints, espeeially of the little toe. quate passive areh snpport). Flexible flatfeet is eommon in 

ehildhood bnt nsnally resolves with age as the ligaments grow 



Hammer Toe 



Hammer toe is a foot deformity in which the proximal 


and matnre. The eondition oeeasionally persists into adnlt- 
hood and may or may not be symptomatie. 

Rigid flatfeet with a history that goes baek to ehildhood 
phalanx is permanently and markedly dorsiflexed are likely to resnlt from a bone deformity (sneh as a fnsion 
(hyperextended) atthemetatarsophalangealjoint, and of adjaeent tarsal bones). Acquired flatfeet (“fallen arehes’' 
the middle phalanx strongly plantarflexed at the proximal inter- are likely to be seeondary to dysfnnetion of the tibialis pos- 

phalangeal joint. The distal phalanx of the digit is often also terior (dynamie areh snpport) owing to tranma, degeneration 

hyperextended. This gives the digit (nsnally the 2nd) ahammer- with age, or denervation. In the absenee of normal passive or 
like appearanee (Fig. B5.42A). This deformity of one or more dynamie snpport, the plantar ealeaneonavienlar ligament fails 
toes may resnlt from weakness of the inmbrieal and interosseons to snpport the head of the talns. Consequently, the head of 

mnseles, which flex the metatarsophalangeal joints and extend the talns displaees inferomedially and beeomes prominent 


Bunion 


Hallux 

valgus 



Gorns 


(A) Hallux valgus bunion and eorns 



1st 
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Bunion A 
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FIGURE B5.41. 
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(A) Hammer toe 



(C) Vìew of normal areh 


(B) Claw toes 



(D) View of fallen areh 


FIGURE B5.42. 


(Fig. B5.42D, red arrows). As a result, some flattening of the 
medial part of the longitndinal areh oeenrs, along with lateral 
deviation of the forefoot. Flatfeet are eommon in older people, 
partienlarly if they nndertake mneh nnaeenstomed standing or 
gain weight rapidly, adding stress on the mnseles and inereas- 
ing the strain on the ligaments snpporting the arehes. 


einbfoot (Talìpes equìnovarus) 



elnhfoot refers to a foot that is twisted ont of posi- 
tion. Of the several types, all are eongenìtal (present 
at birth). Talipes equinovarus, the eommon type 


(2 per 1000 neonates), involves the snbtalar joint; boys are 
affeeted twice as often as girls. The foot is inverted, the ankle 
is plantarflexed, and the forefoot is addneted (tnrned toward 
the midline in an abnormal manner) (Fig. B5.43A). The foot 
assnmes the position of a horses hoof, henee the preflx 
“equino” (L. equinus, horse). In half of those affeeted, both 
feet are malformed. A person with an nneorreeted elnbfoot 
eannot pnt the heel and sole flat and mnst bear the weight on 
the lateral snrfaee of the forefoot. Consequently, walking is 
painfnl. The main abnormality is shortness and tightness of the 
mnseles, tendons, ligaments, and joint eapsnles on the medial 
side and posterior aspeet of the foot and ankle (Fig. B5.43B). 




Calcaneus 

(inverted) 
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FIGURE B5.43. 
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The Bottom Lìne 


JOINTS OF LOWER LIMB 

Hìp Joìnt: The hip joint is the strongest and most stable Joint. 

♦ Its stability results from (1) the meehanieal strength of its 
ball and (deep) soeket construction, allowing extensive articu- 
lar sur-face eontaet; (2) its strongjoint capsule; and (3) its 
many surrounding muscles. ♦ However, it remains vulnerable, 
espeeially in older age, because of the angle of the femoral neek 
(inelination) and elose assoeiation ofthe blood supply ofthe 
femoral head to the neek. Thus fractures result in avascular 
neerosis of the femoral head. ♦ Major movements of the hip 
joint include flexion and extension, possible over a wide range; 
medial and lateral rotation with abduction are part ofevery 
step of normal, bipedal walking. 

Knee Joìnt: The knee is a hinge Joint with a wide range of 
motion (primarily flexion and extension, with rotation inereas- 
ingly possible with flexion). ♦ It is our most vulnerableJoint, 
owing to its incongruous articular surfaces and the meehanieal 
disadvantage resulting from bearing the body’s weight plus 
momentum while serving as a fulcrum between two long levers. 

♦ Gompensation is attempted by several features, including 

(1) strong intrinsie, extracapsular, and intracapsular ligaments; 

(2) splinting by many surrounding tendons (including the ilio- 
tibial traet); and (3) menisei that fill the spatial void, providing 
mobile articular surfaces. ♦ Of particular elinieal importanee 
are (1) eollateral ligaments that are taut during (and limit) 
extension and are relaxed during flexion, allowing rotation for 
which they serve as eheek ligaments; (2) cruciate ligaments 
that maintain the Joint during flexion, providing the pivot for 
rotation; and (3) the medial meniscus that is attaehed to the 
tibial eollateral ligament, and is frequently injured because of 
this attaehment. 

Tìbìofibular Joìnts: The tibiofibularJoints include a proxi- 
mal synovial Joint, an interosseous membrane, and a distal tib- 
iofibular syndesmosis, eonsisting ofanterior, interosseous, and 


posterior tibiofibular ligaments. ♦ Together thesejoints make up 
a eompensatory system that allows a slight upward movement 
of the fibula owing to foreed transverse expansion of the malleo- 
lar mortise (deep square soeket) during maximal dorsiflexion of 
the ankle. ♦ All fibrous tibiofibular eonneetions run downward 
from tibia to fibula, allowing this slight upward movement while 
strongly resisting the downward pull applied to the fibula by the 
eontraetion of eight of the nine muscles attaehed to it. 

Anklejoìnt: The ankle (talocrural) Joint is eomposed of a 
superior mortise, formed by the weight-bearing inferior surface 
of the tibia and the two malleoli, which reeeive the troehlea of 
the talus. ♦ The ankle Joint is maintained medially by a strong, 
medial (deltoid) ligament, and a much weaker lateral ligament. 
♦ The lateral ligament (speeifieally its anterior talofibular liga- 
ment eomponent) is the most frequently injured ligament of 
the body. ♦ lnjury occurs primarily by inadvertent inversion of 
the plantarflexed, weight-bearing foot. ♦ About 70° of dorsi- 
flexion and plantarflexion is possible at the anklejoint, in addi- 
tion to which small amounts of wobble occur in the less stable 
plantarflexed position. 

Joìnts of foot: Functionally, there are three compound 
Joints in the foot: (1) the elinieal subtalarJoint between the 
talus and the calcaneus, where inversion and eversion occur 
about an oblique axis; (2) the transverse tarsal Joint, where the 
midfoot and forefoot rotate as a unit on the hindfoot around 
a longitudinal axis, augmenting inversion and eversion; and 

(3) the remaining Joints of the foot, which allow the pedal 
platform (foot) to form dynamie longitudinal and transverse 
arehes. ♦ The arehes provide the resilienee neeessary for walk- 
ing, running, andjumping, and are maintained byfourlayers 
of passive, fibrous support, plus the dynamie support provided 
by the intrinsie muscles of the foot, and the long fibular, tibial, 
and flexor tendons. 


Board-revìew questìons, ease studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 
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OVERVIEW OF UPPER LIMB 



The upper limb is eharaeterized by its mobility and ability to 
grasp, strike, and eondnet fine motor skills (manipnlation). 
These eharaeteristies are espeeially marked in the hand when 
performing mannal aetivities, sneh as bnttoning a shirt. 

Synehronized interplay oeenrs between the joints of the 
npper limb to eoordinate the intervening segments to per- 
form smooth, effieient motion at the most workable distanee 
or position required for a speeifie task. Effieieney of hand 
fnnetion resnlts in large part from the ability to plaee it in 
the proper position by movements at the seapulothoracie, 
glenohnmeral, elbow, radio-nlnar, and wrist joints. 

The npper limb eonsists of fonr major segments, which 
are fnrther snbdivided into regions for preeise deseription 
(Figs. 6.1 and 6.2): 

1. Shoulder; proximal segment of the limb that overlaps 
parts of the trnnk (thorax and baek) and lower lateral neek. 


1/2 Peetoral girdle 


eiaviele 


Acromioclavicular joint 


Glenohumeral 

(shoulder) 

joint 


Arm 


Elbow 

joint 


Forearm 



VVrist 
(radio- 
earpal) 
joint 

Midearpal 
joint 

Hand 

Garpo- 
metaearpal 
joint 

Metaearpo- 

phalangeal 

joints 


Proximal 

radio-ulnar 


Distal 

radio-ulnar 


Phalanges 


Interphalangeal joints 


Anterior view 


It inelndes the peetoral, seapalar, and deltoid regions 

of the npper limb, and the lateral part (greater snpraela- 
vienlar fossa) of the lateral eervieal region. It overlies half 
of the peetoral girdle. The peetoral girdle (shonlder 
girdle) is a bony ring, ineomplete posteriorly, formed by 
the seapnlae and elavieles, and eompleted anteriorly by 
the mannhrinm of the sternnm (part of the axial skeleton). 

2. Arm (L. hraehinm): first segment of the free npper limb 
(more mobile part of the npper limb independent of the 
trnnk) and the longest segment of the limb. It extends 
between and eonneets the shonlder and the elbow, and 
eonsists of anterior and posterior regions of the arm, 
eentered aronnd the hnmerns. 

3. Forearm (L. antehraehinm): seeond longest segment of 
the limb. It extends between and eonneets the elbow and 
wrist and inelndes anterior and posterior regions of 
the forearm overlying the radins and nlna. 



Posterior view 


Regions of upper iimb: 


Deltoid 

eiavipeetoral 

triangle 

Peetoral 

Scapular 

Axillary 

Anterior arm 

Posterior arm 

Cubital 


Posterior elbow 
Anterior forearm 
Posterior forearm 
Anterior wrist 
Posterior wrist 
Palm/palmar 
Dorsum of hand 
Digits (fingers 
including thumb) 


FIGIJRE 6.1. Segments and bones of upper limb. The joints divide the 
superior appendicular skeleton, and thus the limb itself, into four main seg- 
ments: shoulder, arm, forearm, and hand. 


FIGITRE 6.2. Regions of upper limb. For exact deseription, the upper 
limb is divided into regions based on the external features (surface 
anatomy) ofthe underlying muscular formations, bones, andjoints. 
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4. Hand (L. manus)\ part of the upper limb distal to the 
forearm that is formed around the earpns, metaearpns, 
and phalanges. It is eomposed of the wrist, palm, dor- 
sum of hand, and digits (fingers, inelnding an opposable 
thumb), and is riehly snpplied with sensory endings for 
toneh, pain, and temperatnre. 

eOMPARISON OF UPPER 
AND LOWER LIMBS 

wm 

Developing in a similar fashion, the upper and lower limbs 
share many eommon featnres (see Ghapter 5). However, they 
are snffieiently distinet in structure to enable markedly dif- 
ferent hmetions and abilities. Beeanse the upper limb is not 
usually involved in weight bearing or motility, its stability has 
been saerifieed to gain mobility. The upper limb still possesses 
remarkable strength; and beeanse of the hand’s ability to eon- 
form to a paddle or assnme a gripping or platform eonfignra- 
tion, it may assnme a role in motility in eertain eirenmstanees. 

Both the upper and the lower limbs are eonneeted to 
the axìal skeleton (eraninm, vertebral eolnmn, and assoei- 
ated thoraeie eage) via the bony peetoral and pelvie girdles, 
respeetively. The pelvie girdle eonsists of the two hip bones 
eonneeted to the saernm (see Ghapter 5). The peetoral gir- 
dle eonsists of the seapnlae and elavieles, eonneeted to the 
manubrium of the sternum. Both girdles possess a large fiat 
bone loeated posteriorly, which provides for attaehment of 
proximal mnseles, and eonneets with its eontralateral partner 
anteriorly via small bony braees, the pubic rami and elavieles. 
However, the fiat iliae bones of the pelvie girdle are also eon- 
neeted posteriorly throngh their primary attaehment to the 
saernm via the essentially rigid, weight-transferring saero-iliae 
joints. This posterior eonneetion to the axial skeleton plaees 
the lower limbs inferior to the trunk, enabling them to be 
snpportive as they fimetion primarily in relation to the line of 
gravity. Fmthermore, beeanse the two sides are eonneeted 
both anteriorly and posteriorly, the pelvie girdle forms a eom- 
plete rigid ring that limits mobility, making the movements 
of one limb markedly affeet the movements of the other. The 
peetoral girdle, however, is eonneeted to the trunk only ante- 
riorly, via the sternnm, by fiexible joints with 3 degrees of 
freedom. It is an ineomplete ring beeanse the seapnlae are not 
eonneeted with eaeh other posteriorly. Thus, the motion of 
one upper limb is independent of the other, and the limbs are 
able to operate effeetively anterior to the body, at a distanee 
and level that enable preeise eye-hand eoordination. 

In both the upper and the lower limbs, the long bone of 
the most proximal segment is the largest and is nnpaired. The 
long bones inerease progressively in nnmber but deerease in 
size in the more distal segments of the limb. The seeond most 
proximal segment of both limbs (i.e., the leg and forearm) 
has two parallel bones, althongh only in the forearm do both 
artienlate with the bone of the proximal segment, and only 
in the leg do both artienlate direetly with the distal segment. 


Althongh the paired bones of both the leg and forearm fiex 
and extend as a unit, only those of the upper limb are able 
to move (supinate and pronate) relative to eaeh other; the 
bones of the leg are fixed in the pronated position. 

The wrist and ankle have a similar nnmber of short bones 
(eight and seven, respeetively). Both gronps of short bones 
interrnpt a series of long bones that resnmes distally with 
several sets of long bones of similar lengths, with a similar 
nnmber of joints of essentially the same type. The digits of 
the upper limb (fingers inelnding the thumb) are the most 
mobile parts of either limb. However, all other parts of the 
upper limb are more mobile than the eomparable parts of 
the lower limb. 

BONES OF UPPER LIMB 

The peetoral girdle and bones of the free part of the upper limb 
form the superíor appendicular skeleton (Fig. 6.3); the pel- 
vie girdle and bones of the free part of the lower limb form the 
inferíor appendienlar skeleton. The snperior appendienlar 
skeleton artienlates with the axial skeleton only at the stemo- 
elavienlarjoint, allowing great mobility. The elavieles and seap- 
ulae of the peetoral girdle are supported, stabilized, and moved 
by axio-appendicular niuscles that attaeh to the relatively 
fixed ribs, sternnm, and vertebrae of the axial skeleton. 

eiavìele 

The elaviele (eollar bone) eonneets the upper limb to the 
trunk (Figs. 6.3 and 6.4). The shaft of the elaviele has a 
donble curve in a horizontal plane. Its medial half is eon- 
vex anteriorly, and its sternal end is enlarged and triangnlar 
where it artienlates with the manuhrium of the sternum at the 
sternoelavieular {SC)joint. Its lateral half is eoneave anteri- 
orly, and its aeromial end is fiat where it artienlates with the 
aeromion of the seapnla at the aeromioelavicular {AC) joint 
(Figs. 6.3B and 6.4). The medial two thirds of the shaft of 
the elaviele are convex anteriorly, whereas the lateral third is 
fiattened and eoneave anteriorly. These curvatures inerease 
the resilienee of the elaviele, and give it the appearanee of an 
elongated eapital S. 

The elaviele: 

• Serves as a moveable, erane-like strut (rigid support) from 
which the scapula and free limb are snspended, keeping 
them away from the trunk so that the limb has maximum 
freedom of motion. The strut is movable and allows the 
seapnla to move on the thoraeie wall at the “scapulotho- 
raeie jointe^ inereasing the range of motion of the limb. 

Hhe seapnlothoraeie joint is a physiologieal “joint,” in which movement 
oeenrs between mnsenloskeletal strnetnres (between the seapnla and assoei- 
ated mnseles and the thoraeie wall), rather than an anatomieal joint, in which 
movement oeenrs between direetly artienlating skeletal elements. The seapn- 
lothoraeie joint is where the seapnlar movements of elevation-depression, 
protraetion-retraetion, and rotation oeenr. 
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FIGIJRE 6.3. Bones of upper limb. 
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Sternal end 
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(articular 

surface) 


Superior surface 


Gonoid tubercle 
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FIGURE6.4. Rìght elavìele. Prominent features ofthe superior and infe- 
rior surfaces of the elaviele. The bone aets as a mobile strut (supporting 
braee) eonneeting the upper limb to the trunl<; its length allovvs the limb to 
pivot around the trunk. 


Fixing the stmt in position, espeeially after its elevation, 
enables elevation of the ribs for deep inspiration. 

• Forms one of the bony bonndaries of the cervico-axillary 
eanal (passagevvay betvveen the neek and arm), afford- 
ing proteetion to the nenrovasenlar bnndle snpplying the 
npper limb. 

• Transmits shoeks (tranmatie impaets) from the npper 
limb to the axial skeleton. 

Althongh designated as a long bone, the elaviele has no 
mednllary (marrovv) eavity. It eonsists of spongy (trabeenlar) 
bone vvith a shell of eompaet bone. 

The superior sarfaee of the elaviele, lying jnst deep to 
the skin and platysma (G. flat plate) mnsele in the snbentane- 
ons tissne, is smooth. 

The inferior snrfaee of the elaviele is rongh beeanse 
strong ligaments bind it to the Ist rib near its sternal end 
and snspend the seapnla from its aeromial end. The eonoid 
tnherele, near the aeromial end of the elaviele (Fig. 6.4), 
gives attaehment to the eonoid ligament, the medial part of 
the eoraeoelavienlar ligament by vvhieh the remainder of the 
npper limb is passively snspended from the elaviele. Also, 
near the aeromial end of the elaviele is the trapezoid line, 
to vvhieh the trapezoid ligament attaehes; it is the lateral part 
of the eoraeoelavienlar ligament. 

The snhelavian groove (groove for the snbelavins) in the 
medial third of the shaft of the elaviele is the site of attaehment 
of the snbelavins mnsele. More medially is the impression 
for the eostoelavienlar ligament, a rongh, often depressed, 
oval area that gives attaehment to the ligament binding the Ist 
rib (L. eosta) to the elaviele, limiting elevation of the shonlder. 

Scapula 

The seapnla (shonlder blade) is a triangnlar flat bone that 
lies on the posterolateral aspeet of the thorax, overlying 


the 2nd-7th ribs (see Fig. I.ll, p. 20). The convex poste- 
rior snrfaee of the seapnla is nnevenly divided by a thiek 
projeeting ridge of bone, the spine of the seapnla, into a 
small snpraspinons fossa and a mneh larger infraspinons 
fossa (Fig. 6.5A). The eoneave eostal snrfaee of most of the 
seapnla forms a large snhseapnlar fossa. The broad bony 
snrfaees of the three fossae provide attaehments for fleshy 
mnseles. The triangnlar hody of the seapnla is thin and 
translneent snperior and inferior to the spine of the seapnla; 
althongh its borders, espeeially the lateral one, are somevvhat 
thieker. The spine eontinnes laterally as the flat, expanded 
aeromion (G. akros, point), vvhieh forms the snbentaneons 
point of the shonlder and artienlates vvith the aeromial end 
of the elaviele. The deltoid tnherele of the seapnlar spine 
is the prominenee indieating the medial point of attaehment 
of the deltoid. The spine and aeromion serve as levers for the 
attaehed mnseles, partienlarly the trapezins. 

Beeanse the aeromion is a lateral extension of the seapnla, 
the AG joint is plaeed lateral to the mass of the seapnla and its 
attaehed mnseles (Fig. 6.5G). The glenohnmeral (shonlder) 
joint on vvhieh these mnseles operate is almost direetly infe- 
rior to the AG joint; thns the seapnlar mass is balaneed vvith 
that of the free limb, and the snspending strnetnre (eoraeo- 
elavienlar ligament) lies betvveen the tvvo masses. 

Snperolaterally, the lateral snrfaee of the seapnla has a 
glenoid eavity (G. soeket), vvhieh reeeives and artienlates 
vvith the head of the hnmerns at the glenohnmeral joint 
(Fig. 6.5A & G). The glenoid eavity is a shallovv, eoneave, oval 
fossa (L. fossa ovalis), direeted anterolaterally and slightly 
snperiorly—that is eonsiderably smaller than the ball (head 
of the hnmerns) for vvhieh it serves as a soeket. The beak- 
like eoraeoid proeess (G. korak-odés, like a erovv’s beak) is 
snperior to the glenoid eavity, and projeets anterolaterally. 
This proeess also resembles in size, shape, and direetion a 
bent flnger pointing to the shonlder, the knnekle of vvhieh 
provides the inferior attaehment for the passively snpporting 
eoraeoelavienlar ligament. 

The seapnla has medial, lateral, and snperior borders and 
snperior, lateral, and inferior angles (Fig. 6.5B). When the 
seapnlar body is in the anatomieal position, the thin medial 
border of the scapula rnns parallel to and approximately 
5 em lateral to the spinons proeesses of the thoraeie verte- 
brae; henee it is often ealled the vertehral horder (Fig. 6.5B). 
From the inferior angle, the lateral border of the scapula 
rnns snperolaterally tovvard the apex of the axilla; henee it is 
often ealled the axillary horder. The lateral border is made 
up of a thiek bar of bone that prevents bnekling of this stress- 
bearing region of the seapnla. 

The lateral border terminates in the trnneated lateral 
angle of the scapula, the thiekest part of the bone that 
bears the broadened head of the scapula (Fig. 6.5A & B). 
The glenoid eavity is the primary featnre of the head. The 
shallovv eonstrietion betvveen the head and body deflnes the 
neek of the seapnla. The snperior border of the seapnla is 
marked near the jnnetion of its medial tvvo thirds and lateral 
third by the suprascapular noteh, vvhieh is loeated vvhere 
the snperior border joins the base of the eoraeoid proeess. 
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FIGITRE 6.5. Right scapula. A. The bony features of the eostal and posterior surfaces of the scapula. B. The borders and angles of the scapula. 
e. The scapula is suspended from the elaviele by the coracoclavicular ligament, at which a balanee is aehieved among the weight of the scapula and 
its attaehed muscles plus the muscular aetivity medially and the weight of the free limb laterally. 


The superior border is the thinnest and shortest of the three 
borders. 

The seapula is eapable of eonsiderable movement on the 
thoraeie wall at the physiologieal seapnlothoraeie joint, pro- 
viding the base from which the upper limb operates. These 
movements, enabling the arm to move freely, are disenssed 
later in this ehapter with the mnseles that move the seapnla. 

Humerus 

The humerus (arm bone), the largest bone in the upper 
limb, articulates with the scapula at the glenohumeral joint, 
and the radins and ulna at the elbow joint (Figs. 6.1, 6.3, and 
6.5C). The proximal end of the humerus has a head, surgical 
and anatomieal neeks, and greater and lesser tnbereles. The 
spherieal head of the humerus artienlates with the glenoid 
eavity of the seapnla. The anatomieal neek of the humerus 
is formed by the groove eirenmseribing the head and sepa- 
rating it from the greater and lesser tnbereles. It indieates 
the line of attaehment of the glenohnmeral joint eapsnle. The 
surgical neek of the humerus, a eommon site of fraetnre, 
is the narrow part distal to the head and tnbereles (Fig. 6.3B). 


The jnnetion of the head and neek with the shaft of the 
humerus is indieated by the greater and lesser tnbereles, 
which provide attaehment and leverage to some seapnlo- 
hnmeral mnseles (Fig. 6.3A & B). The greater tubercle 
is at the lateral margin of the humerus, whereas the lesser 
tubercle projeets anteriorly from the bone. The intertu- 
bercular sulcus (bieipital groove) separates the tnbereles, 
and provides proteeted passage for the slender tendon of the 
long head of the bieeps mnsele. 

The shaft of the humerus has two prominent featnres: 
the deltoid tuberosity laterally, for attaehment of the del- 
toid mnsele, and the oblique radial groove (groove for 
radial nerve, spiral groove) posteriorly, in which the radial 
nerve and profimda braehii artery lie as they pass anterior to 
the long head and between the medial and the lateral heads 
of the trieeps braehii mnsele. The inferior end of the hnmeral 
shaft widens as the sharp medial and lateral supra-epicon- 
dylar (snpraeondylar) ridges form, and then end distally in 
the espeeially prominent medial epieondyle and the lat- 
eral epieondyle, providing for mnsele attaehment. 

The distal end of the humerus—including the troehlea, 
capitulum, oleeranon, eoronoid, and radial fossae—makes 
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FIGIJRE 6.6. Distal end of right humerus. A and B. The eondyle (the boundaries ofvvhieh are indieated by the dashedline) eonsists ofthe capitulum; the 
troehlea; and the radial, eoronoid, and oleeranon fossae. 


up the eondyle of the hnmerns (Fig. 6.6). The eondyle has 
two articular surfaces: a lateral eapitnlnm (L. little head) 
for articulation with the head of the radius, and a medial, 
spool-shaped or pulley-like troehlea (L. pulley) for articu- 
lation with the proximal end (troehlear noteh) of the ulna. 
Two hollows, or fossae, occur baek to baek superior to the 
troehlea, making the eondyle quite thin between the epieon- 
dyles. Anteriorly, the eoronoid fossa reeeives the eoronoid 
proeess of the ulna dnring fnll flexion of the elbow. Posteri- 
orly, the oleeranon fossa aeeommodates the oleeranon of 
the ulna dnring full extension of the elbow. Snperior to the 
capitulum anteriorly, a shallower radial fossa aeeommo- 
dates the edge of the head of the radins when the forearm 
is fnlly flexed. 


Bones of Forearm 

The two forearm bones serve together to form the seeond unit 
of an artienlated mobile strut (the flrst unit being the humerus), 
with a mobile base formed by the shoulder, that positions the 
hand. However, beeanse this unit is formed by two parallel 
bones, one of which (the radins) ean pivot about the other (the 
ulna), snpination and pronation are possible. This makes it pos- 
sible to rotate the hand when the elbow is flexed. 

ULNA 

The ulna is the stabilizing bone of the forearm and is the 
medial and longer of the two forearm bones (Figs. 6.7 and 6.8). 
Its more massive proximal end is speeialized for artienlation 
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FIGIJRE 6.7. Bones of right elbow region. A. The proximal part of the ulna. B. The bones of the elbovv region, demonstrating the relationship of the 
distal humerus and proximal ulna and radius during extension of the elbovv joint. C. The relationship of the humerus and forearm bones during fìexion of 
the elbowJoint. 




























678 


ehapter 6 Llpper Limb 


Head 
Neek 

Radial 
tuberosity 


Radius 


Styloid 
proeess 
of radius 



Oleeranon 

Troehlear 

noteh 

Goronoid 

proeess 

Tuberosity 
of ulna 


Shafts 


Interosseous 

mennbrane 


Articular 
circumference 
of head 
of ulna 

Styloid 
proeess 
of ulna 



Radius 


Level of 
seetion in E 

Head of 
ulna in ulnar 
noteh of 
radius 

Styloid 
proeess 
of radius 


(A) Anterior view 


(B) Posterior view 


Groove for extensor 
digitorum and 
extensor indieis 

Dlnar noteh- 

Styloid proeess- 



Groove for extensor 
pollieis longus 

Dorsal tubercle 
of radius 

Groove for extensor 
earpi radialis longus 
and brevis 


(C) Posterior view of distal end of radius 


Styloid 
proeess 
of ulna 


Grooves for tendons 


Head of ulna 



Distal radio-ulnar joint 


Dorsal 
tubercle 
of radius 

Styloid 
proeess 
of radius 

Radius 


(D) Inferior view of distal ends of ulna and radius 


Medial 

surface 




Border 


Posterior 


Border 


rfaee^ Interosseous 

borders 


Interosseous 


Surface\ membrane eurface 


Border 


Anterior 


Border 


Lateral 

surface 


(E) Inferior view of eross seetion through shafts of the ulna and 
radius and interosseous membrane 


FIGITRE 6.8. Right radius and ulna. A and B. The radius and ulna are 
shovvn in the articulated position, eonneeted by the interosseous mem- 
brane. C and D. The features of the distal ends of the forearm bones. 

E. In eross seetion, the shafts of the radius and ulna appear almost as 
mirror images of one another for much of the middle and distal thirds 
of their lengths. 


with the humems proximally, and the head of the radius lat- 
erally. For artienlation with the hnmems, the ulna has two 
prominent projeetions: (1) the oleeranon, whieh projeets 
proximally from its posterior aspeet (forming the point of the 
elbow), and serves as a short lever for extension of the elbow, 
and (2) the eoronoid proeess, which projeets anteriorly. 

The oleeranon and eoronoid proeesses form the walls of 
the troehlear noteh, which in profile resembles the jaws of a 
ereseent wrench as it “grips” (artienlates with) the troehlea of 
the hnmerns (Fig. 6.7B & C). The artienlation between the 
nlna and hnmerns primarily allows only flexion and extension 
of the elbow joint, althongh a small amonnt of abdnetion- 
addnetion oeenrs dnring pronation and snpination of the 
forearm. Inferior to the eoronoid proeess is the tnherosity 
of the nlna for attaehment of the tendon of the braehialis 

mnsele (Fig. 6.7A and 6.8A & B). 

On the lateral side of the eoronoid proeess is a smooth, 
ronnded eoneavity, the radial noteh, which reeeives the 
broad periphery of the head of the radins. Inferior to the 
radial noteh on the lateral snrfaee of the nlnar shaft is a prom- 
inent ridge, the snpinator erest. Between it and the distal 
part of the eoronoid proeess is a eoneavity, the snpinator 
fossa. The deep part of the snpinator mnsele attaehes to the 
snpinator erest and fossa (6.7A). 

The shaft of the nlna is thiek and eylindrieal proximally, 
bnt it tapers, diminishing in diameter, as it eontinnes distally 
(Fig. 6.8A). At the narrow distal end of the nlna is a small 
bnt abrnpt enlargement, the dise-like head of the nlna 
with a small, eonieal nlnar styloid proeess. The nlna does 
not reaeh—and therefore does not partieipate in—the wrist 
(radioearpal) joint (Fig. 6.8). 

RADIUS 

The radins is the lateral and shorter of the two forearm 
bones. Its proximal end inelndes a short head, neek, and 
medially direeted tnberosity (Fig. 6.8A). Proximally, the 
smooth snperior aspeet of the diseoid head of the radins is 
eoneave for artienlation with the eapitnlnm of the hnmerns 
dnring flexion and extension of the elbow joint. The head also 
artienlates peripherally with the radial noteh of the nlna; thns 
the head is eovered with artienlar eartilage. 

The neek of the radins is a eonstrietion distal to the head. 
The oval radial tnherosity is distal to the medial part of the 
neek, and demareates the proximal end (head and neek) of 
the radins from the shaft. 

The shaft of the radins, in eontrast to that of the nlna, 
gradnally enlarges as it passes distally. The distal end of 
the radins is essentially fonr sided when seetioned trans- 
versely. Its medial aspeet forms a eoneavity, the nlnar noteh 
(Fig. 6.8C & D), which aeeommodates the head of the nlna. 
Its lateral aspeet beeomes inereasingly ridge-like, terminat- 
ing distally in the radial styloid proeess. 

Projeeting dorsally, the dorsal tnherele of the radins 
lies between othenvise shallow grooves for the passage of 
the tendons of forearm mnseles. The radial styloid proeess 
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is larger than the nlnar styloid proeess, and extends farther 
distally (Fig. 6.8A & B). This relationship is of elinieal impor- 
tanee when the nlna and/or the radins is fraetnred. 

Most of the length of the shafts of the radins and nlna 
are essentially triangnlar in eross seetion, with a ronnded, 
snperfieially direeted base and an aente, deeply direeted 
apex (Fig. 6.8A & E). The apex is formed by a seetion of 
the sharp interosseous border of the radins or ulna that 
eonneets to the thin, fibrons interosseons membrane of 
the forearm (Fig. 6.8A, B, & E). The majority of the fibers 


of the interosseons membrane rnn an oblique eonrse, pass- 
ing inferiorly from the radins as they extend medially to the 
nlna (Fig. 6.8A & B). Thns, they are positioned to transmit 
forees reeeived by the radins (via the hands) to the nlna for 
transmission to the hnmerns. 

Bones of Hand 

The wrist, or earpns, is eomposed of eight earpal bones, 
arranged in proximal and distal rows of fonr (Fig. 6.9A-C). 
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FIGIJRE 6.9. Bones of right hand. A-C. The skeleton ofthe hand eonsists ofthree segments: the earpals ofthe vvrist (subdivided into proximal and distal 
rovvs), the metaearpals of the palm, and the phalanges ofthe fingers or digits. U, ulna; R, radius. D. The distal end ofthe forearm and hand of a 2.5-year- 
old ehild. Ossifieation eenters of only four earpal bones are visible. Observe the distal radial epiphysis (R). E. The distal end ofthe forearm and hand of an 
11 -year-old ehild. Ossifieation eenters of all earpal bones are visible. The arrow indieates the pisiform lying on the anterior surface of the triquetrum. The distal 
epiphysis ofthe ulna has ossified, but all the epiphyseal plates (lines) remain open (i.e., they are still unossified). (Parts C and D courtesy of Dr. D. Armstrong, 
Assoeiate Professor of Medieal Imaging, Llniversity ofToronto, Toronto, Ontario, Ganada.). 
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These small bones give flexibility to the wrist. The earpns is 
markedly convex from side to side posteriorly, and eoneave 
anteriorly. Angmenting movement at the wrist joint, the two 
rows of earpal bones glide on eaeh other; in addition, eaeh 
bone glides on those adjaeent to it. 

From lateral to medial, the fonr earpal bones in the proxi- 
mal row (pnrple in Fig. 6.9A & B) are the: 

• Seaphoid (G. skaphé, skiff, boat): a boat-shaped bone 
that artienlates proximally with the radins, and has a 
prominent seaphoid tuhercle; it is the largest bone in 
the proximal row of earpals. 

• Lunate (L. luna, moon): a moon-shaped bone between the 
seaphoid and the triquetral bones; it artienlates proximally 
with the radins and is broader anteriorly than posteriorly. 

• Triquetrum (L. triquetrus, three-eornered): a pyramidal 
bone on the medial side of the earpns; it artienlates proxi- 
mally with the artienlar dise of the distal radio-nlnar joint. 

• Pisiform (L. pisum, pea), a small, pea-shaped bone that 
lies on the palmar snrfaee of the triquetrum. 

From lateral to medial, the fonr earpal bones in the distal 
row (green in Fig. 6.9A & B) are the: 

• Trapezium (G. trapeze, table): a fonr-sided bone on the 
lateral side of the earpns; it artienlates with the Ist and 
2nd metaearpals, seaphoid, and trapezoid bones. 

• Trapezoid; a wedge-shaped bone that resembles the tra- 
pezinm; it artienlates with the 2nd metaearpal, trapezinm, 
eapitate, and seaphoid bones. 

• Gapitate (L. caput, head): a head-shaped bone with a 
ronnded extremity is the largest bone in the earpns; it 
artienlates primarily with the 3rd metaearpal distally, and 
with the trapezoid, seaphoid, Innate, and hamate. 

• Hamate (L. hamulus, a little hook): a wedge-shaped bone 
on the medial side of the hand; it artienlates with the 4th 
and 5th metaearpal, eapitate, and triquetral bones; it has a 
distinetive hooked proeess, the hook of the hamate, that 
extends anteriorly. 

The proximal snrfaees of the distal row of earpal bones 
artienlate with the proximal row of earpal bones, and their 
distal snrfaees artienlate with the metaearpals. 

The metacarpus forms the skeleton of the palm of the 
hand between the earpns and the phalanges. It is eomposed 
of flve metaearpal hones (metaearpals). Eaeh metaearpal 
eonsists of a base, shaft, and head. The proximal hases of the 
metaearpals artienlate with the earpal bones, and the distal 
heads of the metaearpals artienlate with the proximal pha- 
langes, and form the knnekles of the hand. The Ist metaear- 
pal (of the thnmb) is the thiekest and shortest of these bones. 
The 3rd metaearpal is distingnished by a styloid proeess on 
the lateral side of its base (Fig. 6.10). 

Eaeh digit (flnger) has three phalanges except for the 
flrst (the thnmb), which has only two; however, the phalan- 
ges of the flrst digit are stonter than those in the other fln- 
gers. Eaeh phalanx has a hase proximally, a shaft (body), and 
a head distally (Fig. 6.9). The proximal phalanges are the 


largest, the middle ones are intermediate in size, and the dis- 
tal ones are the smallest. The shafts of the phalanges taper 
distally. The terminal phalanges are flattened and expanded 
at their distal ends, which nnderlie the nail beds. 

OSSIFIGATION OF BONES OF HAND 

Radiographs of the wrist and hand are eommonly nsed to 
assess skeletal age. For elinieal stndies, the radiographs are 
eompared with a series of standards in a radiographie atlas of 
skeletal development to determine the skeletal age. Ossiflea- 
tion eenters are nsnally obvions dnring the Ist year; however, 
they may appear before birth. Eaeh earpal bone nsnally ossi- 
fles from one eenter postnatally (Fig. 6.9D). The eenters for 
the eapitate and hamate appear flrst. 

The shaft of eaeh metaearpal begins to ossify dnring fetal 
life, and ossifleation eenters appear postnatally in the heads 
of the fonr medial metaearpals and in the base of the Ist 
metaearpal. By age 11, ossifleation eenters of all earpal bones 
are visible (Fig. 6.9E). 

Surface Anatomy of IJpper Limb Bones 

Most bones of the npper limb offer a palpable segment or 
snrfaee (notable exceptions being the Innate and trapezoid), 
enabling the skilled examiner to diseern abnormalities owing 
to tranma (fraetnre or disloeation) or malformation (Fig. 6.10). 

The elaviele is snbentaneons and ean be easily palpated 
thronghont its length. Its sternal end projeets snperior to the 
mannbrinm (Fig. 6.10). Between the elevated sternal ends of 
the elavieles is the jugular noteh (snprasternal noteh). The 
aeromial end of the elaviele often rises higher than the aero- 
mion, forming a palpable elevation at the acromioclavicular 
(AC)joint. The aeromial end ean be palpated 2-3 em medial 
to the lateral border of the aeromion, partienlarly when the 
arm is alternately flexed and extended. Either or both ends of 
the elaviele may be prominent; when present, this eondition 
is nsnally bilateral. 

Note the elastieity of the skin over the elaviele and how 
easily it ean be pinehed into a mobile fold. This property of 
the skin is nsefnl when ligating (tying a knot aronnd) the third 
part of the snbelavian artery: The skin lying snperior to the 
elaviele is pnlled down onto the elaviele and then ineised; 
after the ineision is made, the skin is allowed to retnrn to its 
position snperior to the elaviele, where it overlies the artery 
(thns not endangering it dnring the ineision). 

As the elaviele passes laterally, its medial part ean be felt to 
be convex anteriorly. The large vessels and nerves to the npper 
limb pass posterior to this convexity. The flattened aeromial 
end of the elaviele does not reaeh the point of the shonlder, 
formed by the lateral tip of the aeromion of the seapnla. 

The aeromion of the seapnla is easily felt and often vis- 
ible, espeeially when the deltoid eontraets against resistanee. 
The snperior snrfaee of the aeromion is snbentaneons and 
may be traeed medially to the AG joint. The lateral and pos- 
terior borders of the aeromion meet to form the aeromial 
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FIGIJRE 6.10. Surface anatomy of bones of upper lìmb. 


angle (Fig. 6.10B). The humems in the glenoid eavity and 
the deltoid rrmsele form the rounded curve of the shoulder. 
The erest of the seapnlar spine is subcutaneous through- 
out and easily palpated. 

When the upper limb is in the anatomieal position, the: 

• Snperior angle of the seapnla lies at the level of the 
T2 vertebra. 

• Medial end of the root of the seapnlar spine is opposite 
the spinons proeess of the T3 vertebra. 

• Inferior angle of the seapnla lies at the level of the T7 
vertebra, near the inferior border of the 7th rib and 7th 
intereostal spaee. 

The medial horder of the seapnla is palpable inferior to 
the root of the spine of the seapnla as it erosses the 3rd-7th 
ribs. The lateral border of the seapnla is not easily palpated 
beeanse it is eovered by the teres major and minor mnseles. 
When the upper limb is abducted and the hand is plaeed on 


the baek of the head, the seapnla is rotated, elevating the 
glenoid eavity such that the medial border of the scapula 
parallels the 6th rib and thus ean be used to estimate its posi- 
tion and, deep to the rib, the oblique fissure of the lung. The 
inferior angle of the seapnla is easily felt and is often visible. 
It is grasped when testing movements of the glenohnmeral 
joint to immobilize the seapnla. The eoraeoid proeess of the 
seapnla ean be felt by palpating deeply at the lateral side of 
the elavipeetoral (deltopeetoral) triangle (Fig. 6.11). 

The head of the hnmerns is surrounded by mnseles, 
except inferiorly; consequently, it ean be palpated only by 
pnshing the fingers well up into the axillary fossa (armpit). 
The arm shonld not be fnlly abdneted, othenvise the faseia in 
the axilla will be tense and impede palpation of the hnmeral 
head. When the arm is moved and the seapnla is fixed (held 
in plaee), the head of the hnmerns ean be palpated. 

The greater tnherele of the hnmeras may be felt with the 
person’s arm by the side on deep palpation throngh the deltoid. 
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FIGIJRE 6.11. Palpation of eoraeoid proeess of scapula. 


inferior to the lateral border of the aeromion. In this position, 
the greater tnberele is the most lateral bony point of the shonl- 
der and, along with the deltoid, gives the shonlder its ronnded 
eontonr. When the arm is abdneted, the greater tnberele is 
pnlled beneath the aeromion and is no longer palpable. 

The lesser tnherele of the humerus may be felt with dif- 
fienlty by deep palpation throngh the deltoid on the anterior 
aspeet of the arm, approximately 1 em lateral and slightly 
inferior to the tip of the eoraeoid proeess. Rotation of the 
arm faeilitates palpation of this tnberele. The loeation of 
the ìntertuhercular sulcus or hieipital groove, between the 
greater and the lesser tnbereles, is identifiable dnring fiexion 
and extension of the elbow joint by palpating in an upward 
direetion along the tendon of the long head of the bieeps 
braehii as it moves throngh the intertnberenlar groove. 

The shaft of the humerus may be felt with varying dis- 
tinetness throngh the mnseles snrronnding it. No part of the 
proximal part of the hnmeral shaft is snbentaneons. 

The medial and lateral epieondyles of the hnmerns are 
snbentaneons and easily palpated on the medial and lateral 
aspeets of the elbow region. The knob-like medial epieon- 
dyle, projeeting posteromedially, is more prominent than the 
lateral epieondyle. 

When the elbow joint is partially fiexed, the lateral epi- 
eondyle is visible. When the elbow joint is fnlly extended, 
the lateral epieondyle ean be palpated bnt not seen deep to a 
depression on the posterolateral aspeet of the elbow. 

The oleeranon of the nlna ean be easily palpated (Fig. 6.12). 
When the elbow joint is extended, observe that the tip of 
the oleeranon and the hnmeral epieondyles lie in a straight 
line (Fig. 6.12A & B). When the elbow is fiexed, the olee- 
ranon deseends nntil its tip forms the apex of an approxi- 
mately equilateral triangle, of whieh the epieondyles form 
the angles at its base (Fig. 6.12C). These normal relation- 
ships are important in the diagnosis of eertain elbow injnries 
(e.g., disloeation of the elbow joint). 


The posterior horder of the ulna, palpable thronghont the 
length of the forearm, demareates the posteromedial bonnd- 
ary between the fiexor-pronator and the extensor-supinator 
eompartments of the forearm. The head of the ulna forms a 
large, ronnded snbentaneons prominenee that ean be easily 
seen and palpated on the medial side of the dorsal aspeet of 
the wrist, espeeially when the hand is pronated. The pointed 
snbentaneons ulnar styloid proeess may be felt slightly distal 
to the ronnded nlnar head when the hand is snpinated. 

The head of the radius ean be palpated and felt to rotate in 
the depression on the posterolateral aspeet of the extended 
elbow joint, jnst distal to the lateral epieondyle of the 
hnmerns. The radial head ean also be palpated as it rotates 
dnring pronation and snpination of the forearm. The ulnar 
nerve feels like a thiek eord where it passes posterior to the 
medial epieondyle of the hnmerns; pressing the nerve here 
evokes an nnpleasant “fnnny bone” sensation. 

The radial styloid proeess ean be easily palpated in the 
anatomieal snuff hox on the lateral side of the wrist (see 
Fig. 6.65A); it is larger and approximately 1 em more distal 
than the nlnar styloid proeess. The radial styloid proeess is easi- 
est to palpate when the thnmb is abdneted. It is overlaid by the 
tendons of the thnmb mnseles. Beeanse the radial styloid pro- 
eess extends more distally than the nlnar styloid proeess, more 
nlnar deviation than radial deviation of the wrist is possible. 

The relationship of the radial and nlnar styloid proeesses 
is important in the diagnosis of eertain wrist injnries (e.g., 
Golles fraetnre). Proximal to the radial styloid proeess, the 
anterior, lateral, and posterior snrfaees of the radins are pal- 
pable for several eentimeters. The dorsal tuhercle of radius is 
easily felt aronnd the middle of the dorsal aspeet of the distal 
end of the radins. The dorsal tnberele aets as a pnlley for the 
long extensor tendon of the thnmb, which passes medial to it. 

The pisiform ean be felt on the anterior aspeet of the 
medial border of the wrist and ean be moved from side to 
side when the hand is relaxed. The hook of the hamate ean 
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FIGITRE 6.12. Surface anatomy of bones and bony formations of elbow region. 


be palpated on deep pressnre over the medial side of the 
palm, approximately 2 em distal and lateral to the pisiform. 
The tnhereles of the seaphoid and trapezinm ean be palpated 
at the base and medial aspeet of the thenar eminenee (ball of 
thnmb) when the hand is extended. 

The metaearpals, althongh overlain by the long extensor ten- 
dons of the digits, ean be palpated on the dorsnm of the hand. 
The heads of these bones form the knnekles of the fist; the 3rd 
metaearpal head is most prominent. The styloid proeess of the 
3rd metaea'rpal ean be palpated approximately 3.5 em from the 


dorsal tnberele of radins. The dorsal aspeets of the phalanges 
ean also be easily palpated. The knnekles of the fingers are 
formed by the heads of the proximal and middle phalanges. 

When measnring the npper limb, or segments of it, for 
eomparison with the eontralateral limb, or with standards for 
normal limb growth or size, the aeromial angle (Fig. 6.10B), 
lateral epieondyle of the hnmeras, styloid proeess of the 
radins, and tip of the third digit are most eommonly nsed as 
measnring points, with the limb relaxed (dangling), bnt with 
palms direeted anteriorly. 


BONES OF UPPER LIMB 


beeanse the aim of treating an injnred limb is to preserve or 
restore its fnnetions. 


Upper Limb Injuries 

Beeanse the disabling effeets of an injnry to an 
npper limb, partienlarly the hand, are far ont of pro- 
portion to the extent of the injnry, a sonnd nnder- 
standing of the strnetnre and fnnetion of the npper limb is of 


Variations of Clavicle 

The elaviele varies more in shape than most other 
long bones. Oeeasionally, the elaviele is piereed by a 
braneh of the snpraelavienlar nerve. The elaviele is 
the highest importanee. Knowledge of its strnetnre without thieker and more enrved in mannal workers, and the sites of 
an nnderstanding of its fnnetions is almost nseless elinieally mnsenlar attaehments are more marked. 
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Fraetnre of Clavìcle 

The elaviele is one of the most frequently fraetnred 
bones. Clavicularfractures are espeeially eommon in 
ehildren, and are often eansed by an indireet foree 
transmitted from an ontstretehed hand throngh the bones of 
the forearm and arm to the shonlder dnring a fall. A fraetnre 
may also resnlt from a fall direetly on the shonlder. The weakest 



not separate; the bone resembles a tree braneh (greenstiek) 
that has been sharply bent bnt not diseonneeted. 



Ossìfìeatìon of Clavìcle 

The elaviele is the first long bone to ossify (via intra- 
memhranems ossifieation), beginning dnring the 5th 
and 6th embryonie weeks from medial and lateral 
partoftheelavieleisthejnnetionofitsmiddleandlateralthirds. primary ossifìeation eenters that are elose together in the 
After fraetnre of the elaviele, the sternoeleidomastoid shaftoftheelaviele. Theendsoftheelavielelaterpassthrongh 

mnsele elevates the medial fragment of bone (Fig. B6.1). a eartilaginons phase (endoehondral ossifieation); the earti- 

Beeanse of the snbentaneons position of the elaviele, the end lages form growth zones similar to those of other long bones. 

of the snperiorly direeted fragment is prominent—readily A seeondary ossifìeation eenter appears at the sternal end, 

palpable and/or apparent. The trapezins mnsele is nnable to and forms a seale-like epiphysis that begins to fnse with the 

hold the lateral fragment up owìng to the weight of the npper shaft (diaphysis) between 18 and 25 years of age, and is eom- 

limb; thns, the shonlder drops. The strong eoraeoelavienlar pletely fnsed to it between 25 and 31 years of age. This is the 

ligament nsnally prevents disloeation of the aeromioelavienlar last of the epiphyses of long bones to fnse. An even smaller 

(AC) joint. People wìth fraetnred elavieles snpport the sag- seale-like epiphysis may be present at the aeromial end of the 

ging limb with the other limb. In addition to being depressed, elaviele; it mnst not be mistaken for a fraetnre. 

the lateral fragment of the elaviele may be pnlled medially by Sometimes fnsion of the two ossifìeation eenters of the 

the addnetor mnseles of the arm, sneh as the peetoralis major. elaviele fails to oeenr; as a resnlt, a bony defeet forms between 

Overriding of the bone fragments shortens the elaviele. the lateral and medial thirds of the elaviele. Awareness of 

The slender elavieles of neonates may be fraetnred dnring this possible eongenital defeet shonld prevent diagnosis of a 

delivery if they have broad shonlders; however, the bones fraetnre in an othenvise normal elaviele. When donbt exists, 
nsnally heal quiekly. A fraetnre of the elaviele is often ineom- both elavieles are radiographed beeanse this defeet is nsnally 
plete in yonnger ehildren—that is, it is a greenstiek fraetnre, bilateral (Ger et ak, 1996). 

in which one side of a bone is broken and the other is bent. 

This fraetnre was so named beeanse the parts of the bone do Fra.Ctlir6 of Seapnla 

Fraetnre of the seapnla is nsnally the resnlt of severe 
tranma, as oeenrs in pedestrian-vehiele aeeidents. 
IJsnally there are also fraetnred ribs. Most fraetnres 
require little treatment beeanse the seapnla is eovered on both 
sides by mnseles. Most fraetnres involve the protrnding snben- 
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Trunks of braehial plexus 


Fracture of elaviele 
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taneons aeromion. 



] Pull of muscle / gravity 
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Anterior view 


FIGITRE B6.1. Fracture of elavìele. 


Fraetnres of Humerus 

Most injnries of the proximal end of the hnmems are 
fraetnres of the snrgieal neek. These injnries are 
espeeially eommon in elderly people with osteoporo- 
sis, whose demineralized bones are brittle. Hnmeral fraetnres 
often resnlt in one fragment being driven into the spongy bone 
of the other fragment (impaetedfraetnre). The injnries nsnally 
resnlt from a minor fall on the hand, with the foree being trans- 
mitted up the forearm bones of the extended limb. Beeanse of 
impaetion of the fragments, the fraetnre site is sometimes stable 
and the person is able to move the arm passively with little pain. 

An avnlsion fraetnre of the greater tnherele of the humerus 
is seen most eommonly in middle-aged and elderly people 
(Fig. B6.2A). A small part of the tnberele is “avnlsed” (torn 
away). The fraetnre nsnally resnlts from a fall on the aero- 
mion, the point of the shonlder. In yonnger people, an avnl- 
sion fraetnre of the greater tnberele nsnally resnlts from a fall 
on the hand when the arm is abdneted. Mnseles (espeeially 
the snbseapnlaris) that remain attaehed to the hnmerns pnll 
the limb into medial rotation. 
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FIGIJRE B6.2. Humeral fractures. A. An avulsion fracture ofthe 
greater tubercle ofthe humerus. B. A transverse fracture of humeral body. 


A transverse fraetnre of the shaft of the hnmems fre- 
quently results from a direet blow to the arm. The pull of 
the deltoid mnsele earries the proximal fragment laterally 
(Fig. B6.2B). Indireet injnry resnlting from a fall on the out- 
stretehed hand may prodnee a spiralfraetnre of the hnmeral 
shaft. Overriding of the oblique ends of the fraetnred bone 
may resnlt in foreshortening. Beeanse the hnmerns is snr- 
ronnded by mnseles and has a well-developed periostenm, 
the bone fragments nsnally unite well. 

An intereondylar fraetnre of the hnmems resnlts from a 
severe fall on the flexed elbow. The oleeranon of the nlna 
is driven like a wedge between the medial and lateral parts 
of the eondyle of the hnmerns, separating one or both parts 
from the hnmeral shaft. 

The following parts of the hnmerns are in direet eontaet 
with the indieated nerves: 

• Surgical neek: axillary nerve. 

• Radial groove: radial nerve. 

• Distal end of hnmerns: median nerve. 

• Medial epieondyle: nlnar nerve. 


These nerves may be injnred when the assoeiated part of the 
hnmems is fraetnred. These injnries are disenssed later in this 
ehapter. 

Fractures of Radius and Ulna 

Fraetnres of both the radius and the ulna are usually 
the resnlt of severe injnry. A direet injnry nsnally 
prodnees transverse fractures at the same level, 
nsnally in the middle third of the bones. Isolated fraetnres of 
the radins or nlna also oeenr. Beeanse the shafts of these 
bones are flrmly bonnd together by the interosseous mem- 
brane, a fracture of one bone is likely to be assoeiated with 
disloeation of the nearest joint. 

Fraetnre of the distal end of the radins is a eommon frae- 
ture in adults > 50 years of age, and oeenrs more frequently 
in women beeanse their bones are more eommonly weak- 
ened by osteoporosis. A eomplete transverse fraetnre of 
the distal 2 em of the radins, ealled a Colles fraetnre, is the 
most eommon fraetnre of the forearm (Fig. B6.3). The distal 
fragment is displaeed dorsally and is often eomminnted (bro- 
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FIGURE B6.3. 


Distal fracture of forearm bones. A. A normal vvrist. B. A Colles fracture vvith a dinner fork deform 



ken into pieees). The fraetnre resnlts from foreed extension 
of the hand, nsnally as the resnlt of trying to ease a fall by 
ontstretehing the npper limb. 

Often the nlnar styloid proeess is avnlsed (broken off). 
Normally the radial styloid proeess projeets farther dis- 
tally than the nlnar styloid (Fig. B6.3A); eonsequently, 
when a Golles fraetnre oeenrs, this relationship is reversed 
beeanse of shortening of the radins (Fig. B6.3B). This 
fraetnre is often referred to as a dinner fork deformity 
beeanse a posterior angnlation oeenrs in the forearm jnst 
proximal to the wrist and the normal anterior enrvatnre of 
the relaxed hand. The posterior bending is prodneed by 
the posterior displaeement and tilt of the distal fragment 
of the radins. 

The typieal history of a person with a Golles fraetnre 
inelndes slipping or tripping and, in an attempt to break the 
fall, landing on the ontstretehed limb with the forearm and 
hand pronated. Beeanse of the rieh blood snpply to the distal 
end of the radins, bony nnion is nsnally good. 

When the distal end of the radins fraetnres in ehildren, 
the fraetnre line may extend throngh the distal epiphysial 
plate. Epiphysial plate injnries are eommon in older ehildren 
beeanse of their frequent falls in which the forees are trans- 
mitted from the hand to the radins and nlna. The healing 
proeess may resnlt in malalignment of the epiphysial plate 
and distnrbanee of radial growth. 


Fracture of Seaphoìd 

The seaphoid is the most frequently fraetnred ear- 
pal bone. It often resnlts from a fall on the palm 
when the hand is abdneted, the fraetnre oeenrring 
aeross the narrow part of the seaphoid (Fig. B6.4). Pain 
oeenrs primarily on the lateral side of the wrist, espeeially 
dnring dorsiflexion and abdnetion of the hand. Initial 



radiographs of the wrist may not reveal a fraetnre; often this 
injnry is (mis)diagnosed as a severely sprained vorist. 

Radiographs taken 10-14 days later reveal a fraetnre 
beeanse bone resorption has oeenrred there. Owing to the 
poor blood snpply to the proximal part of the seaphoid, nnion 
of the fraetnred parts may take at least 3 months. Avasenlar 
neerosis of the proximal fragment of the seaphoid (pathologi- 
eal death of bone, resnlting from inadequate blood snpply) 
may oeenr, and prodnee degenerative joint disease of the 
lorist. In some eases, it is neeessary to fnse the earpals snrgi- 
eally {arthrodesis). 
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FIGUREB6.4. Fracture of seaphoìd. 


Fracture of Hamate 



Fraetnre of the hamate may resnlt in non-nnion of 
the fraetnred bony parts beeanse of the traetion 
prodneed by the attaehed mnseles. Beeanse the 
nlnar nerve is elose to the hook of the hamate, the nerve may 
be injnred by this fraetnre, eansing deereased grip strength 
of the hand. The nlnar artery may also be damaged when the 
hamate is fraetnred. 
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Fracture of Metaearpals 

The metaearpals (except the Ist) are elosely bound 
together; henee isolated fraetnres tend to be stable. 
Fnrthermore, these bones have a good blood snpply, 
and fraetnres nsnally heal rapidly. Severe erashing injnnes of 
the hand may prodnee mnltiple metaearpal fraetnres, resnlting 
in instability of the hand. Fraetnre of the 5th metaearpal, often 
referred to as a hoxersfracture, oeenrs when an nnskilled per- 
son pnnehes someone with a elosed and abdneted fist. The 
head of the bone rotates over the distal end of the shaft, pro- 
dneing a fiexion deformity. 


Fracture of Phalanges 

Crushing injnries of the distal phalanges are eommon 
(e.g., when a finger is eanght in a ear door). Beeanse 
of the highly developed sensation in the fingers, these 
injnries are extremely painfnl. Afracture of a distal phalanx is 
usually eomminnted, and a painfnl hematoma (loeal eolleetion 
of blood) soon develops. Fraetnres of the proximal and middle 
phalanges are usually the resnlt of ernshing or hyperextension 
injnries. Because of the elose relationship of phalangeal frae- 
tnres to the fiexor tendons, the bone fragments mnst be eare- 
fnlly realigned to restore normal fnnetion of the fingers. 




The Bottom Lìne 


BONES OF UPPER LIMB 

eomparìson of upper and lower lìmbs: The development 
and structure of the upper and lower limbs have much in eom- 
mon; however, the upper limb has beeome a mobile organ that 
allows humans not only to respond to their environment, but 
to manipulate and eontrol it to a large degree. ♦ The upper 
limb is eomposed of four inereasingly mobile segments: The 
proximal three (shoulder, arm, and forearm) serve primarily to 
position the fourth segment (hand), which is used forgrasping, 
manipulation, and touch. ♦ Four eharaeteristies allow the inde- 
pendent operation of the upper limbs, allowing the hands to be 
preeisely positioned and enabling accurate eye-hand eoordina- 
tion: (1) the upper limbs are not involved in weight bearing or 
ambulation, (2) the peetoral girdle is attaehed to the axial skel- 
eton only anteriorly via a very mobile joint, (3) paired bones of 
the forearm ean be moved relative to eaeh other, and (4) the 
hands have long, mobile fingers and an opposable thumb. 

eiavìele: The subcutaneously-located elaviele eonneets 
the upper limb (superior appendicular skeleton) to the trunk 
(axial skeleton). ♦ The elaviele serves as a movable erane-like 
strut (extended support) from which the scapula and free 
limb are suspended at a distanee from the trunk that enables 
freedom ofmotion. ♦ Shoeks reeeived by the upperlimb 
(espeeially the shoulder) are transmitted through the elaviele, 
resulting in a fracture that most eommonly occurs between its 
middle and lateral thirds. ♦ The elaviele is the first long bone 
to ossify and the last to be fully formed. 

Scapula: The scapula forms the mobile base from which the 
free upper limb aets. ♦ This triangular flat bone is curved to eon- 
form to the thoraeie wall, and provides large surface areas and 
edges for attaehment of muscles. ♦ These muscles (1) move the 
scapula on the thoraeie wall at the physiologieal scapulothoracic 
joint, and (2) extend to the proximal humerus maintaining the 
integrity of—and producing motion at—the glenohumeral joint. 

♦ The spine of the scapula and aeromion serve as levers; the 
aeromion enables the scapula and attaehed muscles to be loeated 
medially against the trunk with the acromioclavicular (AC) and 
glenohumeral joints, thereby allowing movement lateral to the 


trunk. ♦ The eoraeoid proeess of the scapula is the site of attaeh- 
ment for the coracoclavicular ligament, which passively supports 
the upper limb, and a site for muscular (tendon) attaehment. 

Hunnems: The long, strong humerus is a mobile strut—the 
first in a series of two—used to position the hand at a height 
(level) and distanee from the trunkto maximize its effieieney. 

♦ The spherieal head of the humerus enables a great range of 
motion on the mobile scapular base; the troehlea and capitu- 
lum at its distal end faeilitate the hinge movements of the 
elbow and, at the same time, the pivoting of the radius. ♦ The 
long shaft of the humerus enables reaehing, and makes it an 
effeetive lever for power in lifting, as well as providing surface 
area for attaehment of muscles that aet primarily at the elbow. 

♦ Added surface area for attaehment of flexors and extensors 
ofthe wrist is provided by the epieondyles, the medial and lat- 
eral extensions of the distal end of the humerus. 

Lllna and radìus: The ulna and radius together make up 
the seeond unit of a two-unit articulated strut (the first unit 
being the humerus), projeeting from a mobile base (shoulder) 
that serves to position the hand. ♦ Because the forearm unit 
is formed by two parallel bones, and the radius is able to pivot 
aboutthe ulna, supination and pronation ofthe hand are pos- 
sible during elbow flexion. ♦ Proximally, the larger medial ulna 
forms the primary articulation with the humerus, whereas dis- 
tally, the shorter lateral radius forms the primary articulation 
with the hand via the wrist. ♦ Because the ulna does not reaeh 
the wrist, forees reeeived by the hand are transmitted from the 
radius to the ulna via the interosseous membrane. 

Hand: Eaeh segment of the upper limb inereases the 
fijnetionality of the end unit, the hand. ♦ Loeated on the free 
end of a two-unit articulated strut (arm and forearm) projeet- 
ingfrom a mobile base (shoulder), the hand ean be positioned 
over a wide range relative to the trunk. ♦ The hand’s eonneetion 
to the flexible strut via the multiple small bones of the wrist, 
eombined with the pivoting of the forearm, greatly inereases its 
ability to be plaeed in a particular position with the digits able 
to flex (push orgrip) in the neeessary direetion. ♦ The earpal 
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bones are organized into two rows of four bones eaeh and, as a 
group, articulate with the radius proximally and the metaearpals 
distally. ♦ The highly flexible, elongated digits—extending from 
a semirigid base (the palm)—enable the ability to grip, manipu- 
late, or perform complex tasks involving multiple and simulta- 
neous individual motions (e.g., when typing or playing a piano). 


Surface anatomy: The upper limb presents multiple pal- 
pable bony features that are useful (1) when diagnosing frae- 
tures, disloeations, or malformations; (2) for approximating 
the position of deeper structures; and (3) for preeisely deserib- 
ing the loeation of ineisions and sites for therapeutic puncture, 
or areas of pathology or injury. 


FASeiA, EFFERENT VESSELS, 
CUTANEOUS INNERVATION, 

AND MYOTOMES OF UPPER LIMB 

Faseia of Upper Limb 

Deep to the skin is (1) subcutaneous tissue (snperfìeial 
faseia) eontaining fat, and (2) deep faseia eompartmental- 
izing and investing the mnseles (Fig. 6.13). If no strnetnre 
(mnsele, tendon, or bnrsa, for example) intervenes betvveen 
the skin and bone, the deep faseia is nsnally attaehed to 
bone. 

The faseia of the peetoral region is attaehed to the elaviele 
and sternnm. The peetoral faseia invests the peetoralis 
major, and is eontinnons inferiorly with the faseia of the ante- 
rior abdominal wall. The peetoral faseia leaves the lateral bor- 
der of the peetoralis major and beeomes the axillary faseia, 
which forms the fìoor of the axilla (eompartment deep to arm- 
pit). Deep to the peetoral faseia and peetoralis major, another 
faseial layer, the elavipeetoral faseia, deseends from the 
elaviele, enelosing the snbelavins and then peetoralis minor, 
beeoming eontinnons inferiorly with the axillary faseia. 

The part of the elavipeetoral faseia between the peetora- 
lis minor and snbelavins, the eostoeoraeoid membrane, is 
piereed by the lateral peetoral nerve, which primarily snp- 
plies the peetoralis major. The part of the elavipeetoral faseia 
inferior to the peetoralis minor, the suspensory ligament 
of the axilla, snpports the axillary faseia, and pnlls it and the 
overlying skin upward dnring abdnetion of the arm, forming 
the axillary fossa (armpit). 

The seapnlohnmeral mnseles that eover the seapnla, and 
form the bnlk of the shonlder, are also ensheathed by deep 
faseia. The deltoid faseia deseends over the snperfìeial snr- 
faee of the deltoid from the elaviele, aeromion, and seapnlar 
spine. From the deep snrfaee of the deltoid faseia, nnmer- 
ons septa penetrate between the faseieles (bnndles) of the 
mnsele. Inferiorly, the deltoid faseia is eontinnons with the 
peetoral faseia anteriorly, and the dense infraspinons faseia 
posteriorly. The mnseles that eover the anterior and poste- 
rior snrfaees of the seapnla are eovered snperfìeially with 
deep faseia, which is attaehed to the margins of the seapnla 
and posteriorly to the spine of the seapnla. 

This arrangement ereates osseofìbrons suhscapular, 
supraspinous, and infraspinous eompartments; the mnseles 


in eaeh eompartment attaeh to (originate from) the deep 
snrfaee of the overlying faseia in part, allowing the mnseles 
to have greater bnlk (mass) than would be the ease if only 
bony attaehments oeenrred. The supraspinous and infra- 
spinons faseia overlying the snpraspinatns and infraspinatns 
mnseles, respeetively, on the posterior aspeet of the seapnla 
are so dense and opaque that they mnst be removed dnring 
disseetion to view the mnseles. 

The braebial faseia, a sheath of deep faseia, eneloses the 
arm like a snng sleeve deep to the skin and snbentaneons tis- 
sne (Figs. 6.13A and 6.14A & B). It is eontinnons snperiorly 
with the deltoid, peetoral, axillary, and infraspinons faseias. 
The braehial faseia is attaehed inferiorly to the epieondyles of 
the hnmerns and the oleeranon of the nlna. This faseia is eon- 
tinnons with the antebraebial faseia, the deep faseia of the 
forearm. Two intermnsenlar septa—the medial and lateral 
intermuscular septa —extend from the deep snrfaee of 
the braehial faseia to the eentral shaft and medial and lateral 
snpra-epieondylar ridges of the hnmerns (Fig. 6.14B). These 
intermnsenlar septa divide the arm into anterior (flexor) 
and posterior (extensor) faseial eompartments, eaeh of 
which eontains mnseles serving similar fnnetions and sharing 
eommon innervation. The faseial eompartments of the npper 
limb are important elinieally beeanse they also eontain and 
direet the spread of infeetion or hemorrhage in the limb. 

In the forearm, similar faseial eompartments are snr- 
ronnded by the antehraehial faseia and are separated by the 
interosseons membrane eonneeting the radins and nlna 
(Fig. 6.14C). The antebraehial faseia thiekens posteriorly 
over the distal ends of the radins and nlna to form a trans- 
verse band, the extensor retinaculum, which retains the 
extensor tendons in position (Fig. 6.14D). 

The antebraehial faseia also forms an anterior thiekening, 
which is eontinnons with the extensor retinaenlnm bnt is offì- 
eially nnnamed; some anthors identify it as the palmar earpal 
ligament. Immediately distal and at a deeper level to the lat- 
ter, the antebraehial faseia is also eontinned as the flexor 
retinaculum (transverse earpal ligament).^ This fìbrons 
band extends between the anterior prominenees of the onter 

^ It is awkward that the stmcture offìeially identifìed as the fìexor retinaculum 
does not eorrespond in position and stmetnre to the extensor retinaculum 
when there is another stmetnre (the palmar earpal ligament, enrrently nnree- 
ognized by Terminologia Anatomiea) that does. The elinieal eommnnity has 
proposed and widely adopted the use of the more stmetnrally based term 
transverse earpal ligament to replaee the term jìexor retinaenlnm. 
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FIGITRE 6.13. Anterìorwall and floor of cixìlla. A. Axillary faseia 
forms the fìoor of the axilla and is continuous with the peetoral 
faseia. B.The peetoral faseia surrounds the peetoralis major, form- 
ing the anterior layer of the anterior axillary wall. The elavipeetoral 
faseia extends between the eoraeoid proeess of the scapula, the 
elaviele, and the axillary faseia. 


earpal bones, and eonverts the anterior eoneavity of the ear- 
pns into a earpal tnnnel, throngh whieh the flexor tendons 
and median nerve pass. 

The deep faseia of the npper limh eontinnes beyond 
the extensor and flexor retinaenla as the palmar faseia. 
The eentral part of the palmar faseia, the palmar apo- 
nenrosis, is thiek, tendinons, and triangnlar and overlies 
the eentral eompartment of the palm. Its apex, loeated 
proximally, is eontinnons with the tendon of the palmaris 
longns (when it is present) (Fig. 6.14A). The aponenrosis 
forms fonr distinet thiekenings that radiate to the bases 
of the fingers and beeome eontinnons with the fibrons 
tendon sheaths of the digits. The bands are traversed 
distally by the superficial transverse metaearpal liga- 
ment, whieh forms the base of the palmar aponenrosis. 
Innnmerable minnte, strongs/ein ligaments (L. retinaenla 
entis) extend from the palmar aponenrosis to the skin (see 


the introdnetion; Fig. I.8B, p. 17). These ligaments hold 
the palmar skin elose to the aponenrosis, allowing little 
sliding movement of the skin. 

Venous Draìnage of IJpper Lìmb 

SUPERFICIAL VEINS OF UPPER LIMB 

The main snperfleial veins of the npper limb, the eephalie 
and basilie veins, originate in the snbentaneons tissne on 
the dorsnm of the hand from the dorsal venous network 
(Fig. 6.15A). Perforating veins form eommnnieations 
between the snperfleial and deep veins (Fig. 6.15B). Like the 
dermatomal pattern, the logie for naming the main snperfl- 
eial veins of the npper limb eephalie (toward the head) and 
basilie (toward the base) beeomes apparent when the limb is 
plaeed in its initial embryonie position. 
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FIGIJRE 6.14. Faseia and eompartments of upper limb. A. Braehial and antebraehial faseia surround the structures ofthe free upper limb. B.The inter- 
muscular septa and humerus divide the spaee inside the braehial faseia into anterior and posterior eompartments, eaeh of which eontains muscles serving 
similar functions and the nerves and vessels supplying them. C. The interosseous membrane and the radius and ulna similarly separate the spaee inside the 
antebraehial faseia into anterior and posterior eompartments. D. The deep faseia of the forearm thiekens to form the extensor retinaculum posteriorly, and 
a eorresponding thiekening anteriorly (palmar earpal ligament). At a deeper level, the fìexor retinaculum extends between the anterior prominenees of the 
outer earpal bones, eonverting the anterior eoneavity of the carpus into an osseofìbrous earpal tunnel. 


The eephalie vein (G. kephalé, head) aseends in the 
snbentaneons tissne from the lateral aspeet of the dorsal 
venons netvvork, proeeeding along the lateral border of the 
wrist and the anterolateral snrfaee of the proximal forearm 
and arm; it is often visible throngh the skin. Anterior to the 
elbow, the eephalie vein eommnnieates with the median 


enbital vein, which passes obliquely aeross the anterior 
aspeet of the elbow in the enbital fossa (a depression in 
front of the elbow), and joins the basilie vein. The eephalie 
vein eonrses snperiorly between the deltoid and peetora- 
lis major mnseles along the deltopeetoral groove, then 
enters the elavipeetoral triangle (Figs. 6.2 and 6.15B). 
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FIGIJRE 6.15. Superficial veins and lymph nodes of upper limb. A. The digital veins and dorsal venous netvvork on the dorsum ofthe hand. B. Basilie and 
eephalie veins. Arrows indieate the fìow of lymph within lymphatie vessels, which eonverge toward the vein and drain into the cubital and axillary lymph nodes. 


It then pierees the eostoeoraeoid membrane and part of 
the elavipeetoral faseia, joining the terminal part of the 
axillary vein. 

The basilie vein aseends in the snbentaneons tissne 
from the medial end of the dorsal venons netvvork along the 
medial side of the forearm and the inferior part of the arm; 
it is often visible throngh the skin. It then passes deeply near 
the jnnetion of the middle and inferior thirds of the arm, 
piereing the braehial faseia and rnnning snperiorly parallel 
to the braehial artery and the medial entaneons nerve of the 
forearm to the axilla, where it merges with the aeeompanying 
veins (L. venae eomitantes) of the axillary artery to form the 
axillary vein. 

The median antebraehial vein (median vein of the 
forearm) is highly variable. It begins at the base of the dor- 
snm of the thnmb, enrves aronnd the lateral side of the wrist, 
and aseends in the middle of the anterior aspeet of the fore- 
arm between the eephalie and the basilie veins. The median 


antebraehial vein sometimes divides into a median hasilie 
vein, which joins the basilie vein, and a median eephalie vein, 
which joins the eephalie vein. 

DEEP VEINS OF UPPER LIMB 

Deep veins lie internal to the deep faseia, and—in eontrast 
to the snperfieial veins—nsnally oeenr as paired (eontinnally 
interanastomosing) aeeompanying veins that travel with, 
and bear the same name as, the major arteries of the limb 

(Fig. 6.16). 

Lymphatie Drainage of ITpper Limb 

Snperjìeial lymphatie vessels arise from lymphatie plexuses 
in the skin of the fingers, palm, and dorsnm of the hand and 
aseend mostly with the snperfieial veins, sneh as the eephalie 
and basilie veins (Fig. 6.17). Some vessels aeeompanying 
the basilie vein enter the cubital lymph nodes, loeated 
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FIGIJRE 6.16. Deep veins of upper limb. The deep veins bear the same name as the arteries they aeeompany 


proximal to the medial epieondyle and medial to the basilie 
vein. Efferent vessels from these lymph nodes aseend in the 
arm and terminate in the humeral (lateral) axillary lymph 
nodes (see Ghapter 1). 

Most snperfieial lymphatie vessels aeeompanying the 
eephalie vein eross the proximal part of the arm and the 
anterior aspeet of the shonlder to enter the apieal axillary 
lymph nodes; hovvever, some vessels previonsly enter the 
more snperfieial deltopeetoral lymph nodes. 


Deep lymphatie vessels, less nnmerons than snperfieial 
vessels, aeeompany the major deep veins in the npper limb 
(radial, nlnar, and braehial—Fig. 6.16) and terminate in the 
hnmeral axillary lymph nodes. They drain lymph from the 
joint eapsnles, periostenm, tendons, nerves, and mnseles 
and aseend with the deep veins; a few deep lymph nodes 
may oeenr along their eonrse. The axillary lymph nodes are 
drained by the snhelavian lymphatie trank; both are dis- 
enssed in greater detail with the axilla, later in this ehapter. 
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FIGIJRE 6.17. Lymphatìe draìnage of upper limb. Superficial lymphatie 
vessels originate from the digital lymphatie vessels of the digits and lym- 
phatie plexus of the palm. Most drainage from the palm passes to the 
dorsum ofthe hand {smallarrovvs). 


Cutaneous Innervation of IJpper Lìmb 

The cutaneous nerves of the upper limb follow a gen- 
eral pattern that is easy to nnderstand if it is noted that 
developmentally the limbs grow as lateral protrnsions of 
the trunk, with the Ist digit (thumb or great toe) loeated 
on the eranial side (thumb is direeted superiorly). Thus 
the lateral aspeet of the upper limb is innervated by more 
eranial spinal eord segments or nerves than the medial 
aspeet. 


There are two dermatome maps in eommon use. One 
has gained popnlar aeeeptanee beeanse of its more intui- 
tive aesthetie qualities, eorresponding to eoneepts of limb 
development (Keegan and Garrett, 1948); the other is 
based on elinieal findings and is generally preferred by 
nenrologists (Foerster, 1933). Both maps are approxima- 
tions, delineating dermatomes as distinet zones when actu- 
ally there is much overlap between adjaeent dermatomes 
and much variation (even from side to side in the same 
individnal). In both sehemes, observe the progression of 
the segmental innervation of the varions cutaneous areas 
around the limb when it is plaeed in its “initial embry- 
onie position” (abdneted with thumb direeted superiorly) 

(Fig. 6.18; Table6.1). 

Most cutaneous nerves of the upper limb are derived 
from the hraehial plexus, a major nerve network formed by 
the anterior rami of the C5-T1 spinal nerves (see “Braehial 
Plexus” on p. 721). The nerves to the shonlder, however, are 
derived from the eervieal plexus, a nerve network eonsisting 
of a series of nerve loops formed between adjaeent anterior 
rami of the first four eervieal nerves. The eervieal plexus lies 
deep to the sternoeleidomastoid mnsele on the anterolateral 
aspeet of the neek. 

The cutaneous nerves of the arm and forearm^ are 
illnstrated in Fignre 6.19, and their eontribnting spinal 
nerves, sonree, and eonrse and distribntion are provided 
in Table 6.2 

Note that there are lateral, medial, and posterior (but no 
anterior) cutaneous nerves of the arm and forearm; as dis- 
enssed later in this ehapter, this pattern eorresponds to that 
of the eords of the braehial plexus. 

Motor Innervation (Myotomes) 
of IJpper Limb 

Somatie motor (general somatie efferent) fibers travel- 
ing in the same mixed peripheral nerves that eonvey sen- 
sory fibers to the cutaneous nerves transmit impnlses to 
the volnntary mnseles of the upper limb. The unilateral 
embryologieal mnsele mass (and derived mnsele) reeeiv- 
ing innervation from a single spinal eord segment or spinal 
nerve eonstitntes a myotome. Upper limb mnseles usually 
reeeive motor fibers from several spinal eord segments or 
nerves. Thus most muscles are made up of more than one 
myotome, and mnltiple spinal eord segments are usually 
involved in prodneing the movement of the upper limb 
(Fig. 6.20). The intrinsie mnseles of the hand eonstitnte a 
single myotome (Tl). 

(text eontinnes onp. 697) 


^The preferred English-equivalent terms listed by Terminologia Anatomiea 
(TA) are nsed here. Offìeial altemate TA terms replaee of the arm with bra- 
ehial, and of theforearm with antebraehial. 
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FIGIJRE 6.18. Segmental (dermatomal) and perìpheral (cutaneous nerve) innervation of upper limb. A and B. The pattern of segmental (dermatomal) 
innervation ofthe upper limb proposed by Foerster (1933) depiets innervation ofthe medial aspeet ofthe limb by upper thoraeie (T1-T3) spinal eord 
segments, eonsistent vvith the experience of heart pain (angina peetoris) referred to that area. C and D. The pattern of segmental innervation proposed by 
Keegan and Garrett (1948) has gained popular aeeeptanee, perhaps because of the regular progression of its stripes and eorrelation vvith developmental 
eoneepts. In both patterns, the dermatomes progress sequentially around the periphery ofthe outstretched limb (vvith the thumb direeted superiorly), 
providing a vvay to approximate the segmental innervation. 


TABLE 6.1. DERMATOMES OF UPPER LIMB 


Spinal Segment/Nerve(s) 

Deseription of Dermatome(s) 

C3,C4 

Region at base of neek, extending laterally over shoolder 

C5 

Lateral aspeet of arm (i.e., soperior aspeet of abdoeted arm) 

C6 

Lateral forearm and thumb 

C7 

Middle and ring fingers (or middle three fingers) and eenterof posterior aspeetof forearm 

C8 

Little finger, medial side of hand and forearm (i.e., inferior aspeet of abducted arm) 

T1 

Medial aspeetof forearm and inferior arm 

T2 

Medial aspeetof superior arm and skin of axilla^ 


aNot indieated on the Keegan and Garrett(1948) dermatome map. Hovvever, pain experienced during a heartattaek, eonsidered to be mediated by T1 and T2, is 
eommonly deseribed as "radiating dovvn the medial side of the left arm." 
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FIGITRE 6.19. Distribution of peripheral (named) cutaneous nerves in upper limb. Most ofthe nerves are branehes of nerve plexuses and, therefore, 
eontain fibers from more than one spinal nerve or spinal eord segment. 


TABLE 6.2. CUTANEOUS NERVES OF UPPER LIMB 


Cutaneous 

Nerve 

Contributing 
Spinai Nerves 

Source 

Course and Distribution 

Supraclavicular 

nerves 

C3,C4 

eervieal plexus 

Pass anteriorto elaviele, immediately deep to 
platysma, and supply skin over elaviele and supero- 
iateral aspeetof peetoralis major 

Superior lateral 
cutaneous nerve 
of arm 

C5,C6 

Terminal braneh of axillary nerve 

Emerges from beneath posterior margin of deltoid and 
supplies skin over lower partof this muscle and on 
lateral side of midarm 

Inferior lateral 
cutaneous nerve 
of arm 

C5,C6 

Radial nerve (or posterior cutaneous 
nerve of arm) 

Perforates lateral head of trieeps, passing elose to 
eephalie vein to supply skin over inferolateral aspeet 
of arm 

Posterior cutane- 
ous nerve of arm 

C5-C8 

Radial nerve (in axilla) 

erosses posteriorto and communicates with inter- 
eostobraehial nerve and supplies skin on posterior 
arm as far as oleeranon 
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TABLE 6.2. CUTANEOUS NERVES OF UPPER LIMB (Contìnued) 


Cutaneous 

Nerve 

Contributing 
Spinai Nerves 

Source 

Course and Distribution 

Posterior 
cutaneous nerve 
of forearm 

C5-C8 

Radial nerve (with inferior lateral cutane- 
ous nerve of arm) 

Perforates lateral head of trieeps, deseends laterally 
in arm, then runs along and supplies posterior fore- 
arm to wrist. 

Lateral cutaneous 
nerve of forearm 

C6-C7 

Musculocutaneous nerve (terminal 
braneh) 

E merges lateral to bieeps tendon deep to eephalie 
vein, supplying skin of anterolateral forearm to wrist 

Medial cutaneous 
nerve of forearm 

C8,T1 

Medial eord of braehial plexus (in axilla) 

Deseends medial to braehial artery, pierees deep fas- 
eia with basilie vein in midarm, dividing into anterior 
and posterior branehes that enter forearm and supply 
skin of anteromedial aspeetto wrist 

Medial cutaneous 
nerve of arm 

C8-T2 

Medial eord of braehial plexus (in axilla) 

Communicates with intereostobraehial nerve, continu- 
ing to supply skin of medial aspeet of distal arm 

intereostobraehial 

nerve 

T2 

Seeond intereostal nerve (as its lateral 
cutaneous braneh) 

Extends laterally, communicating with posteriorand 
medial cutaneous nerves of arm, suppiying skin of 
axilla and medial aspeet of proximal arm 


Glenohumeral 
(shoulder) joint 


Glenohumeral 
(shoulder) joint 


Lateral rotation 

C5 



Extension 

C6 
C7 
C8 


Abduction 


Anterior view 


(A, B) Movements at gienohumeral joint 

(produced by shouider muscies) 



Superior 
radio-ulnar joint 



Inferior 


radio-ulnar joint 


Supination 

C6 


Pronation 

C7 

C8 


Anterior view 



Flexion 

C5 


Flexion 

C5 



Extension 

C6 

C7 


Flexion 

C6 


Laterai view 

(C) Movements at wrist joint 
(produced by forearm 
muscies) 


Laterai view 


Anterior views 


Digital 

extension 

C7 

C8 



Lateral 


Medial 


abduction t 1 abduction 



Abduction 


Adduction 


T1 


Abduction and 


(D) Movements at radio-uinar joints 
(produced by forearm muscies) 


(E) Movements at metaearpo- 
phaiangeai and interphaiangeai 
joints (produced by forearm 
mucies) 


Abduction of 3rd digit Adduction of digits 2-5 

(F) Movements at metaearpophaiangeai 
joints (produced by intrinsie muscie 
of hand) 


FIGURE 6.20. Segmental innervation of movements of the upper limb. A-F. Most movements involve portions of multiple myotomes; hovvever, the 
intrinsie muscles of the hand involve a single myotome (T1). 
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The Bottom Lìne 


FASeiA, EFFERENT VESSELS, CUTANEOUS INNERVATION, AND MYOTOMES 
OF UPPER LIMB 


Faseìa: The firm deep faseia of the upper limb surrounds and 
eontains the structures of the upper limb as an expansion- 
limiting membrane deep to the skin and subcutaneous 
tissue. ♦ The deep surface of the faseia, which oeeasionally 
serves to extend the surface area available for muscular 
origin, is attaehed direetly or via intermuscular septa to 
the enelosed bones. ♦ The deep faseia thus forms faseial 
eompartments eontaining individual muscles or muscle 
groups of similar function and innervation. ♦ The eom- 
partments also eontain or direet the spread of infeetion or 
hemorrhage. 

Superfìcìal veìns: The eephalie vein courses along the 
eranial (eephalie) margin of the limb, while the basilie vein 
courses along the caudal (basie) margin of the limb. ♦ Both 
veins eome from the dorsal venous network on the dorsum 
of the hand, and terminate by draining into the beginning 
(basilie vein) and end (eephalie vein) of the axillary vein. 

Deep veìns: Deep veins in the limbs usually take the form 
of paired aeeompanying veins, bearing the same name as the 
artery they aeeompany. 

Lymphatìe vessels: The superficial lymphatie vessels 
generally eonverge on and follow the superficial veins, and the 
deep lymphaties follow the deep veins. ♦ The lymph eolleeted 
from the upper limb by both superficial and deep lymphaties 
drains into the axillary lymph nodes. 


Dermatomes: As a consequence of plexus formation, 
two patterns of cutaneous innervation occur in the upper limb: 

(1) segmental innervation (dermatomes) by spinal nerves and 

(2) innervation by multisegmental peripheral (named) nerves. 
The former pattern is easiest to visualize if the limb is plaeed in 
its initial embryonie position (abducted with the thumb direeted 
superiorly). ♦ The segments then progress in deseending order 
around the limb (starting with C4 dermatome at the root of the 
neek, proeeeding laterally or distally along the superior surface 
and then medially or proximally along the inferior surface, as the 
T2 dermatome continues onto the thoraeie wall). 

Cutaneous ìnnervatìon: Like the braehial plexus, which 
forms posterior, lateral, and medial (but no anterior) eords, 
the arm and forearm have posterior, lateral, and medial (but 
no anterior) cutaneous nerves. ♦ The medial cutaneous nerves 
are branehes of the medial eord of the braehial plexus. ♦ The 
posterior cutaneous nerves are branehes ofthe radial nerve. 

♦ Eaeh of the lateral cutaneous nerves arise from a separate 
source (axillary, radial, and musculocutaneous nerves). 

Myotomes: Most upper limb muscles include eomponents 
of more than one myotome and thus reeeive motor fibers from 
several spinal eord segments orspinal nerves. ♦ Thus multiple 
spinal eord segments are involved in producing the movements 
of the upper limb. ♦ The intrinsie muscles of the hand eonsti- 
tute a single myotome (T1). 


PEGTORAL AND SCAPUliAR 
REGIONS 

Anterìor Axio-appendicular Muscles 

Four anterior axio-appendicular mnseles (thoraeo-appendie- 
nlar or peetoral mnseles) move the peetoral girdle: peetoralis 
major, peetoralis minor, subclavius, and serratns anterior. 
These mnseles and their attaehments are illnstrated in Fig- 
ure 6.21, and their attaehments, nerve snpply, and main 
aetions are snmmarized in Table 6.3. 

The peetoralis major is a large, fan-shaped mnsele that 
eovers the snperior part of the thorax (Fig. 6.2lA). It has 
elavienlar and sternoeostal heads. The sternoeostal head 
is much larger, and its lateral border forms the muscular 
mass that makes up most of the anterior wall of the axilla. 
Its inferior border forms the anterior axillary fold (see 
“Axilla” on p. 713). The peetoralis major and adjaeent deltoid 
mnseles form the narrow deltopeetoral groove, in which 
the eephalie vein runs (Fig. 6.15B); however, the mnseles 
diverge slightly from eaeh other snperiorly and, along with 


the elaviele, form the elavipeetoral (deltopeetoral) triangle 

(Figs. 6.2 and 6.15B). 

Prodneing powerful adduction and medial rotation of the 
arm when aeting together, the two parts of the peetoralis 
major ean also aet independently: the elavienlar head flex- 
ing the humerus, and the sternoeostal head extending it baek 
from the flexed position. 

To test the elavienlar head of peetoralis major, the arm is 
abdneted 90°; the individnal then moves the arm anteriorly 
against resistanee. If aeting normally, the elavienlar head ean 
be seen and palpated. 

To test the sternoeostal head of peetoralis major, the arm is 
abdneted 60° and then addneted against resistanee. If aeting 
normally, the sternoeostal head ean be seen and palpated. 

The peetoralis minor lies in the anterior wall of the axilla 
where it is almost eompletely eovered by the much larger pee- 
toralis major (Figs. 6.21B and 6.22). The peetoralis minor is 
triangnlar in shape: Its base (proximal attaehment) is formed 
by fleshy slips attaehed to the anterior ends of the 3rd-5th 
ribs near their eostal eartilages; its apex (distal attaehment) 
is on the eoraeoid proeess of the seapnla. Variations in the 
eostal attaehments of the mnsele are eommon. 
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Peetoralis 
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(B) 
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Anterior views 


Subclavius 


Peetoralis minor 


Goraeoid 


eiavide 


Serratus 

anterior 


proeess 

Inter- 
tubercular 
sulcus 

Peetoralis 

major 


Serratus 

anterior 


Muscle attaehments: 


Origin 


Insertion 



Peetoralis 

major 


Manubrium 

Sternal 

angle 

Peetoralis 

minor 


Body of 
sternum 


(E) Anterior 


Peetoralis 

major 


view 


FIGIJRE 6.21. Anterìor axìo-appendìcular muscles. 


TABLE 6.3. ANTERIOR AXIO-APPENDICUIiAR MUSCLES 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Peetoralis 

major 

Clavicular head: anterior surface 
of medial half of elaviele 

Sternoeostal head: anterior 
surface of sternum, superiorsix 
eostal eartilages, aponeurosis of 
external oblique muscle 

Lateral lip of intertubercular 
sulcus of humerus 

Lateral and medial pee- 
toral nerves; clavicular 
head (C5, C6), sterno- 
eostal head (C7, C8, Tl) 

Adducts and medially rotates 
humerus; dravvs scapula ante- 
riorly and inferiorly 

Aeting alone, clavicular head 
flexes humerus and sterno- 
eostal head extends itfrom the 
flexed position 

Peetoralis 

minor 

3rd-5th ribs near their eostal 
eartilages 

Medial borderand superior 
surface of eoraeoid proeess 
of scapula 

Medial peetoral nerve 
(C8,T1) 

Stabilizes scapula by dravv- 
ing it inferiorly and anteriorly 
againstthoraeie vvall 

Sub- 

clavius 

J unction of Ist rib and its eostal 
eartilage 

Inferior surface of middle 
third of elaviele 

Nerve to subclavius 
(C5,C6) 

Anehors and depresses 
elaviele 

Serratus 

anterior 

External surfaces of lateral parts 
of lst-8th ribs 

Anterior surface of medial 
borderof scapula 

Long thoraeie nerve 

(C5,C6,C7) 

Protraets scapula and holds it 
againstthoraeie vvall; rotates 
scapula 


®The spinal eord segmental innervation is indieated (e.g., "C5, C6" means thatthe nerves sopplying the subclavius are derived from the fifth and sixth eervieal seg- 
ments of the spinal eord). Numbers in boldfaee (C5) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments orto the 
motor nerve roots arising from them results in paralysis ofthe muscles eoneerned. 
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Deltoid 


Musculocutaneous 

nerve 


Gephalie vein 


Peetoralis major 


Nerve to 
eoraeobraehialis 

Goraeoid proeess 
of scapula 
Thoraeo-aeromial 


Bieeps braehii 
tendons: 

Long head 

Short head 

Axillary artery 
Goraeobraehialis 


Median 

nerve 



Lateral 

peetoral 

nerve 

Subclavius 

Superior 

thoraeie 

artery 

Peetoralis: 
Major 
Minor 


eostal 

eartilage 


Dlnar nerve 


Medial cutaneous nerve 
of forearm 


Teres major 


Thoraeodorsal nerve 


Subscapularis 

Lateral thoraeie artery 
Medial peetoral nerve 


Peetoralis 

major 

(refleeted) 


Latissimus dorsi 


Serratus anterior 
and long thoraeie 
nerve 


Anterior view 


FIGIJRE 6.22. Axio-appendicular muscles contributing to walls of axilla. Of the anterior axio-appendicular muscles forming the anterior wall, only 
portions of the peetoralis major (attaehing ends, a eentral part overlying the peetoralis minor, and a cube of muscle refìeeted superior to the elaviele), the 
peetoralis minor, and the subclavius remain. All the elavipeetoral faseia and axillary fat have been removed, as has the axillary sheath surrounding the neuro- 
vascular bundle. This enables observation of the medial wall of the axilla, formed by the serratus anterior overlying the lateral thoraeie wall, and of the latis- 
simus dorsi contributing to the posterior wall. 


The peetoralis minor stabilizes the seapnla and is nsed 
when stretehing the npper limb fonvard to toneh an objeet 
that is just out of reaeh. It also assists in elevating the ribs for 
deep inspiration when the peetoral girdle is fìxed or elevated. 
The peetoralis minor is a useful anatomieal and snrgieal land- 
mark for structures in the axilla (e.g., the axillary artery). With 
the eoraeoid proeess, the peetoralis minor forms a “bridge” 
under which vessels and nerves must pass to the arm. 

The subclavius lies almost horizontally when the arm is 
in the anatomieal position (Figs. 6.21C and 6.22). This small, 
round muscle is loeated inferior to the elaviele and affords 
some proteetion to the snbelavian vessels and the snperior 
trunk of the braehial plexus if the elaviele fractures. The 
subclavius anehors and depresses the elaviele, stabilizing it 
during movements of the upper limb. It also helps resist the 
tendeney for the elaviele to disloeate at the sternoelavienlar 
(Se) joint—for example, when pnlling hard during a tug-of- 
war game. 


The serratus anterior overlies the lateral part of the 
thorax and forms the medial wall of the axilla (Fig. 6.21D). 
This broad sheet of thiek muscle was named beeanse of 
the sawtoothed appearanee of its fìeshy slips or digita- 
tions (L. serratns, a saw). The muscular slips pass poste- 
riorly and then medially to attaeh to the whole length of 
the anterior snrfaee of the medial border of the seapnla, 
inelnding its inferior angle. The serratns anterior is one of 
the most powerful muscles of the peetoral girdle. It is a 
strong protraetor of the seapnla and is used when punch- 
ing or reaehing anteriorly (sometimes ealled the “boxer s 

muscle”)- 

The strong inferior part of the serratns anterior rotates the 
seapnla, elevating its glenoid eavity so the arm ean be raised 
above the shonlder. It also anehors the seapnla, keeping it 
elosely applied to the thoraeie wall, enabling other mnseles 
to use it as a fìxed bone for movements of the humerus. The 
serratus anterior holds the seapnla against the thoraeie wall 
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when doing pnsh-nps, or when pnshing against resistanee 
(e.g., pnshing a ear). 

To test the serratns anterior (or the fnnetion of the long 
thoraeie nerve that snpplies it), the hand of the ontstretehed 
limb is pnshed against a wall. If the mnsele is aeting normally, 
several digitations of the mnsele ean be seen and palpated. 

Posterior Axio-appendicular 
and Scapulohumeral Muscles 

The posterior axio-appendicular muscles (snperfieial 
and intermediate gronps of extrinsic baek mnseles) attaeh 


the snperior appendienlar skeleton (of the npper limb) to 
the axial skeleton (in the trnnk). The intrinsie haek mnseles, 
which maintain postnre and eontrol movements of the verte- 
bral eolnmn, are deseribed on p. 485. The posterior shonlder 
mnseles are divided into three gronps (Table 6.4): 

• Snperfieial posterior axio-appendicular {extrinsie shoul- 
der) museles: trapezins and latissimns dorsi. 

• Deep posterior axio-appendicular {extrinsic shonlder) 
mnseles: levator seapnlae and rhomboids. 

• Scapulohumeral {intrinsie shonlder) mnseles: deltoid, 
teres major, and the fonr rotator enff mnseles (snpraspi- 
natns, infraspinatns, teres minor, and snbseapnlaris). 


Deseending (superior) 
part of trapezius 


Levator scapuiae 


Rhomboid 

minor 


Rhomboid 

major 


Deitoid 


Teres major 


Trapezius 



Cutaneous branehes of posterior rami 


Spinal aeeessory 
nerve (CN XI) 


Latissimus dorsi 


Thoracolumbar faseia 


Middie part of trapezius 


Aseending (inferior) 
part of trapezius 


Triangle of auscultation 


Cutaneous branehes of 
posterior rami 


Spine of 
scapula 


Trapezius 


Supraspinatus 
in supraspinous 
fossa 


Aeromion 


Deltoid 



Coracobrachialis 
and short head 
of bieeps braehii proeess 


eoraeoid 


Levator 

scapulae 

Inferior belly 
of omohyoid 


Sterno- 

eleido- 

mastoid 

(SCM) 

Peetoralis 

major 


(A) Posterior view 


(B) Superior view 


FIGIJRE 6.23. Posterior axio-appendicular muscles. 


TABLE 6.4. POSTERIOR AXIO-APPENDICUIiAR MUSCLES 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Muscle Aetion 

Superficial posterioraxio-appendicular (extrinsic shoulder) muscles 

Trapezius 

Medial third of superior 
nuchal line; external oeeipital 
protuberance; nuchal liga- 
ment; spinous proeesses of 
C7-T12 vertebrae 

Lateral third of elaviele; 
aeromion and spine of 
scapula 

Spinal aeeessory nerve 
(CN XI) (motor fibers) and 
C3, C4 spinal nerves (pain 
and proprioeeptive fibers) 

Deseending part elevates; 
aseending part depresses; 
and middle part(orall parts 
together) retraets scapula; 
deseending and aseending 
parts aettogether to rotate 
glenoid eavity superiorly 

Latissimus 

dorsi 

Spinous proeesses of inferior 

6 thoraeie vertebrae, thoraeo- 
lumbar faseia, iliae erest, and 
infehor 3 or 4 ribs 

Floor of intertubercular 
sulcus of humerus 

Thoraeodorsal nerve (C6, 
C7,C8) 

Extends, adducts, and medi- 
ally rotates humerus; raises 
body tovvard arms during 
elimbing 


(continued) 
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TABLE 6.4. POSTERIOR AXIO-APPENDICUliAR MUSCLES (Contìnued) 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Muscle Aetion 

Deep posterioraxio-appendicular (extrinsic shouider) niuscies 

Levator 

scapuiae 

Posteriortubercles oftrans- 
verse proeesses of Cl-C4 
vertebrae 

Medial border of seap- 
ula superiorto rootof 
scapular spine 

Dorsal scapular (C4, C5) 
and eervieal (C3, C4) 
nerves 

Elevates scapula and rotates 
its glenoid eavity inferiorly by 
rotating scapula 

Rhomboid 
minor and 
major 

Minor: nuchal ligament; spi- 
nous proeesses of C7 and T1 
vertebrae 

Major: spinous proeesses of 
T2-T5 vertebrae 

Minor: smooth triangu- 
lar area at medial end 
of scapular spine 

Major: medial border 
of scapula from level of 
spine to inferior angle 

Dorsal scapular nerve 
(C4,C5) 

Retractscapula and rotate 
its glenoid eavity inferiorly; fix 
scapula to thoraeie wall 


^The spinal eord segmental innervation is indieated (e.g., "C4, C5"means thatthe nerves sopplying the rhomboids are derived from the fourth and fifth eervieal seg- 
ments of the spinal eord). Numbers in boldfaee (C5) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments orto the 
motor nerve roots arising from them results in paralysis ofthe muscles eoneerned. 


SUPERFICIAL POSTERIOR AXIO-APPENDICUliAR 
(EXTRINSIC SHOULDER) MUSCLES 

The superficial axio-appendicular mnseles are the trapezins 
and latissimns dorsi. These mnseles are illnstrated in Fignre 
6.23, and their attaehments, nerve supply, and main aetions 
are listed in Table 6.4. 

Trapezìus. The trapezius provides a direet attaehment 
of the peetoral girdle to the trnnk. This large, triangnlar mns- 
ele eovers the posterior aspeet of the neek and the superior 
half of the trnnk (Fig. 6.24). It was given its name beeanse 
the mnseles of the two sides form a trapezmm (G. irregn- 
lar fonr-sided fignre). The trapezins attaehes the peetoral 
girdle to the eraninm and vertebral eolnmn, and assists in 
snspending the npper limb. The fibers of the trapezins are 


Superior nuchal line 


Nuchal ligament 

Deseendìng part 
of trapezius (right 


Middle part 
of trapezius 

Spine of scapula 



Aeromion 
of scapula 


Deseending 
part of 
trapezius 




Nuchal 

ligament 


eiavide 


Aseending part 
of trapezius 

T12 Vertebra 


Spine of 
scapula 

Lateral view 


Posterior view 


divided into three parts, which have different aetions at the 
physiologieal seapnlothoraeie joint between the seapnla and 

thoraeie wall (Fig. 6.25; Table 6.5): 

• Deseending (snperior) fibers elevate the seapnla (e.g., 
when squaring the shonlders). 

• Middle fibers retraet the seapnla (i.e., pnll it posteriorly). 

• Aseending (inferior) fibers depress the seapnla and lower 
the shonlder. 

Deseending and aseending trapezins fibers aet together 
in rotating the seapnla on the thoraeie wall in different diree- 
tions, twisting it like a wing nnt. The trapezins also braees 
the shonlders by pnlling the seapnlae posteriorly and snpe- 
riorly, fixing them in position on the thoraeie wall with tonie 
eontraetion; consequently, weakness of the trapezins eanses 
drooping of the shonlders. 

To test the trapezins (or the fnnetion of the spinal aeees- 
sory nerve [CN XI] that snpplies it), the shonlder is shrngged 
against resistanee (the person attempts to raise the shonlders 
as the examiner presses down on them). If the mnsele is aet- 
ing normally, the snperior border of the mnsele ean be easily 
seen and palpated. 

Latíssímus Dorsì. The name latissimas dorsi 

(L. widest of baek) was well ehosen beeanse this mnsele eov- 
ers a wide area of the baek (Figs. 6.23 and 6.26; Table 6.4). 
This large, fan-shaped mnsele passes from the trnnk to the 
hnmerns, and aets direetly on the glenohnmeral joint and 
indireetly on the peetoral girdle (seapnlothoraeie joint). The 
latissimns dorsi extends, retraets, and rotates the hnmerns 
medially (e.g., when folding yonr arms behind yonr baek, or 
seratehing the skin over the opposite seapnla). 

In eombination with the peetoralis major, the latissimns 
dorsi is a powerful addnetor of the hnmerns, and plays a 
major role in downward rotation of the seapnla in assoeiation 
with this movement (Fig. 6.25, Table 6.5). It is also nsefnl 
in restoring the npper limb from abdnetion snperior to the 
shonlder; henee the latissimns dorsi is important in elimbing. 
In eonjnnetion with the peetoralis major, the latissimns dorsi 
raises the trnnk to the arm, which oeenrs when performing 


FIGURE 6.24. Trapezìus. 

























702 


ehapter 6 Llpper Limb 



> 'm ^ 

(A) Elevation/Depression 
Posterior view 


Manubriunn 


eiavide 


Sterno- 
davicular 



Aeromio- 

davicular 



Scapula 



(B) Protraetion/Retraetion 

Superior view of right half of peetoral girdle 


(C) Upward rotation/ 
Downward rotation 
Posterior view 


FIGITRE 6.25. Movements of scapula and muscles producing them. Arrows indieate the direetion of pull; the muscles (and gravity) producing eaeh move- 
ment are identified by numbers, vvhieh are listed in Table 6.5. 


TABLE 6.5. MOVEMENTS OF SCAPULA 


Movementof 

Scapula 

Muscles Producing Movement? 

Nerve to Muscles 

Range of Movement (Angular 
Rotation; Linear Displaeement) 

Elevation 

Trapezius, deseending part (1) 

Levatorscapulae (2) 

Rhomboids (3) 

Spinal aeeessory (CN XI) 

1 Dorsal scapular 

10-12 em 

Depression 

Gravity (12) 

Peetoralis major, inferior sternoeostal head (4) 
Latissimus dorsi (5) 

Trapezius, aseending part(6) 

Serratus anterior, inferior part (7) 

Peetoralis minor (8) 

Peetoral nerves 
Thoraeodorsal 

Spinal aeeessory (CN XI) 
Long thoraeie 

Medial peetoral 

Protraetion 

Serratus anterior (9) 

Peetoralis major (10) 

Peetoralis minor (8) 

Long thoraeie 

Peetoral nerves 

Medial peetoral 

40-45°; 15 em 

Retraetion 

Trapezius, middle part(ll) 

Rhomboids (3) 

Latissimus dorsi (5) 

Spinal aeeessory (CN XI) 
Dorsal scapular 
Thoraeodorsal 

Upward rotation'^ 

Trapezius, deseending part (1) 

Trapezius, aseending part(6) 

Serratus anterior, inferior part (7) 

1 Spinal aeeessory (CN XI) 
Long thoraeie 

60°; inferior angle: 10-12 em, 
superior angle: 5-6 em 

Downward rotation<= 

Gravity (12) 

Levator scapulae (2) 

Rhomboids (3) 

Latissimus dorsi (5) 

Peetoralis minor (8) 

Peetoralis major, inferior sternoeostal head (4) 

1 Dorsal scapular 

Thoraeodorsal 

Medial peetoral 

Medial and lateral 
peetoral nerves 


^Boldfaee indieates prime oressential mover(s). Numbers referto Figure 6.25. 
^The glenoid eavity moves superiorly, as in abduction of the arm. 

The glenoid eavity moves inferiorly, as in adduction of the arm. 
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T8 


T12 











^Latissimus 

dorsi 


Thoraeo- 


faseia 


Attaehment of latissimus 
dorsi to floor of 
intertubercular groove of 
humerus 



(B) Anterior view 



lliae erest 


Sacrum 


l 



\ 


(A) Posterior view 


FIGIJRE 6.26. Latissimus dorsi. A. Proximal attaehments. B. Distal 
attaehment. See Table 6.4 for details. 


chin-ups (hoisting oneself so the ehin tonehes an overhead 
bar) or elimbing a tree, for example. These movements are 
also nsed when ehopping wood, paddling a eanoe, and swim- 
ming (partienlarly dnring the erawl stroke). 

To test the latissirrms dorsi (or the fnnetion of the thoraeo- 
dorsal nerve that snpplies it), the arm is abdneted 90° and 
then addneted against resistanee provided by the examiner. 
If the mnsele is normal, the anterior border of the mnsele ean 
be seen and easily palpated in the posterior axillary fold (see 
“Axilla” on p. 713). 

DEEP POSTERIOR AXIO-APPENDICUliAR 
(EXTRINSIC SHOULDER) MUSCLES 

The deep posterior axio-appendicular (axio-scapular or 
thoraeo-appendienlar) muscles are the levator seapnlae and 
rhomboids. These mnseles provide direet attaehment of the 
appendienlar skeleton to the axial skeleton. The attaehments, 
nerve snpply, and main aetions are given in Table 6.4, p.701. 

Levator Scapulae. The snperior third of the strap-like 
levator scapulae lies deep to the sternoeleidomastoid; the 
inferior third is deep to the trapezins. From the transverse pro- 
eesses of the npper eervieal vertebrae, the fibers of the levator 
of the seapnla pass inferiorly to the snperomedial border of 
the seapnla (Figs. 6.23 and 6.27, Table 6.4). Trne to its name, 
the levator seapnlae aets with the deseending part of the trape- 
zins to elevate the seapnla, or fix it (resists forees that would 
depress it, as when earrying a load) (Fig. 6.25, Table 6.5). 


Transverse 
proeesses, 

C1-C4 

Levator scapulae 

Superior angle 
of scapula 




Transverse 

proeesses, 

C1-C4 

Levator 
scapulae 

Superior 
angle of 
scapula 


Posterior view 


Lateral view 


FIGIJRE 6.27. Levator scapulae. 


With the rhomboids and peetoralis minor, the levator 
seapnlae rotates the seapnla, depressing the glenoid eavity 
(tilting it inferiorly by rotating the seapnla). Aeting bilaterally 
(also with the trapezins), the levators extend the neek; aeting 
nnilaterally, the mnsele may eontribnte to lateral fiexion of 
the neek (toward the side of the aetive mnsele). 

Rhomboíds. The rhomboids (major and minor), whieh 
are not always elearly separated from eaeh other, have a 
rhomboid appearanee—that is, they form an oblique equi- 
lateral parallelogram (Figs. 6.23 and 6.28, Table 6.4). The 
rhomboids lie deep to the trapezins, and form broad paral- 
lel bands that pass inferolaterally from the vertebrae to the 
medial border of the seapnla. The thin, fiat rhomboid major 
is approximately two times wider than the thieker rhomboid 
minor lying snperior to it. 

The rhomboids retraet and rotate the seapnla, depress- 
ing its glenoid eavity (Table 6.5). They also assist the ser- 
ratns anterior in holding the seapnla against the thoraeie 



Rhomboid minor 

Rhomboid major 

Spine of scapula 


Medial 
border of 
scapula 


Nuchal ligament 

Spinous Proeesses 

C7 


Posterior view 


FIGURE6.28. Rhomboids. 
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Supraspinatus 
Levator scapulae 


Rhomboid minor 


Infraspinatus 


Rhomboid major 



(A) Posterior view 


major 


- Deltoid 

Trapezius 
Infraspinatus 


Teres minor 


i\/luscie attaehments 



Superior angle 


Supraspinatus 


Spine of scapula 


Infraspinatus 


Teres major 

Inferior angle 

(B) Posterior view 



Teres minor 


Supraspinatus 

Subscapularis 


Latissimus dorsi 


Teres major 


(C) Anterior view 



Subscapularis 


Clavicular faeet 
for aeromion 


Aeromion 



Goraeoid proeess 


Supraspinatus 


Capsule of 
shoulder joint* 

Transverse 
humeral ligament 

Tendon of long head 
of bieeps braehii 


(D) Anterior view 



*Musculotendinous 
rotator cuff 


Superior angle 


Subscapularis 


Inferior angle 


FIGIJRE 6.29. Scapulohumeral muscles. A-D. These muscles pass from the scapula to the humerus and aet on the glenohumeral joint. Not included here 
is the deltoid, featured in Figure 6.30. 


wall, and fìxing the seapnla dnring movements of the npper 
limb. The rhomboids are nsed when foreibly lowering the 
raised npper limbs (e.g., when driving a stake with a sledge 
hammer). 

To test the rhomhoids (or the fnnetion of the dorsal seap- 
nlar nerve that snpplies them), the individnal plaees his or 
her hands posteriorly on the hips, and pnshes the elbows 
posteriorly against resistanee provided by the examiner. If 
the rhomboids are aeting normally, they ean be palpated 
along the medial borders of the seapnlae; beeanse they lie 
deep to the trapezins, they are nnlikely to be visible dnring 
testing. 


Scapulohumeral (intrinsie 
Shonlder) Mnseles 

The six scapulohumeral muscles (deltoid, teres major, 
snpraspinatns, infraspinatns, snbseapnlaris, and teres minor) 
are relatively short mnseles that pass from the seapnla to the 
hnmerns and aet on the glenohnmeral joint. These mnseles 
are illnstrated in Fignres 6.23 and 6.29, and their attaehments, 
nerve snpply, and main aetions are snmmarized in Table 6.6. 

Deltoíd. The deltoid is a thiek, powerful, eoarse-tex- 
tnred mnsele eovering the shonlder and forming its ronnded 
eontonr (Figs. 6.23 and 6.30; Table 6.6). As its name indieates. 


TABLE 6.6. SCAPULOHUMERAL (INTRINSIG SHOULDER) MUSCLES 


1 Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Muscle Aetion 

Deltoid 

Lateral third of elaviele; 
aeromion and spine of 
scapula 

Deltoid tuberosity of 
humerus 

Axillary nerve (C5, C6) 

Clavicular (anterior) part: flexes and 
medially rotates arm 

Aeromial (middle) part: abducts arm 

Spinal (posterior) part: extends and 
laterally rotates arm 

Supraspinatus‘’ 

Supraspinous fossa of 
scapula 

Superiorfacet of 
greatertubercle 
of humerus 

Suprascapular nerve (C4, 

C5,C6) 

Initiates and assists deltoid in abduc- 
tion of arm and aets with rotatorcuff 
muscles^ 
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TABLE 6.6. SCAPULOHUMERAL (INTRINSIG SHOULDER) MUSCLES (Continued) 


Muscle 

Proximai Attaehment 

Distai Attaehment 

Innervation^ 

Muscie Aetion 

lnfraspinatus'’ 

lnfraspinous fossa of 
scapula 

Middle faeet of greater 
tubercle of humerus 

Suprascapular nerve 
(C5,C6) 

Laterally rotates arm; and aets with 
rotator cuff muscles^ 

Teres minor*’ 

Middle part of lateral 
border of scapula 

Inferior faeet of greater 
tubercle of humerus 

Axillary nerve (C5, C6) 

Laterally rotates arm; and aets with 
rotator cuff muscles^ 

Teres major 

Posterior surface of infe- 
rior angle of scapula 

Medial lip of inter- 
tubercular sulcus of 
humerus 

Lower subscapular nerve 
(C5,C6) 

Adducts and medially rotates arm 

Subscapuiaris‘’ 

Subscapularfossa 
(most of anterior surface 
of scapula) 

Lessertubercle of 
humerus 

LJpperand lower subscap- 
ular nerves (C5, C6, C7) 

Medially rotates arm; as partof rota- 
torcuff, helps hold head of humerus 
in glenoid eavity 


The spinal eord segmental innervation is indieated (e.g., "C5, C6" means thatthe nerves sopplying the deltoid are derived from the fifth and sixth eervieal segments 
of the spinal eord). Nombers in boldfaee (C5) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments or to the motor 
nerve roots arising from them resolts in paraiysis of the moseles eoneerned. 

‘’eolleetively, the supraspinatus, infraspinatus, teres minor, and subscapularis muscles are referred to as the rotator cuff, or SITS, muscles. Their primary function 
during all movements of the glenohumeral (shoulder) joint is to hold the humeral head in the glenoid eavity of the scapula. 


the deltoid is shaped like the inverted Greek letter delta (A). 
The mnsele is divided into nnipennate anterior and poste- 
rior parts and a mnltipennate middle part (see introdnetion, 
p. 31). The parts of the deltoid ean aet separately or as a 
whole. When all three parts of the deltoid eontraet simnl- 
taneonsly, the arm is abdneted. The anterior and posterior 
parts aet like gny ropes to steady the arm as it is abdneted. 

To initiate movement dnring the first 15° of abdnetion, 
the deltoid is assisted by the snpraspinatns (Fig. 6.29B). 
When the arm is fnlly addneted, the line of pnll of the deltoid 
eoineides with the axis of the hnmerns; thns, it pnlls direetly 
upward on the bone and eannot initiate or prodnee abdne- 
tion. It is, however, able to aet as a shnnt mnsele, resisting 
inferior displaeement of the head of the hnmerns from the 


Middle 


Clavicular 


eiaviele 



Spinal 
(posterior) 
part of 
deltoid 


Aeromion 


Clavicular 


(anterior) 
part of 
deltoid 


Aeromion 



Peetoralis 

major 



Posterior view 


Anterior view 


Middle part 
of deltoid 


Deltoid tuberosity 
(of humerus) 


Right lateral view 


FIGURE6.30. Deltoid. 


glenoid eavity, as when lifting and earrying sniteases. From 
the fnlly addneted position, abdnetion mnst be initiated by 
the snpraspinatns, or by leaning to the side, allowing gravity 
to initiate the movement. The deltoid beeomes fnlly effeetive 
as an abdnetor after the initial 15° of abdnetion. 

The anterior and posterior parts of the deltoids are nsed 
to swing the limbs dnring walking. The anterior part assists 
the peetoralis major in flexing the arm, and the posterior part 
assists the latissimns dorsi in extending the arm. The deltoid 
also helps stabilize the glenohnmeral joint and hold the head 
of the hnmerns in the glenoid eavity dnring movements of 
the npper limb. 

To test the deltoid (or the fnnetion of the axillary nerve 
that snpplies it), the arm is abdneted, starting from approxi- 
mately 15°, against resistanee (Fig. 6.31). If aeting normally, 
the deltoid ean easily be seen and palpated. The inflnenee of 
gravity is avoided when the person is snpine. 



FIGURE 6.31. Testing deltoid muscle. The examiner resists the patient’s 
abduction ofthe limb by the deltoid. Ifthe deltoid is aeting normally, 
eontraetion ofthe middle part of the muscle ean be palpated. 
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Attaehment of latissimus dorsi (cut) 
and teres major to floor and medial lip 


of intertubercular sulcus of humerus 



Teres 

major 


Latissimus 

dorsi 


Inferior 
angle of 
scapula 


FIGIJRE 6.32. Teres major. 


Teres Major. The teres major (L. teres, round) is a 
thiek, rounded mnsele passing laterally from the inferolat- 
eral third of the seapnla (Figs. 6.23, 6.29A & B, and 6.32; 
Table 6.6). The inferior border of the teres major forms the 
inferior border of the lateral part of the posterior wall of the 
axilla. The teres major addnets and medially rotates the arm. 
It ean also help extend it from the flexed position, and is an 
important stabilizer of the hnmeral head in the glenoid eav- 
ity—that is, it steadies the head in its soeket. 

To test the teres major (or the lower subseapular nerve 
that snpplies it), the abdneted arm is addneted against resis- 
tanee. If aeting normally, the mnsele ean be easily seen and 
palpated in the posterior axillary fold (Fig. 6.34). 

ROTATOR CUFF MUSCLES 

Four of the seapulohumeral muscles (intrinsie shonlder 
mnseles)—supraspinatus, infraspinatus, teres minor, and 
subscapularis the SITS mnseles) —are ealled rotator cuff 
maseles because they form a musculotendinous rotator cujf 
around the glenohnmeral joint (Figs. 6.29B & D and 6.33). 
All except the supraspinatus are rotators of the humerus; the 
supraspinatus, besides being part of the rotator cuff, initiates 
and assists the deltoid in the flrst 15° of abdnetion of the arm. 

The tendons of the SITS mnseles blend with and reinforee 
the flbrons layer of the joint eapsnle of the glenohnmeral 
joint, thus forming the rotator cuff that proteets the joint 
and gives it stability. The tonie eontraetion of the eontribnt- 
ing mnseles holds the relatively large head of the humerus 
in the small, shallow glenoid eavity of the seapnla dnring 
arm movements. The rotator cuff (SITS) muscles and their 
attaehments are illnstrated in Fignre 6.29, and their attaeh- 
ments, nerve snpply, and main aetions are listed in Table 6.6. 

Supraspínatus. The supraspinatus oeenpies the 
supraspinous fossa of the scapula (Figs. 6.5A, 6.29A & B and 
6.33A). A bursa separates it from the lateral quarter of the 
fossa. (See “Deltoid” on p. 704 for a disenssion of this mus- 
ele’s eooperative aetion in abdneting the upper limb.) 

To test the supraspinatus, abduction of the arm is attempted 
from the hilly addneted position against resistanee, while the 
mnsele is palpated snperior to the spine of the seapnla. 


Rotator 

cuff 

muscles 


Supraspinatus 


Infraspinatus 
Teres minor 


Subscapularis 


(A) Lateral oblique 
view (perpendicuiar 
to plane of scapula) 



Aeromion proeess 


Goraeoid proeess 


Glenoid eavity 
of scapula 


Supraspinatus 


Infraspinatus 
Teres minor 


Greater tubercle 


Intertubercular 

sulcus 

Subscapularis 


Left humerus 



Rotator cuff muscles 


(B) Right anteroiaterai view 

FIGITRE 6.33. Disposition of rotator cufFmuscles. A. Coming from 
opposite sides and three separate fossae on the scapulae, the four rotator 
cuff(SITS) muscles pass laterally to engulfthe head ofthe humerus. B.The 
primary eombined function of the four SITS muscles is to “grasp” and pull 
the relatively large head of the humerus medially, holding it against the 
smaller, shallovv glenoid eavity of the scapula. The tendons of the muscles 
(represented by three fìngers and the thumb) blend vvith the fìbrous layer of 
the capsule ofthe shoulder joint to form a musculotendinous rotator cuff, 
vvhieh reinforees the capsule on three sides (anteriorly, superiorly, and 
posteriorly) as it provides aetive support forthejoint. 


Infraspínatus. The infraspinatus occupies the medial 
three quarters of the infraspinous fossa (Fig. 6.5A) and is 
partly eovered by the deltoid and trapezins. In addition to 
helping stabilize the glenohnmeral joint, the infraspinatns is 
a powerful lateral rotator of the hnmerns. 

To test the infraspinatus, the person flexes the elbow and 
adducts the arm. The arm is then laterally rotated against 
resistanee. If aeting normally, the mnsele ean be palpated 
inferior to the seapnlar spine. To test the fanetion of the 
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suprascapular nerve, which supplies the supraspinatus and 
infraspinatns, both mnseles must be tested as deseribed. 

Teres Mìnor. The teres minor is a narrow, elongate 
mnsele that is eompletely hidden by the deltoid, and is often 
not elearly delineated from the infraspinatns. The teres minor 
works with the infraspinatns to rotate the arm laterally and 
assist in its addnetion. The teres minor is most elearly distin- 
gnished from the infraspinatns by its nerve snpply. The teres 
minor is snpplied by the axillary nerve, whereas the infraspi- 
natus is supplied by the supraseapular nerve (Table 6.6). 

Subscapularís. The snbseapnlaris is a thiek, triangn- 
lar mnsele that lies on the eostal snrfaee of the seapnla, and 
forms part of the posterior wall of the axilla (Figs. 6.29C & 
D and 6.33A). It erosses the anterior aspeet of the seapnlo- 
hnmeral joint on its way to the humerus. The subscapularis 
is the primary medial rotator of the arm and also addnets it. 
It joins the other rotator euff museles in holding the head of 
the humerus in the glenoid eavity dnring all movements of 
the glenohnmeral joint (i.e., it helps stabilize this joint dnring 
movements of the elbow, wrist, and hand). 

Surface Anatomy of Peetoral, 

Scapular, and Deltoìd Regions 

The elavìele is the bonndary demareating the root of the 
neek from the thorax. It also indieates the “divide” between 
the deep eervieal and axillary “lymph sheds” (like a moun- 
tain range dividing watershed areas): Lymph from struc- 
tures superior to the elavieles drain via the deep eervieal 
nodes, and lymph from struetures inferior to the elavieles, 
as far inferiorly as the umbilicus, drain via the axillary 
lymph nodes. 


The infraclavicular fossa is the depressed area just 
inferior to the lateral part of the elaviele (Fig. 6.34). This 
depression overlies the elavipeetoral (deltopeetoral) 
triangle —bonnded by the elaviele snperiorly, the peetora- 
lis major medially, and the deltoid laterally—^which may be 
evident in the fossa in lean individnals. The eephalie vein, 
aseending from the upper limb, enters the elavipeetoral tri- 
angle and pierees the elavipeetoral faseia to enter the axillary 
vein. The eoraeoid proeess of the seapnla is not subcutane- 
ous; it is eovered by the anterior border of the deltoid; how- 
ever, the tip of the proeess ean be felt on deep palpation on 
the lateral aspeet of the elavipeetoral triangle. The eoraeoid 
proeess is used as a bony landmark when performing a bra- 
ehial plexus bloek, and its position is of importanee in diag- 
nosing shonlder disloeations. 

While lifting a weight, palpate the anterior sloping border 
of the trapezins, and where its snperior fibers attaeh to the 
lateral third of the elaviele. When the arm is abdneted and 
then addneted against resistanee, the sternoeostal part of the 
peetoralis major ean be seen and palpated. If the anterior 
axillary fold bonnding the axilla is grasped between the fin- 
gers and thumb, the inferior border of the sternoeostal head 
of the peetoralis major ean be felt. Several digitations of the 
serratns anterior are visible inferior to the anterior axillary 
fold. The posterior axillaryfold is eomposed of skin and mus- 
eular tissue (latissimus dorsi and teres major) bonnding the 
axilla posteriorly. 

The lateral border of the aeromion may be followed 
posteriorly with the fingers until it ends at the aeromial 
angle (Fig. 6.35A). elinieally, the length of the arm is 
measnred from the aeromial angle to the lateral eondyle 
of the humerus. The spine of the seapnla is subeutaneous 


Deseending (superior) part of trapezius 


Sternoeleidomastoid 


Clavicular head of peetoralis major 


Clavicular part 
of deltoid 


Deltopeetoral groove 
(for eephalie vein) 


Anterior axillary fold 


Posterior axillary 
fold 



Infraclavicular fossa (overlying 
elavipeetoral triangle) 


Axillary fossa 


Sternoeostal head 
of peetoralis major 


Digitations of 
serratus anterior 


Anterìor view 


FIGIJRE 6.34. Surface anatomy of peetoral and deltoid regions. 
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(A) Posterior view 


Spine of scapula 
Aeromial angle 



Medial border 
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Deseending part of trapezius 
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(B) Posterior view 
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posterior circumflex 
humeral vessels 

Teres major 

Inferior angle of scapula 

Medial border of scapula 


Latissimus dorsi 


(C) Posterior view 


FIGIJRE 6.35. Surface anatomy of scapula and scapular region. 


throughout, and is easily palpated as it extends medially and 
slightly inferiorly from the aeromion (Fig. 6.35B). The root 
of the seapnlar spine (medial end) is loeated opposite the 
tip of the T3 spinons proeess when the arm is addneted. 
The medial horder of the seapnla may be palpated inferior 
to the root of the spine as it erosses ribs 3-7 (Fig. 6.35C). It 
may be visible in some people, espeeially thin people. The 
inferior angle of the seapnla is easily palpated and is usually 
visible. Grasp the inferior seapnlar angle with the thumb 
and fingers and move the seapnla up and down. When the 
arm is addneted, the inferior seapnlar angle is opposite the 
tip of the T7 spinons proeess and lies over the 7th rib or 
intereostal spaee. 

The greater tubercle of the humerus is the most lat- 
eral bony point in the shonlder when the arm is addneted, 
and may be felt on deep palpation throngh the deltoid infe- 
rior to the lateral border of the aeromion. When the arm 
is abdneted, observe that the greater tnberele disappears 
beneath the aeromion and is no longer palpable. The deltoid 


eovering the proximal part of the humerus forms the rounded 
museular contour of the shoulder. The borders and parts 
of the deltoid are usually visible when the arm is abdneted 
against resistanee (Fig. 6.36). Loss of the ronnded muscular 
appearanee of the shonlder, and the appearanee of a snrfaee 
depression distal to the aeromion, are eharaeteristie of a dis- 
loeated shonlder, or disloeation of the glenohnmeral joint. 
The depression resnlts from displaeement of the hnmeral 
head. The teres major is prominent when the abdneted arm 
is addneted and medially rotated against resistanee (as when 
a gymnast stabilizes or fixes the shonlder joint dnring an iron 
eross manenver on the rings). 

When the upper limbs are abducted, the scapulae move 
laterally on the thoraeie wall, enabling the rhomboids to be 
palpated. Beeanse they are deep to the trapezins, the rhom- 
boids are not always visible. If the rhomboids of one side are 
paralyzed, the seapnla on the affeeted side remains farther 
from the midline than on the normal side beeanse the para- 
lyzed mnseles are nnable to retraet it. 
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FIGIJRE 6.36. Surface anatomy of posterior axio-appendicular and scapulohumeral muscles. 


PEGTORAL, SCAPULAR, 
AND DELTOID REGIONS 

Absenee of Peetoral Mnseles 



Absenee of part of the peetoralis major, nsnally its 
stemoeostal part, is nneommon, bnt when it oeenrs, 
no disability nsnally resnlts. However, the anterior 
axillary fold, formed by the skin and faseia overlying the inferior 
border of the peetoralis major, is absent on the affeeted side, 
and the nipple is more inferior than nsnal. In Poland syndrome, 
both the peetoralis major and minor are absent; breast hypo- 
plasia and absenee of two to fonr rib segments are also seen. 


Paralysis of Serratns Anterior 

When the serratns anterior is paralyzed owing to 
injnry to the long thoraeìe nerve (Fig. 6.22), the 
medial border of the seapnla moves laterally and pos- 
teriorly away from the thoraeie wall, giving the seapnla the 
appearanee of a wing, espeeially when the person leans on a 
hand or presses the npper limb against a wall. When the arm is 



raised, the medial border and inferior angle of the seapnla pnll 
markedly away from the posterior thoraeie wall, a deformation 
known as Siivinged seapnla (Fig. B6.5). In addition, the npper 
limb may not be able to be abdneted above the horizontal posi- 
tion beeanse the serratns anterior is nnable to rotate the glenoid 




Medial border 
of scapula 


Inferior angle 
of scapula 


FIGIJRE B6.5. Rìght wìnged scapula 
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eavity superiorly to allow eomplete abduction of the limb. 
Remember, the trapezius also helps raise the arm above the 
horizontal. Althongh proteeted when the limbs are at one’s 
sides, the long thoraeie nerve is exceptional in that it eonrses on 
the snperfieial aspeet of the serratns anterior, which it snpplies. 
Thus when the limbs are elevated, as in a knife fight, the nerve 
is espeeially vnlnerable. Weapons, inelnding bnllets direeted 
toward the thorax, are a eommon sonree of injnry. 



Triangle of Ansenltation 

Near the inferior angle of the seapnla is a small trian- 
gular gap in the musculature. The superior horizontal 
border of the latissimns dorsi, the medial border of the 
seapnla, and the inferolateral border of the trapezins form a tri- 
angle of ansenltatìon (Figs. 6.23 and 6.36). This gap in the thiek 
baek musculature is a good plaee to examine posterior segments 
of the lungs with a stethoseope. When the seapnlae are drawn 
anteriorly by folding the arms aeross the ehest and the tmnk is 
fiexed, the triangle of auscultation enlarges and parts of the 6th 
and 7th ribs and 6th intereostal spaee are subcutaneous. 


Injury of Spinal Aeeessory Nerve 
(CN XI) 



The primary elinieal manifestation of spinal aeees- 
sory nerve palsy is a marked ipsilateral weakness 
when the shonlders are elevated (shmgged) against 


Posterior eord of 
braehial plexus 

Axillary nerve traversing 
quadrangular spaee with 
posterior circumflex 
humeral artery 


Radial nerve 


Lower subscapular 


nerve 


Thoraeodorsal nerve 


Llpper subscapular 


nerves 


Long thoraeie nerve 


Latissimus dorsi 



f - 


Anterior view 


FIGIJRE B6.6. Branehes of posterior eord of braehial plexus, including 
thoraeodorsal nerve. 


resistanee. Injnry of the spinal aeeessory nerve is disenssed in 
greater detail in Ghapters 8 and 9. 



Injury of Thoraeodorsal Nerve 

Snrgery in the inferior part of the axilla puts the tho- 
raeodorsal nerve (C6-C8), snpplying the latissimns 
dorsi, at risk of injnry. This nerve passes inferiorly 
along the posterior wall of the axilla, and enters the medial sur- 
faee of the latissimus dorsi elose to where it beeomes tendinous 
(Fig. B6.6). The nerve is also vnlnerable to injnry dnring mas- 
teetomies when the axillary tail of the breast is removed (see 
p. 105). The nerve is also vnlnerable dnring snrgery on seapnlar 
lymph nodes beeanse its terminal part lies anterior to them and 
the subscapular artery (Fig. B6.7). 

The latissimus dorsi and the inferior part of the peetoralis 
major form an anteroposterior muscular sling between the 
tmnk and the arm; however, the latissimns dorsi forms the 
more powerful part of the sling. With paralysis of the latis- 
simns dorsi, the person is nnable to raise the tmnk with the 
upper limbs, as occurs during elimbing. Fnrthermore, the 
person eannot use an axillary emteh beeanse the shonlder is 
pnshed snperiorly by it. These are the primary aetivities for 
which aetive depression of the seapnla is required; the passive 
depression provided by gravity is adequate for most aetivities. 


Injury to Dorsal Scapular Nerve 

Injury to the dorsal scapular nerve, the nerve to the 
rhomboids, affeets the aetions of these mnseles. If the 
rhomboids on one side are paralyzed, the seapnla on 
the affeeted side is loeated farther from the midline than that 
on the normal side. 




Injury to Axìllary Nerve 

The deltoid atrophies when the axillary nerve (C5 
and C6) is severely damaged. Beeanse it passes infe- 
rior to the hnmeral head and winds aronnd the sur- 
gieal neek of the hnmems (Fig. B6.8A), the axillary nerve is 
usually injured during fraetnre of this part of the hnmems. B 
may also be damaged dnring disloeation of the glenohnmeral 
joint, and by eompression from the ineorreet use of crutches. 
As the deltoid atrophies, the rounded eontonr of the shoul- 
der is fiattened eompared to the uninjured side. This gives 
the shoulder a fiattened appearanee and prodnees a slight 
hollow inferior to the aeromion. In addition to atrophy of the 
deltoid, a loss of sensation may occur over the lateral side of 
the proximal part of the arm, the area supplied by the supe- 
rior lateral cutaneous nerve of the arm, the cutaneous braneh 
of the axillary nerve {red in Fig. B6.8B). 

The deltoid is a eommon site for the intramuscular injee- 
tion of dmgs. The axillary nerve mns transversely under 
eover of the deltoid at the level of the snrgieal neek of the 
hnmems (Fig. B6.8A). Awareness of its loeation also avoids 
injnry to it dnring snrgieal approaehes to the shonlder. 
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FIGITRE B6.7. Nerves elosely related to walls of axìlla. 
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FIGITRE B6.8. A. Normal course ofaxillary nerve. B. Area ofanesthesia (red) following injury to axillary nerve. 
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Head of 
hunnerus 

eiavide 

Shaft of 
humerus 

Scapula 



(A) Normal epiphysis of humerus in adoleseent (arrow) 


(B) Separation of humeral epiphysis 


FIGURE B6.9. Fracture-dislocation of proximal humeral epiphysis. 



Fracture-Dislocation of Proximal 
Humeral Epiphysis 

A direet blow or indireet injnry of the shonlder of a 
ehild or adoleseent may prodnee a fraetnre- 
disloeation of the proximal hnmeral epiphysis 
beeanse the joint eapsnle of the glenohnmeral joint, reinforeed 
by the rotator enff (tendons of the SITS mnseles), is stronger 
than the epiphysial plate. In severe fraetnres, the shaft of the 
hnmems is markedly displaeed, bnt the hnmeral head retains 
its normal relationship with the glenoid eavity of the seapnla 

(Fig. B6.9B). 



Rotator Cuff Injuries 

Injnry or disease may damage the mnsenlotendi- 
nons rotator enff, prodneing instability of the gleno- 
hnmeral joint. Tranma may tear or rnptnre one or 
more of the tendons of the SITS mnseles. The snpraspinatns 
tendon is most eommonly rnptnred (Fig. B6.10). 

Degenerative tendonitis of the rotator euff is eom- 
mon, espeeially in older people. These syndromes are dis- 
enssed in detail in relationship to the glenohnmeral joint 

(p. 814). 
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eiaviele 
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FIGURE B6.10. Rotator cuff ìnjury. 
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The Bottom Lìne 


MUSCLES OF PROXIMAL UPPER LIMB 

In terms of their attaehments, the muscles of the proximal 
upper limb are axio-appendicular or scapulothoracic. 

Axìo-appendìcular moseles: The axio-appendicular 
muscles serve to position the base from which the upper limb 
will be extended and function relative to the trunk. ♦ These 
muscles eonsist of anterior, superficial posterior, and deep pos- 
terior groups. ♦ The groups work antagonistieally to elevate- 
depress and protraet-retraet the entire scapula, or rotate it to 
elevate or depress the glenoid eavity and glenohumeral joint 
(Table 6.5). ♦ These movements extend the functional range 
of movements that occur at the glenohumeral Joint. ♦ All of 
these movements involve both the elaviele and the scapula; the 
limits to all movements of the latter are imposed by the former, 
which provides the only attaehment to the axial skeleton. ♦ 
Most of these movements involve the eooperation of a number 
of muscles with different innervations. Therefore, single nerve 
injuries typieally weaken, but do not eliminate, most move- 
ments. ♦ Notable exceptions are upward rotation of the lateral 
angle ofthe scapula (superior trapezius/spinal aeeessory nerve 
only), and lateral rotation ofthe inferior angle ofthe scapula 
(inferior serratus anterior/long thoraeie nerve only). 


Scapulohunneral nnuscles: The scapulohumeral 
muscles (deltoid, teres major, and SITS muscles), along 
with eertain axioappendicular muscles, aet in opposing 
groups to position the proximal strut of the upper limb (the 
humerus), producing abduction-adduction, flexion-exten- 
sion, medial-lateral rotation, and circumduction of the 
arm. ♦ This establishes the height, distanee from the trunk, 
and direetion from which the forearm and hand will oper- 
ate. ♦ Essentially all movements produced by the scapulo- 
humeral muscles at the glenohumeral joint are aeeompanied 
by movements produced by axio-appendicular muscles at 
the sternoclavicular and scapulothoracic Joints, espeeially 
beyond the initial stages of the movement. ♦ A skilled exam- 
iner, knowledgeable in anatomy, ean manually fix or position 
the limb to isolate and test distinetive portions of speeifie 
upper limb movements. ♦ The SITS muscles contribute to 
the formation of the rotator cuff, which both rotates the 
humeral head (abducting and medially and laterally rotating 
the humerus), and holds it firmly against the shallow soeket 
of the glenoid eavity, inereasing the integrity of the glenohu- 
meral Joint capsule. 


AXILliA 

The axilla is the pyramidal spaee inferior to the glenohn- 
meral joint and snperior to the axillary faseia at the jnnetion 
of the arm and thorax (Fig. 6.37). The axilla provides a pas- 
sagevvay, or “distribntion eenter,” nsnally proteeted by the 
addneted npper limb, for the nenrovasenlar strnetnres that 
serve the npper limb. From this distribntion eenter, nenro- 
vasenlar strnetnres pass 

• Snperiorly via the cervico-axillary eanal to (or from) the 

root of the neek (Fig. 6.37A). 

• Anteriorly via the elavipeetoral triangle to the peetoral 

region (Fig. 6.37D). 

• Inferiorly and laterally into the limb itself. 

• Posteriorly via the quadrangular spaee to the seapnlar 
region. 

• Inferiorly and medially along the thoraeie wall to the infe- 
riorly plaeed axio-appendicular mnseles (serratns anterior 
and latissimns dorsi). 

The shape and size of the axilla varies, depending on the 
position of the arm; it almost disappears when the arm is fnlly 
abdneted—a position in which its eontents are vnlnerable. 
A “tiekle” reflex eanses most people to rapidly resnme the 
proteeted position when invasion threatens. 

The axilla has an apex, a base, and fonr walls (three of 
which are mnsenlar): 


• The apex of axilla is the cervico-axillary eanal, the pas- 
sageway between the neek and axilla, bonnded by the Ist 
rib, elaviele, and snperior edge of the seapnla. The arteries, 
veins, lymphaties, and nerves traverse this snperior open- 
ing of the axilla to pass to or from the arm (Fig. 6.37A). 

• The hase of axilla is formed by the eoneave skin, snbenta- 
neons tissne, and axillary (deep) faseia extending from the 
arm to the thoraeie wall (approximately the 4th rib level), 
forming the axillary fossa (armpit). The base of the axilla 
and axillary fossa are bonnded by the anterior and poste- 
rior axillary folds, the thoraeie wall, and the medial aspeet 
of the arm (Fig. 6.37C). 

• The anterior voall of axilla has two layers, formed by 
the peetoralis major and peetoralis minor and the pee- 
toral and elavieopeetoral faseia assoeiated with them 
(Figs. 6.13B and 6.37B & C). The anterior axillary fold 
is the inferiormost part of the anterior wall that may be 
grasped between the flngers; it is formed by the peetoralis 
major, as it bridges from thoraeie wall to hnmerns, and the 
overlying integnment (Fig. 6.37C & D). 

• The posterior voall of axilla is formed ehiefly by the seap- 
nla and snbseapnlaris on its anterior snrfaee and inferiorly 
by the teres major and latissimns dorsi (Fig. 6.37B & C). 
The posterior axillary fold is the inferiormost part of 
the posterior wall that may be grasped. It extends farther 
inferiorly than the anterior wall and is formed by latissi- 
mns dorsi, teres major, and overlying integnment. 
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FIGIJRE 6.37. Loeatìon, boundarìes, and eontents of axìlla. A. The axilla is a spaee inferiorto the glenohumeral joint and superiorto the skin ofthe 
axillary fossa at theJunction ofthe arm and thorax. B. Note the axilla’s three muscular walls. The small, lateral bony wall ofthe axilla is the intertubercular 
sulcus ofthe humerus. C. The eontents of the axilla and the scapular and peetoral muscles forming its posterior and anterior walls, respeetively. The inferior 
border ofthe peetoralis major forms the anterior axillary fold, and the latissimus dorsi and teres major form the posterior axillary fold. D. Superfìcial dissee- 
tion of the peetoral region. Note that the subcutaneous platysma muscle is cut short on the right side. The severed muscle is refìeeted superiorly on the left 
side, together with the supraclavicular nerves, so that the clavicular attaehments ofthe peetoralis major and deltoid ean be observed. 
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• The medial toall of axilla is formed by the thoraeie wall 
(lst-4th ribs and intereostal mnseles) and the overlying 
serratns anterior (Fig. 6.37A & B). 

• The lateral loall of axilla is a narrow bony wall formed by 
the intertuhereular suleus in the hnmerns. 

The axilla eontains axillary blood vessels (axillary artery and 
its branehes, axillary vein and its tribntaries), lymphatie ves- 
sels, and gronps of axillary lymph nodes, all embedded in a 
matrix of axillaryfat (Fig. 6.37C). The axilla also eontains large 
nerves that make up the eords and branehes of the hraehial 
plexus, a network of interjoining nerves that pass from the 
neek to the npper limb (Fig. 6.38B). Proximally, these nenro- 
vasenlar strnetnres are ensheathed in a sleeve-like extension 
of the eervieal faseia, the axillary sheath (Fig. 6.38A). 

Axillary Artery 

The axillary artery begins at the lateral border of the Ist rib 
as the eontinnation of the suhelavian artery, and ends at the 
inferior border of the teres major (Fig. 6.39). It passes pos- 
terior to the peetoralis minor into the arm, and beeomes the 
hraehial artery when it passes the inferior border of the teres 
major, at which point it nsnally has reaehed the hnmerns 


(Fig. 6.39). For deseriptive pnrposes, the axillary artery is 
divided into three parts by the peetoralis minor (the part 
nnmber also indieates the nnmber of its branehes): 

1. The fìrst part of the axillary artery is loeated between 
the lateral border of the Ist rib and the medial border 
of the peetoralis minor; it is enelosed in the axillary 
sheath and has one braneh—the snperior thoraeie artery 

(Figs. 6.38B & 6.39A; Table 6.7). 

2. The seeond part of the axillary artery lies posterior 
to peetoralis minor and has two branehes—the thoraeo- 
aeromial and lateral thoraeie arteries —which pass medial 
and lateral to the mnsele, respeetively. 

3. The third part of the axillary artery extends from the 
lateral border of peetoralis minor to the inferior border of 
teres major; it has three branehes. The suhseapular artery 
is the largest braneh of the axillary artery. Opposite the 
origin of this artery, the anterior eireumflex humeral and 
postenor eireumflex humeral arteries arise, sometimes by 
means of a eommon trnnk. 

The branehes of the axillary artery are illnstrated in Fig. 6.39, 
and their origin and eonrse are deseribed in Table 6.7. 

The snperior thoraeie artery is a small, highly variable 
vessel that arises jnst inferior to the snbelavins (Fig. 6.39A). 
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FIGIJRE 6.38. Gontents of axilla. A. Note the axillary sheath enelosing the axillary artery and vein and the three eords ofthe braehial plexus. The innerva- 
tion of the muscular vvalls ofthe axilla is also shovvn. The tendon of bieeps braehii slides vvithin the intertubercular sulcus B. Disseetion in vvhieh most of the 
peetoralis major has been removed and the elavipeetoral faseia, axillary fat, and axillary sheath have been eompletely removed. The braehial plexus of nerves 
surrounds the axillary artery on its lateral and medial aspeets (appearing here to be its superior and inferior aspeets because the limb is abducted) and on its 
posterior aspeet (not visible from this view). Figure 6.22 on p. 699 is an enlarged view of part B. 


























716 


ehapter 6 Llpper Limb 


Subclavian artery 


Suprascapular artery 
Axillary artery 


Thoraeo-aeromial artery 


Quadrangular spaee 


Circumflex fposterior 
humeral 

artery [Anterior 
Subscapular artery 


Inferior border of 
teres major muscle 

Circumflex scapular 
artery 

Aseending braneh 

Thoraeodorsal artery 

Braehial artery 

Profunda braehii 
artery (deep 
artery of arm) 


(A) Anterior view 




eervieodorsal trunk 
Inferior thyroid artery 

Thyroeervieal trunk 

Vertebral artery 

Right and left eommon 
earotid arteries 

Braehioeephalie trunk 
Areh of aorta 


Internal thoraeie artery 

Superior thoraeie artery 
(braneh of axillary artery) 


Rhomboid 

minor 


eollateral arteries 


Anastomoses 
with intereostal < 
arteries 


(B) Posterior view 



Suprascapular 

artery 

Dorsal scapular 
artery 


Levator 

scapulae 


Axillary artery 


Circumflex 
scapular 
braneh of 
subscapular 
artery 

Braehial artery 
Teres major 


Axillary artery 


Circumflex 
humeral 
artery 



Posterior 
Anterior 


Subscapular artery 


Circumflex 
scapular artery 


Deltoid braneh of 
profunda braehii artery 


Profunda braehii 
artery (deep 
artery of arm) 


Thoraeodorsal artery 


Braehial artery 



Thoraeo-aeromial artery 

EKG lead 
Subclavian artery 


eatheter 


Lateral thoraeie artery 


Internal thoraeie 
(mammary) artery 


(C) Anteroposterior view 

/ - \ 

1: First part of the axillary artery is loeated betvveen the lateral border of the 1st rib and the medial border of peetoralis minor. 

2: Seeond part of the axillary artery lies posterior to peetoralis minor. 

3: Third part of the axillary artery extends from the lateral border of peetoralis minor to the inferior border of teres major, vvhere 
it beeomes the braehial artery. 
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FIGIJRE 6.39. Arterìes of proxìmal upper lìmb. 
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TABLE 6.7. ARTERIES OF PROXIMAL UPPER LIMB (SHOULDER REGION AND ARM) 


Artery 

Origin 

Course 

Internal thoraeie 

Inferior surface of the 
first part 

> 

Anterior surface offirst 
part 

Subclavian artery 

Deseends, inelining anteromedially, posteriorto sternal end of 
elaviele and first eostal eartilage; enters thorax to deseend in 
parasternal plane; gives rise to perforating branehes, anterior 
intereostal, musculophrenic, and superior epigastrie arteries 

Thyroeetvieal trunk 

Aseends as a short, stouttrunk, giving rise to four branehes: 
suprascapular, aseending eervieal, inferiorthyroid arteries, and 
the eervieodorsal trunk 

Suprascapular 

Thyroeervieal (oras direetbraneh of sub- 
elavian artery) 

Passes inferolaterally erossing anterior sealene muscle, phrenie 
nerve, subclavian artery, and braehial plexus running laterally 
posteriorand parallelto elaviele; next it passes overtransverse 
scapular ligamentto supraspinous fossa; then lateral to scapular 
spine (deep to aeromion) to infraspinous fossa on posterior 
surface of scapula 

Superiorthoracic 

First part (as only braneh) 

Seeond part (first braneh) 

Seeond part 
(seeond braneh) 

Third part (sometimes via 
a eommon trunk) 

Third part (largest braneh 
of any part) 

\ Axillary artery 

Runs anteromedially along superior border of peetoralis minor; 
then passes betvveen itand peetoralis majorto thoraeie vvall; 
helps supply Ist and 2nd intereostal spaees and superior part of 
serratus anterior 

Thoraeo-aeromiai 

Curls around superomedial borderof peetoralis minor; pierees 
eostoeoraeoid membrane (elavipeetoral faseia); divides into four 
branehes: peetoral, deltoid, aeromial, and clavicular 

Laterai thoraeie 

Deseends along axillary border of peetoralis minor; follovvs it onto 
thoraeie vvall, supplying lateral aspeet of breast 

Circumflex humerai 
(anterior and posterior) 

Eneirele surgical neek of humerus, anastomosing vvith eaeh other 
laterally; larger posterior braneh traverses quadrangular spaee 

Subscapuiar 

Deseends from level of inferior border of subscapularis along 
lateral border of scapula, dividing vvithin 2-3 em into terminal 
branehes, the circumflex scapular and thoraeodorsal arteries 

Circumflex scapuiar 

Subscapular artery 

Curves around lateral border of scapula to enter infraspinous 
fossa, anastomosing vvith suprascapular artery 

Thoraeodorsai 

Continues course of subscapular artery, deseending vvith thoraeo- 
dorsal nerve to enter apex of latissimus dorsi 

Profunda braehii 

(deep artery of arm) 

Near its origin 

Near middle of arm 

Superiorto medial 
epieondyle of humerus 

^ Braehial artery 

Aeeompanies radial nerve along radial groove of humerus, 
supplying posterior eompartmentof arm and partieipating in peri- 
articular arterial anastomosis around elbovv joint 

Superior uinar 
eoiiaterai 

Aeeompanies ulnar nerve to posterior aspeet of elbovv; anasto- 
moses vvith posterior ulnar recurrentartery 

Inferior uinar 
eoiiaterai 

Passes anteriorto medial epieondyle of humerus to anastomose 
vvith anterior ulnar eollateral artery 


It eommonly mns inferomedially posterior to the axillary 
vein and snpplies the snbelavins, mnseles in the Ist and 2nd 
intereostal spaees, snperior slips of the serratns anterior, and 
overlying peetoral mnseles. It anastomoses with the intereos- 
tal and/or internal thoraeie arteries. 

The thoraeo-aeromial artery, a short wide tmnk, 
pierees the eostoeoraeoid membrane and divides into 
fonr branehes (aeromial, deltoid, peetoral, and elavien- 
lar), deep to the elavienlar head of the peetoralis major 

(Fig. 6.40). 

The lateral thoraeie artery has a variable origin. It 
nsnally arises as the seeond braneh of the seeond part of 


the axillary artery and deseends along the lateral border of 
the peetoralis minor, following it onto the thoraeie wall 
(Fig. 6.38B and 6.39A); however, it may arise instead from 
the thoraeo-aeromial, snpraseapnlar, or snbseapnlar arter- 
ies. The lateral thoraeie artery snpplies the peetoral, serratns 
anterior, and intereostal mnseles, the axillary lymph nodes, 
and the lateral aspeet of the breast. 

The suhscapular artery, the braneh of the axillary artery 
with the greatest diameter but shortest length deseends along 
the lateral border of the subseapularis on the posterior axil- 
lary wall. It soon terminates by dividing into the eireumflex 
scapular and thoraeodorsal arteries. 
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Peetoralis minor- 

Gephalie vein and deltoid braneh of 
thoraeo-aeromial artery 


Aeromial branehes of 
thoraeo-aeromial vein and artery 

-Thoraeo-aeromial artery 

-Lateral peetoral nerve 


Deltoid: 

Clavicular head 


Aeromial head 


Peetoral braneh 
of thoraeo-aeromial 
artery 


Medial peetoral 


nerve 


Anterior view 


Clavicular braneh of 
thoraeo-aeromial artery 


eiavipeetoral faseia 

(eostoeoraeoid membrane) 



Peetoralis major: 

Clavicular head (cut) 

Sternoeostal head 


FIGITRE 6.40. Anterior wall of axilla. The clavicular head ofthe peetoralis major is excised except for its clavicular and humeral attaehing ends and two 
cubes, which remain to identify its nerves. 


The circumflex scapular artery, often the larger ter- 
minal braneh of the snbseapnlar artery, enrves posteriorly 
aronnd the lateral border of the seapnla, passing posteriorly 
betvveen the snbseapnlaris and the teres major to snpply 
mnseles on the dorsnm of the seapnla (Fig. 6.39B). It partiei- 
pates in the anastomoses aronnd the seapnla. 

The thoraeodorsal artery eontinnes the general eonrse 
of the snbseapnlar artery to the inferior angle of the seapnla 
and snpplies adjaeent mnseles, prineipally the latissimns 
dorsi (Fig. 6.39A & C). It also partieipates in the arterial 
anastomoses aronnd the seapnla. 

The circumflex hnmeral arteries eneirele the snrgieal neek 
of the hnmerns, anastomosing with eaeh other. The smaller 
anterior circumflex humeral artery passes laterally, deep 
to the eoraeobraehialis and bieeps braehii. It gives off an 
aseending braneh that snpplies the shonlder. The larger pos- 
terior circumflex humeral artery passes medially throngh 
the posterior wall of the axilla via the quadrangular spaee 
with the axillary nerve to snpply the glenohnmeral joint and 
snrronnding mnseles (e.g., the deltoid, teres major and minor, 

and long head of the trieeps) (Fig. 6.39A & C; Table 6.7). 

Axillary Vein 

The axillary vein lies initially (distally) on the anteromedial 
side of the axillary artery, with its terminal part antero-inferior 


to the artery (Fig. 6.41). This large vein is formed by the 
nnion of the hraehial vein (the aeeompanying veins of the 
braehial artery) and the hasilie vein at the inferior border of 
the teres major. 

The axillary vein has three parts, whieh eorrespond to 
the three parts of the axillary artery. Thns the initial, distal 
end is the third part, whereas the terminal, proximal end is 
the first part. The axillary vein (first part) ends at the lat- 
eral border of the Ist rib, where it beeomes the snbelavian 
vein. The veins of the axilla are more abnndant than the 
arteries, are highly variable, and frequently anastomose. 
The axillary vein reeeives tribntaries that generally eorre- 
spond to branehes of the axillary artery with a few major 
exeeptions: 

• The veins eorresponding to the branehes of the thoraeo- 
aeromial artery do not merge to enter by a eommon tribn- 
tary; some enter independently into the axillary vein, bnt 
others empty into the eephalie vein, which then enters the 
axillary vein snperior to the peetoralis minor, elose to its 
transition into the snbelavian vein. 

• The axillary vein reeeives, direetly or indireetly, the 
thoraeo-epigastrie vein{s), which is(are) formed by the 
anastomoses of snperfieial veins from the ingninal region 
with tribntaries of the axillary vein (nsnally the lateral tho- 
raeie vein). These veins eonstitnte a eollateral ronte that 
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Axillary artery 


eephalie vein 


Subscapu- 

laris 


Bieeps 


braehii 


Basilìe vein 


Braehial artery 


Anterior View 


Aeeompanying veins 
of braehial artery 


Braehial veins 


Axillary vein 


Transverse eervieal vein 
Suprascapular veins 


Peetoralis minor 
Deltoid- 


Peetoralis major 
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FIGIJRE 6.41. Veins of cixilla. The basilie vein parallelsthe braehial arterytothe axilla, vvhere it mergesvvith the aeeompanying veins (L. venae eomìtantes) of 
the axillary artery to form the axillary vein. The large number of smaller, highly variable veins in the axilla are also tributaries ofthe axillary vein. 


enables venons retnrn in the presenee of obstrnetion of 
the inferior vena eava (see the blne box “Gollateral Rontes 
for Abdominopelvie Venons Blood” on p. 315). 

Axillary Lymph Nodes 

The fibrofatty eonneetive tissne of the axilla (axillaiy fat) eon- 
tains many lymph nodes. The axillary lymph nodes are arranged 
in five prineipal gronps: peetoral, snbseapnlar, hnmeral, een- 
tral, and apieal. The gronps are arranged in a manner that 
refieets the pyramidal shape of the axilla (Fig. 6.37A). Three 
gronps of axillary nodes are related to the triangnlar base, one 
gronp at eaeh eorner of the pyramid (Fig. 6.42A & C). 

The peetoral (anterior) nodes eonsist of three to five 
nodes that lie along the medial wall of the axilla, aronnd the 
lateral thoraeie vein and the inferior border of the peetoralis 
minor. The peetoral nodes reeeive lymph mainly from the 
anterior thoraeie wall, inelnding most of the breast (espe- 
eially the snperolateral [npper onter] quadrant and snbareo- 
lar plexus; see Ghapter 1). 

The snbseapnlar (posterior) nodes eonsist of six or 
seven nodes that lie along the posterior axillary fold and 
snbseapnlar blood vessels. These nodes reeeive lymph 


from the posterior aspeet of the thoraeie wall and seapnlar 
region. 

The hnmeral (lateral) nodes eonsist of fonr to six nodes 
that lie along the lateral wall of the axilla, medial and poste- 
rior to the axillary vein. These nodes reeeive nearly all the 
lymph from the npper limb, except that earried by the lym- 
phatie vessels aeeompanying the eephalie vein, which pri- 
marily drain direetly to the apieal axillary and infraelavienlar 
nodes. 

Efferent lymphatie vessels from these three gronps pass 
to the eentral nodes. There are three or fonr of these large 
nodes sitnated deep to the peetoralis minor near the base 
of the axilla, in assoeiation with the seeond part of the axil- 
lary artery. Efferent vessels from the eentral nodes pass to 
the apieal nodes, which are loeated at the apex of the axilla 
along the medial side of the axillary vein and the first part of 
the axillary artery. 

The apieal nodes reeeive lymph from all other gronps 
of axillary nodes as well as from lymphaties aeeompanying 
the proximal eephalie vein. Efferent vessels from the apieal 
gronp traverse the cervico-axillary eanal. 

These efferent vessels nltimately nnite to form the sub- 
elavian lympbatie trnnk, althongh some vessels may drain 
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(B) Anterior view 
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FIGIJRE 6.42. Axillary lymph nodes and lymphatie drainage of right upper limb and breast. A. Ofthe five groups of axillary lymph nodes, most lym- 
phatie vessels from the upper limb terminate in the humeral (lateral) and eentral lymph nodes, but those aeeompanying the upper part of the eephalie vein 
terminate in the apieal lymph nodes. The lymphaties of the breast are discussed in Ghapter 1 (pp. 99-101). B. Lymph passing through the axillary nodes 
enters efferent lymphatie vessels that form the subclavian lymphatie trunk, vvhieh usually empties into the junctions of the internal jugular and subclavian 
veins (the venous angles). Oeeasionally, on the right side, this trunk merges with the jugular lymphatie and/or bronehomediastinal trunks to form a short 
right lymphatie duct; usually on the left side, it enters the termination of the thoraeie duct. C. The positions of the five groups of axillary nodes, relative to 
eaeh other and the pyramidal axilla. The typieal pattern ofdrainage is indieated. 
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en ronte throngh the clavicular (infraelaviealar and 
snpraelavienlar) nodes. Onee formed, the snbelavian trnnk 
may be joined by the jngnlar and bronehomediastinal trnnks 
on the right side to form the right lymphatie dnet, or it 
may enter the right venons angle independently. On the left 
side, the snbelavian trnnk eommonly joins the thoraeie dnet 

(Fig. 6.42A&B). 

Braehial Plexus 

Most nerves in the npper limb arise from the hraehial 
plexus, a major nerve nettoork (Figs. 6.38B and 6.43) snp- 
plying the npper limb; it begins in the neek and extends into 
the axilla. Almost all branehes of the plexus arise in the axilla 
(after the plexus has erossed the Ist rib). The braehial plexus 
is formed by the nnion of the anterior rami of the last fonr 
eervieal (C5-C8) and the first thoraeie (Tl) nerves, whieh 
eonstitnte the roots of the hraehial plexus (Figs. 6.43 and 
6.44; Table 6.8). 


The roots of the plexus nsnally pass throngh the gap 
between the anterior and the middle sealene (L. sealenns 
anterior and medins) mnseles with the snbelavian artery 
(Fig. 6.45). The sympathetie fibers earried by eaeh root of 
the plexus are reeeived from the gray rami of the middle and 
inferior eervieal ganglia as the roots pass between the sealene 
mnseles. 

In the inferior part of the neek, the roots of the bra- 
ehial plexus nnite to form three trnnks (Figs. 6.43-6.46A; 
Table 6.8): 

1. A superior trunk, from the nnion ofthe C5 and C6 roots. 

2. A middle trunk, which is a eontinnation of the C7 root. 

3. An inferior trunk, from the nnion of the C8 and 
T1 roots. 

Eaeh trnnk of the braehial plexus divides into anterior 
and posterior divisions as the plexus passes throngh the 
cervico-axillary eanal posterior to the elaviele (Fig. 6.43). 

(text eontinnes on p. 724) 


Spinal sensory ganglion 
(posterior root ganglion) 

Posterior ramos 


Anterior ramus 


3 tmnks of braehial plexus —superior, middle, and inferior 



3 anterior divisions of braehial plexus —superior, middle, and inferior 


Coracoclavicular ligament 


Goraeo-aeromial ligament 


Peetoralis minor 


Radial Median Dlnar 


Axillary nerve 


nerve nerve 


nerve Musculocutaneous 

nerve 


5 main terminal branehes (peripheral nerves) 

of braehial plexus 


Anterior view 


Posterior root 
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of 
^ spinal 
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sternoclavicular joint 
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3 eords of braehial 
plexus —lateral, posterior, 
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Subscapularis 


FIGIJRE 6.43. Formation of braehial plexus. This large nerve netvvork extends from the neek to the upper limb via the cervico-axillary eanal (bound by the 
elaviele, 1 st rib, and superior scapula) to provide innervation to the upper limb and shoulder region. The braehial plexus is typieally formed by the anterior 
rami of the C5-C8 nerves and the greater part of the anterior ramus of the T1 nerve (the roots of the braehial plexus). Observe the merging and continuation 
of eertain roots ofthe plexus to three trunks^ the separation of eaeh trunk into anterior and posterior divisions^ the union of the divisions to form three eords^ 
and the derivation of the main terminal branehes {periphera!nerves) from the eords as the products of plexus formation. 
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FIGIJRE 6.44. Nerves of upper lìmb. 


TABLE 6.8. BRAGHIAL PLEXUS AND NERVES OF UPPER LIMB 


Nerve 

Origin^ 

Course 

Structures Innervated 

Supraclavicular branehes 

Dorsal scapular 

P osterior aspeet of anterior 
ramus of C5 with a frequent 
contribution from C4 

Pierees middle sealene; deseends deep to 
levatorscapulae and rhomboids 

Rhomboids; oeeasionally supplies 
levator scapulae 

Long thoraeie 

P osterior aspeet of anterior 
rami of C5, C6, C7 

Passes through cervico-axillary eanal 
(Fig. 6.14), deseending postehorto C8 
and T1 roots of plexus (anterior rami); runs 
inferiorly on superficial surface of serratus 
anterior 

Serratus anterior 

Suprascapular 

Superior trunk, reeeiving 
fibers from C5, C6 and 
often C4 

Passes laterally aeross lateral eervieal 
region (posteriortriangle of neek), superior 
to braehial plexus; then through scapular 
noteh inferiorto superior transverse scapu- 
lar ligament 

Supraspinatus and infraspinatus mus- 
eles; glenohumeral (shoulder) joint 

Subclavian nerve 

(nerve to subclavius) 

Superiortrunk, reeeiving 
fibers from C5, C6 and often 
C4 (Fig. 6.44B) 

Deseends posteriorto elaviele and anterior 
to braehial plexus and subclavian artery 
(Fig. 6.29); often giving an aeeessory root 
to phrenie nerve 

Subclavius and sternoclavicularjoint 
(aeeessory phrenie root innervates 
diaphragm) 

















































TABLE 6.8. BRAGHIAL PLEXUS AND NERVES OF UPPER LIMB (Contìnued) 


Nerve 

Origin^ 

Course 

Structures Innervated 

lnfraclavicular branehes 

Lateral peetoral 

Side braneh of lateral eord, 
reeeiving fibers from C5, 

C6,C7 

Pierees eostoeoraeoid membrane to reaeh 
deep surface of peetoral muscles; a eom- 
municating braneh to the medial peetoral 
nerve passes anteriorto axillary artery and 
vein 

Primarily peetoralis major; butsome 
lateral peetoral nerve fibers pass to 
peetoralis minorvia braneh to medial 
peetoral nerve (Fig. 6.46A) 

Musculocutaneous 

Terminal braneh of lateral 
eord, reeeiving fibers from 
C5-C7 

Exits axilla by piereing eoraeobraehialis 
(Fig. 6.43); deseends betvveen bieeps bra- 
ehii and braehialis (Figs. 6.47B and 6.48), 
supplying both; continues as lateral cuta- 
neous nerve of forearm 

Muscles of anterior eompartmentof 
arm (eoraeobraehialis, bieeps braehii 
and braehialis) (Fig. 6.46B); skin of 
lateral aspeet offorearm 

Median 

Lateral rootof median 
nerve is a terminal braneh 
of lateral eord (C6, C7) 

Medial rootof median 
nerve is a terminal braneh 
of medial eord (C8, Tl) 

Lateral and medial roots merge to form 
median nerve lateral to axillary artery; 
deseends through arm adjaeentto bra- 
ehial artery, vvith nerve gradually erossing 
anteriorto artery to lie medial to artery in 
cubital fossa (see Fig. 6.53, p. 738) 

Muscles of anteriorforearm eompart- 
ment(exceptforflexorcarpi ulnaris 
and ulnar half of flexor digitorum 
profundus), five intrinsie muscles in 
thenar half of palm and palmarskin 
(Fig. 6.46B) 

Medial peetoral 

Side branehes of medial 
eord, reeeiving fibers from 
C8,T1 

Passes betvveen axillary artery and vein; 
then pierees peetoralis minorand enters 
deep surface of peetoralis major; although 
it is ealled medial for its origin from medial 
eord, it lies lateral to lateral peetoral nerve 

Peetoralis minorand sternoeostal part 
of peetoralis major 

Medial cutaneous 
nerve of arm 

Smallestnerve of plexus; runs along medial 
side of axillary and braehial veins; commu- 
nieates vvith intereostobraehial nerve 

Skin of medial side of arm, as far dis- 
tal as medial epieondyle of humerus 
and oleeranon of ulna 

Median cutaneous 
nerve of forearm 

Initially runs vvith ulnar nerve (vvith vvhieh it 
may be confused) but pierees deep faseia 
vvith basilie vein and enters subcutaneous 
tissue, dividing into anteriorand posterior 
branehes 

Skin of medial side of forearm, as far 
distal as vvrist 

Ulnar 

Larger terminal braneh of 
medial eord, reeeiving fibers 
from C8, T1 and often C7 

Deseends medial arm; passes posterior 
to medial epieondyle of humerus; then 
deseends ulnar aspeet of forearm to hand 
(Figs. 6.46C and 6.47A) 

Flexor earpi ulnaris and ulnar half of 
flexor digitorum profundus (forearm); 
most intrinsie muscles of hand; skin of 
hand medial to axial line of digit 4 

Upper subscapular 

Side braneh of posterioreord, 
reeeiving fibers from C5 

Passes posteriorly, entering subscapularis 
direetly 

Superior portion of subscapularis 

Lower subscapular 

Side braneh of posterior eord, 
reeeiving fibers from C6 

Passes inferolaterally, deep to subscapu- 
lar artery and vein 

Inferior portion of subscapularis and 
teres major 

Thoraeodorsal 

Side braneh of posterior 
eord, reeeiving fibers from 
C6,C7,C8 

Arises betvveen upperand lovversub- 
scapular nerves and runs inferolaterally 
along posterior axillary vvall to apieal part 
of latissimus dorsi 

Latissimus dorsi 

Axillary 

Terminal braneh of posterior 
eord, reeeiving fibers from 

C5,C6 

Exits axillary fossa posteriorly, passing 
through quadrangular spaee^ vvith poste- 
rior circumflex humeral artery (Fig. 6.48); 
gives rise to superior lateral braehial cuta- 
neous nerve; then vvinds around surgical 
neekof humerus deepto deltoid (Fig. 6.46D) 

Glenohumeral (shoulder) joint; 
teres minorand deltoid muscles 
(Fig. 6.46D); skin of superolateral arm 
(over inferior part of deltoid) 

Radial 

Larger terminal braneh 
of posterior eord (largest 
braneh of plexus), reeeiving 
fibers from C5-T1 

Exits axillary fossa posteriorto axillary 
artery; passes posteriorto humerus in 
radial groove vvith deep braehial artery, 
betvveen lateral and medial heads of 
trieeps; perforates lateral intermuscular 
septum; enters cubital fossa, dividing into 
superficial (cutaneous) and deep (motor) 
radial nerves (Fig. 6.46D) 

All muscles of posterioreompartments 
of arm and forearm (Fig. 6.46D); skin 
of posterior and inferolateral arm, 
posterior forearm, and dorsum of 
hand lateral to axial line of digit 4 


^Boldfaee (C5) indieates primary eomponentof the nerve. 

‘’Boonded soperiorly by the subscapularis, head of humerus, and teres minor; inferiorly by the teres major; medially by the long head ofthe trieeps; and laterally by 
the eoraeobraehialis and surgical neek ofthe humerus (Fig. 6.48). 
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FIGIJRE 6.45. Dìsseetion of right lateral eervieal region (posterior triangle). The braehial plexus and subclavian vessels have been disseeted. The anterior 
rami of spinal nerves C5-C8 (plus T1, eoneealed here by the third part of the subclavian artery) constitute the roots of the braehial plexus. Merging and sub- 
sequent splitting of the nerve fibers eonveyed by the roots form the trunks and divisions at the level shovvn. The subclavian artery emerges betvveen the middle 
and the anterior sealene muscles vvith the roots ofthe plexus. 


Anterior divisions of the trnnks supply anterior (flexor) 
eompartments of the upper limb, and posterior divisions of 
the trnnks snpply posterior (extensor) eompartments. 

The divisions of the trnnks form three eords of the bra- 
ehial plexus (Figs. 6.43, 6.44, and 6.46, Table 6.8): 

1. Anterior divisions of the snperior and middle trnnks unite 
to form the lateral eord. 

2. Anterior division of the inferior trunk eontinnes as the 

medial eord. 

3. Posterior divisions of all three trnnks unite to form the 

posterior eord. 

The eords bear the relationship to the seeond part of the 
axillary artery that is indieated by their names. For example, 
the lateral eord is lateral to the axillary artery, althongh it may 
appear to lie snperior to the artery beeanse it is most easily 
seen when the limb is abdneted. 

The prodnets of plexus formation are mnltisegmental, 
peripheral (named) nerves. The braehial plexus is divided 
into supraclavicular and infraclavicular parts by the 
elaviele (Fig. 6.44B; Table 6.8). Four hranehes of the 


snpraelavienlar part of the plexus arise from the roots (ante- 
rior rami) and trnnks of the braehial plexus (dorsal scapular 
nerve, long thoraeie nerve, nerve to subclavius, and supra- 
scapular nerve), and are approaehable throngh the neek. In 
addition, offieially nnnamed muscular hranehes arise from 
all five roots of the plexus (anterior rami C5-T1), which sup- 
ply the sealeni and longns eolli mnseles. The C5 root of the 
phrenie nerve (eonsidered a braneh of the eervieal plexus) 
arises from the C5 plexus root, joining the C3-C4 eompo- 
nents of the nerve on the anterior snrfaee of the anterior 
sealene mnsele (Fig. 6.45). Branehes of the infraelavienlar 
part of the plexus arise from the eords of the braehial plexus 
and are approaehable throngh the axilla (Figs. 6.44B and 6.46). 
Counting side and terminal branehes, three branehes arise 
from the lateral eord, whereas the medial and posterior 
eords eaeh give rise to five branehes (eonnting the roots of 
the median nerve as individnal branehes). The branehes of 
the supraclavicular and infraelavienlar parts of the braehial 
plexus are illustrated in Figs. 6.44B and 6.46 and listed in 
Table 6.8, along with the origin, eonrse, and distribntion of 
eaeh braneh. 
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Anterior divisions of 
superior and middle trunks 
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nerve 
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of braehial plexus 


Coracobrachialis 


Spinal nerves 


Musculocutaneous nerve 
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braehial plexus 
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of braehial 
plexus 
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To peetoralis minor 


Variable braneh 


sternal head 



To 

peetoralis 


Deep braneh- 
Supf. braneh—clavicular head j 


(A) Anterior view 
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(B) Anterior view 
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FIGIJRE 6.46. Motor branehes derived from eords of braehial plexus. A. The medial and lateral peetoral nerves arise from the medial and lateral eords 
of the braehial plexus, respeetively (or from the anterior divisions of the trunks that form them, as shovvn here for the lateral peetoral nerve). B. The courses 
ofthe median and musculocutaneous nerves, and the typieal pattern of branehing oftheir motor branehes are shov\/n. 
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Medial eord of 
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(C) Anterìor view 
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Extensor earpi radialis brevis 
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(D) Posterior view 


FIGIJRE 6.46. (Continued) Motor branehes derived from eords of braehial plexus. C. The course ofthe ulnar nerve and the typieal pattern of branehing 
of its motor branehes. D. The courses ofthe axillary and radial nerves and the typieal pattern of branehing oftheir motor branehes. The posterior interosseous 
nerve is the continuation of the deep braneh ofthe radial nerve, shovvn here bifurcating into two branehes to supply all the muscles with fìeshy bellies loeated 
entirely in the posterior eompartment ofthe forearm. The dorsum ofthe hand has no fìeshy muscle fìbers; therefore, no motor nerves are distributed there. 


AXILLA 

Arterial Anastomoses Aronnd Seapnla 

Many arterial anastomoses oeenr aronnd the seapnla. 
Several vessels join to form netvvorks on the anterior 
and posterior snrfaees of the seapnla: the dorsal seap- 
nlar, snpraseapnlar, and (via the eireumflex seapnlar) snb- 
seapnlar arteries (Fig. B6.11). 

The importanee of the eollateral eirenlation made pos- 
sible by these anastomoses beeomes apparent when ligation 


of a laeerated snbelavian or axillary artery is neeessary. For 
example, the axillary artery may have to be ligated between 
the Ist rib and snbseapnlar artery; in other eases, vasenlar 
stenosis of the axillary artery may resnlt from an atherosele- 
rotie lesion that eanses redneed blood flow. In either ease, the 
direetion of blood flow in the snbseapnlar artery is reversed, 
enabling blood to reaeh the third part of the axillary artery. 

Note that the snbseapnlar artery reeeives blood throngh sev- 
eral anastomoses with the snpraseapnlar artery, dorsal seapnlar 
artery, and intereostal arteries. Sloto oeelnsion of the axillary 
artery (e.g., resnlting from disease or tranma) often enables 
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sufficient eollateral circulation to develop, preventing isehemia anastomoses) exist aronnd the shonlder joint proximally, and 

(loss of blood snpply). Sndden oeelnsion usually does not allow the elbow joint distally, snrgieal ligation of the axillary artery 

snffieient time for adequate eollateral eirenlation to develop; as between the origins of the subscapular artery and the profonda 

a resnlt, there is an inadequate snpply of blood to the arm, fore- braehii artery will eut off the blood snpply to the arm beeanse the 

arm, and hand. While potential eollateral pathways (peri-articular eollateral eirenlation is inadequate. 
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FIGURE B6.11. 
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eompression of Axillary Artery 

The axillaiy arteiy ean be palpated in the inferior part 
of the lateral wall of the axilla. Gompression of the 
third part of this arteiy against the hnmems may be 
neeessary when profnse bleeding oeenrs (e.g., resnlting from a 
stab or bnllet wound in the axilla). If eompression is reqmred at 
a more proximal site, the axillary artery ean be eompressed at 
its origin (as the snbelavian artery erosses the Ist rib) by exert- 
ing downward pressnre in the angle between the elaviele and 
the inferior attaehment of the stemoeleidomastoid mnsele. 


Lymphangitis is eharaeterized by the development of 
warm, red, tender streaks in the skin of the limb. infeetions 
in the peetoral region and breast, inelnding the snperior part 
of the abdomen, ean also prodnee enlargement of axillary 
nodes. In metastatie eaneer of the apieal gronp, the nodes 
often adhere to the axillary vein, which may neeessitate exci- 
sion of part of this vessel. Enlargement of the apieal nodes 
may obstrnet the eephalie vein snperior to the peetoralis 
minor. 


Aneurysm of Axillary Artery 

The first part of the axillary artery may enlarge {aneu- 
rysm of axillary artery) and eompress the trnnks of 
the braehial plexus, eansing pain and anesthesia (loss 
of sensation) in the areas of the skin snpplied by the affeeted 
nerves. Anenrysm of the axillary artery may oeenr in baseball 
pitehers and football quarterbacks beeanse of their rapid and 
foreefnl arm movements. 




Injuries to Axillary Vein 


Disseetion of Axillary Lymph Nodes 

Excision and pathologie analysis of axillary lymph 
nodes are often neeessary for stagìng and determin- 
ing the appropriate treatment of a eaneer, sneh as 
breast eaneer (see p. 104). Beeanse the axillary lymph nodes are 
arranged and reeeive lymph (and therefore metastatie breast 
eaneer eells) in a speeifìe order, removing and examining the 
lymph nodes in that order is important in determining the 
degree to which the eaneer has developed, and is likely to have 
metastasized. Lymphatie drainage of the npper limb may be 
impeded after the removal of the axillary nodes, resnlting in 
lymphedema, swelling as a resnlt of aeenmnlated lymph, espe- 



Wounds in the axilla often involve the axillary vein eially in the snbentaneons tissne. 


beeanse of its large size and exposed position. When 


Dnring axillary node disseetion, two nerves are at risk of 


the arm is fnlly abdneted, the axillaiy vein overlaps the injnry. Dnring snrgery, the long thoraeie nerve to the serra- 

axillaiy artery anteriorly. A wound in the proximal part of the tus anterior is identifìed and maintained against the thoraeie 

axillaiy vein is partienlarly dangerons, not only beeanse of pro- wall (Eig. B6.7, p. 711). As disenssed earlier in this ehapter, 

fnse bleeding bnt also beeanse of the risk of air entering it and entting the long thoraeie nerve resnlts in a winged seapnla 


prodneing air emholi (air bnbbles) in the blood. 


Role of Axìllary Veìn 
in Snbelavian Vein Puncture 


(Eig. B6.5 p. 709). If the thoraeodorsal nerve to the latis- 
simns dorsi is ent (Eig. B6.6, p. 710), medial rotation and 
addnetion of the arm are weakened, bnt deformity does not 
resnlt. If the nodes aronnd this nerve are obvionsly malig- 
nant, sometimes the nerve has to be saerifìeed as the nodes 



Snbelavian vein pnnetnre, in which a eatheter is are reseeted to inerease the likelihood of eomplete removal 

plaeed into the snbelavian vein, has beeome a eom- of all malignant eells. 


mon elinieal proeednre (see blne box “Snbelavian 
Vein Pnnetnre” in Ghapter 8, p. 1008). 

The axillary vein beeomes the snbelavian vein as the fìrst 
rib is erossed (Eig. 6.45). Beeanse the needle is advaneed 
medially to enter the vein as it erosses the rib, the vein aetn- 
ally pnnetnred (the point of entry) in a “snbelavian vein pnne- 
tnre” is the terminal part of the axillary vein. However, the 
needle tip proeeeds into the Inmen of the snbelavian vein 
almost immediately. Thns it is elinieally signifìeant that the 
axillary vein lies anterior and inferior (i.e., snperfìeial) to the 
axillary artery, and the parts of the braehial plexus that begin 
to snrronnd the artery at this point. 



Enlargement of Axillary Lymph Nodes 


Variations of Braehial Plexus 

Variations in the formation of the braehial plexus 
are eommon (Bergman et ak, 1988). In addition to 
the fìve anterior rami (C5-C8 and Tl) that form 
the roots of the braehial plexus, small eontribntions may be 
made by the anterior rami of C4 or T2. When the snperior- 
most root (anterior ramns) of the plexus is C4 and the infe- 
riormost root is C8, it is Siprefixedhraehialplexus. Alternately, 
when the snperior root is C6 and the inferior root is T2, it is 
a postfixed hraehial plexus. In the latter type, the inferior 
trnnk of the plexus may be eompressed by the Ist rib, pro- 
dneing nenrovasenlar symptoms in the npper limb. Variations 
may also oeenr in the formation of trnnks, divisions, and 


An infeetion in the npper limb ean eanse the axillary eords; in the origin and/or eombination of branehes; and in 

nodes to enlarge and beeome tender and infìamed, a the relationship to the axillary artery and sealene mnseles. 

eondition ealled lymphangitis (infìammation of lym- Eor example, the lateral or medial eords may reeeive fìbers 
phatie vessels). The hnmeral gronp of nodes is nsnally the fìrst from anterior rami inferior or snperior to the nsnal levels. 



to be involved. 


respeetively. 
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In some individnals, trnnk divisions or eord formations 
may be absent in one or other parts of the plexus; however, 
the makenp of the terminal branehes is nnehanged. Beeanse 
eaeh peripheral nerve is a eolleetion of nerve fibers bonnd 
together by eonneetive tissne, it is nnderstandable that the 
median nerve, for instanee, may have two medial roots 
instead of one (i.e., the nerve fibers are simply gronped dif- 
ferently). This resnlts from the fibers of the medial eord of 
the braehial plexus dividing into three branehes, two form- 
ing the median nerve and the third forming the nlnar nerve. 
Sometimes it may be more eonfnsing when the two medial 
roots are eompletely separate; however, nnderstand that 
althongh the median nerve may have two medial roots the 
eomponents of the nerve are the same (i.e., the impnlses 
arise from the same plaee and reaeh the same destination 

whether they go throngh one or two roots). 

Braehial Plexus Injuries 


ehial plexus resnlt in paralysis and anesthesia. Testing the per- 
son’s ability to perform movements assesses the degree of 
paralysis. In eomplete paralysis, no movementis deteetable. In 
ineomplete paralysis, not all mnseles are paralyzed; therefore, 
the person ean move, bnt the movements are weak eompared 
with those on the normal side. Determining the ability of the 
person to feel pain (e.g., from a pinpriek of the skin) tests the 
degree of anesthesia. 

Injnries to snperior parts of the hraehial plexus (C5 and 
C6) nsnally resnlt from an excessive inerease in the angle 
between the neek and shonlder. These injnries ean oeenr 
in a person who is thrown from a motoreyele or a horse, 
and lands on the shonlder in a way that widely separates 
the neek and shonlder (Fig. B6.12A). When thrown, the 
person’s shonlder often hits something (e.g., a tree or the 
gronnd) and stops, bnt the head and trnnk eontinne to 
move. This stretehes or rnptnres snperior parts of the bra- 
ehial plexus or avnlses (tears) the roots of the plexus from 
the spinal eord. 

Injnry to the snperior trnnk of the plexus is apparent by 
the eharaeteristie position of the limb ('Vaiter’s tip posi- 
tion”), in which the limb hangs by the side in medial rota- 
tion (Fig. B6.12B; arrow). IJpper hraehial plexus injuries ean 
also oeenr in a neonate when excessive stretehing of the neek 
oeenrs dnring delivery (Fig. B6.12C). 



Injnries to the braehial plexus affeet movements and 
entaneons sensations in the npper limb. Disease, 
stretehing, and wounds in the lateral eervieal region 
(posterior triangle) of the neek (see Chapter 8), or in the axilla 
may prodnee braehial plexus injnries. Signs and symptoms 
depend on the part of the plexus involved. Injnries to the bra- 



FIGIJRE B6.12. Injurìes to braehìal plexus. A. Note the excessive inerease in the angle between the head and left shoulder. B. The waiter’s tip position 
(left upper limb). C. Observe the excessive inerease in the angle between the head and the left shoulder during this delivery. D and E. Excessive inereases in 
the angle between the trunk and the right upper limb. F. A claw hand (person is attempting to assume lightly shaded “fist” position). 
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As a result of injnries to the snperior parts of the hra- 
ehial plexus {Erh-Duchenne palsy), paralysis of the museles 
of the shoulder and arm snpplied by the C5 and C6 spinal 
nerves oeenrs: deltoid, bieeps, and braehialis. The usual 
elinieal appearanee is an npper limb with an addneted shoul- 
der, medially rotated arm, and extended elbow. The lateral 
aspeet of the forearm also experienees some loss of sensation. 
ehronie mierotranma to the superior trnnk of the braehial 
plexus from earrying a heavy baekpaek ean prodnee motor 
and sensory defieits in the distribntion of the musculoeutane- 
ous and radial nerves. A snperior hraehial plexus injury may 
prodnee mnsele spasms and severe disability in hikers (haek- 
paekers palsy) who earry heavy baekpaeks for long periods. 

Acute hraehial plexus neuritis (hraehial plexus neuropa- 
thy) is a nenrologie disorder of unknown eanse that is ehar- 
aeterized by the sndden onset of severe pain, nsnally around 
the shonlder. Typieally, the pain begins at night and is fol- 
lowed by mnsele weakness and sometimes mnsenlar atro- 
phy (neurologic amyotrophy). Infiammation of the braehial 
plexus (hraehial neuritis) is often preeeded by some event 
(e.g., npper respiratory infeetion, vaeeination, or non-speeifie 
trauma). The nerve fibers involved are usually derived from 
the superior trnnk of the braehial plexus. 

Oompression of eords ofthe hraehial plexus may result from 
prolonged hyperabdnetion of the arm dnring performanee of 
mannal tasks over the head, sneh as painting a eeiling. The 
eords are impinged or eompressed between the eoraeoid pro- 
eess of the seapnla and the peetoralis minor tendon. Com- 
mon nenrologie symptoms are pain radiating down the arm, 
nnmbness, paresthesia (tingling), erythema (redness of the 


skin caused by eapillary dilation), and weakness of the hands. 
Compression of the axillary artery and vein causes isehemia of 
the npper limb and distension of the snperfieial veins. These 
signs and symptoms of hyperahduction syndrome result from 
eompression of the axillary vessels and nerves. 

Injnries to inferior parts of the hraehial plexus {Klumpke 
paralysis) are mneh less eommon. Inferior braehial plexus 
injnries may occur when the npper limb is snddenly pnlled 
snperiorly—for example, when a person grasps something to 
break a fall (Fig. B6.12D), or a baby’s npper limb is pnlled 
excessively dnring delivery (Fig. B6.12E). These events 
injnre the inferior trnnk of the braehial plexus (C8 and Tl), 
and may avulse the roots of the spinal nerves from the spinal 
eord. The short mnseles of the hand are affeeted, and a elaio 
hand results (Fig. B6.12F). 

Braehial Plexus Bloek 

© injeetion of an anesthetie solntion into or immedi- 

ately snrronnding the axillary sheath interrnpts eon- 
dnetion of impnlses of peripheral nerves, and 
prodnees anesthesia of the strnetnres snpplied by the branehes 
of the eords of the plexus (Fig. 6.38A). Sensation is bloeked in 
all deep stmetnres of the npper limb, and the skin distal to the 
middle of the arm. Combined with an oeelnsive tourniquet 
technique to retain the anesthetie agent, this proeednre enables 
snrgeons to operate on the npper limb without nsing a general 
anesthetie. The braehial plexus ean be anesthetized nsing a 
nnmber of approaehes, inelnding an intersealene, snpraelavien- 
lar, and axillary approaeh or bloek (Leonard et al., 1999). 


The Bottom Lìne 


AXILLA 

Axìlla: The axilla is a pyramidal, fat-filled faseial eompart- 
ment (distribution eenter) giving passage to or housing the 
major “utilities” serving (supplying, draining, and communi- 
eating with) the upper limb. ♦ Although normally proteeted 
by the arm, axillary structures are vulnerable when the arm 
is abducted. ♦ The “tiekle” reflex causes us to reeover the 
proteeted position rapidly when a threat is pereeived. ♦ The 
structures are ensheathed in a proteetive wrapping (axillary 
sheath), embedded in a cushioning matrix (axillary fat) that 
allows flexibility, and are surrounded by musculoskeletal 
walls. ♦ From the axilla, neurovascular structures pass to and 
from the entire upper limb, including the peetoral, scapular, 
and subscapular regions as well as the free upper limb. ♦ The 
axillagives passage to important vascular structures passing 
between the neek and upper limb. 

Axìllary veìn and arteiy: The axillary vein lies anterior 
and slightly inferior to the axillary artery, both being sur- 


rounded bythefaseial axillary sheath. ♦ For deseriptive pur- 
poses, the axillary artery and vein are assigned three parts 
loeated medial, posterior, and lateral to the peetoralis minor. 
Goineidentally, the first part of the artery has one braneh; the 
seeond part, two branehes; and the third part, three branehes. 

Axìllary lymph nodes: The axillary lymph nodes are 
embedded in the axillary fat external to the axillary sheath. 

♦ The axillary lymph nodes occur in groups that are arranged 
and reeeive lymph in a speeifie order, which is important in 
staging and determining appropriate treatment for breast 
eaneer. ♦ In addition to transporting blood and lymph to and 
from the upper limb, the vascular structures of the axilla also 
serve the scapular and peetoral regions and lateral thoraeie 
wall. ♦ The axillary lymph nodes reeeive lymph from the upper 
limb, as well as from the entire upper quadrant of the super- 
fieial body wall, from the level ofthe elavieles to the umbilicus 
including most from the breast. 
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Braehìal Plexus: The braehial plexus is an organized inter- 
mingling of the nerve fibers of the five adjaeent anterior rami 
(C5-T1, the roots ofthe plexus) innervating the upper limb. 

♦ Although their segmental identity is lost in forming the 
plexus, the original segmental distribution to skin (derma- 
tomes) and muscles (myotomes) remains, exhibiting a eranial 
to caudal distribution forthe skin (see “Cutaneous Innervation 
of Llpper Limb” on p. 693), and a proximal to distal distribu- 
tion forthe muscles. Forexample, C5 and C6 fibers primarily 
innervate muscles that aet at the shoulder or flex the elbow; C7 
and C8 fibers innervate muscles that extend the elbow or are 
part of the forearm; and T1 fibers innervate the intrinsie mus- 
eles of the hand. ♦ Formation of the braehial plexus initially 


involves merging of the superior and inferior pairs of roots, 
resulting in three trunks that eaeh divide into anterior and pos- 
terior divisions. ♦ The fibers traversing anterior divisions inner- 
vate flexors and pronators ofthe anterior eompartments ofthe 
limb, whereas the fibers traversing posterior divisions innervate 
extensors and supinators of the posterior eompartments of 
the limb. ♦ The six divisions merge to form three eords that 
surround the axillary artery. ♦ Two of the three eords give rise 
in turn to 5 nerves, and the third (lateral eord) gives rise to 
3 nerves. ♦ In addition to the nerves arising from the eords, 

10 more nerves arise from the various parts of the plexus. 

♦ Most nerves arising from the plexus eontain fibers from two 
or more adjaeent anterior rami. 


ARM 

The arm extends from the shonlder to the elbow. Two 
types of movement oeenr between the arm and forearm at 
the elbow joint: flexion-extension and pronation-snpina- 
tion. The mnseles performing these movements are elearly 
divided into anterior and posterior gronps, separated by 
the hnmerns and medial and lateral intermnsenlar septae 
(Fig. 6.47). The ehief aetion of both gronps is at the elbow 
joint, bnt some mnseles also aet at the glenohnmeral joint. 
The snperior part of the hnmerns provides attaehments for 
tendons of the shonlder mnseles. 

Muscles of Arm 

Of the fonr major arm mnseles, three flexors (bieeps braehii, 
braehialis, and eoraeobraehialis) are in the anterior (flexor) 
eompartment, snpplied by the mnsenloentaneons nerve, and 
one extensor (trieeps braehii) is in the posterior eompart- 
ment, snpplied by the radial nerve (Figs. 6.48 and 6.49B-D 
& F; Table 6.9). A distally plaeed assistant to the trieeps, 
the aneonens, also lies within the posterior eompartment 
(6.49G). The flexor mnseles of the anterior eompartment 
are almost twiee as strong as the extensors in all positions; 
consequently, we are better pnllers than pnshers. It shonld 
be noted, however, that the extensors of the elbow are par- 
tienlarly important for raising oneself ont of a ehair, and for 
wheelchair aetivity. Therefore, eonditioning of the trieeps is 
of partienlar importanee in elderly or disabled persons. 

The arm mnseles and their attaehments are illnstrated in 
Fignre 6.49 and their attaehments, innervation, and aetions 
are deseribed in Table 6.9. 

BIGEPS BRAGHII 

As the term bieeps braehii indieates, the proximal attaeh- 
ment of this fnsiform mnsele nsnally has two heads (hi, two 
L. caput, head). The two heads of the bieeps arise proxi- 
mally by tendinons attaehments to proeesses of the seapnla. 


their fleshy bellies nniting jnst distal to the middle of the arm 

(Fig. 6.49B). 

Approximately 10% of people have a third head to the 
bieeps. When present, the third head extends from the 
snperomedial part of the braehialis (with which it is blended), 
nsnally lying posterior to the braehial artery. In either ease, 
a single bieeps tendon forms distally and attaehes primarily 
to the radins. 

Althongh the bieeps is loeated in the anterior eompart- 
ment of the arm, it has no attaehment to the hnmerns 
(Figs. 6.47B & e and 6.49A & B). The bieeps is a “three-joint 
mnsele,” erossing and eapable of effeeting movement at the 
glenohnmeral, elbow, and radio-nlnar joints, althongh it pri- 
marily aets at the latter two. Its aetion and effeetiveness are 
markedly affeeted by the position of the elbow and forearm. 
When the elbow is extended, the bieeps is a simple flexor of 
the forearm; however, as elbow flexion approaehes 90° and 
more power is needed against resistanee, the bieeps is eapa- 
ble of two powerful movements, depending on the position 
of the forearm. When the elbow is flexed elose to 90° and the 
forearm is snpinated, the bieeps is most effieient in prodne- 
ing flexion. Alternately, when the forearm is pronated, the 
bieeps is the primary (most powerful) snpinator of the fore- 
arm. For example, it is nsed when right-handed people drive 
a screw into hard wood, and when inserting a corkscrew and 
pnlling the eork from a wine bottle. The bieeps barely oper- 
ates as a flexor when the forearm is pronated, even against 
resistanee. In the semiprone position, it is aetive only against 
resistanee (Hamill and Knntzen, 2008). 

Arising from the snpraglenoid tnberele of the seapnla, and 
erossing the head of the hnmerns within the eavity of the gle- 
nohnmeral joint, the ronnded tendon of the long head of the 
bieeps eontinnes to be snrronnded by synovial membrane 
as it deseends in the intertnberenlar snlens of the hnmerns. 
A broad band, the transverse bnmeral ligament, passes 
from the lesser to the greater tnberele of the hnmerns and 
eonverts the intertnberenlar groove into a eanal (Fig. 6.49B). 
The ligament holds the tendon of the long head of the bieeps 
in the groove. 
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FIGIJRE 6.47. Muscles, neurovascular structures, and eompartments of arm. A. In this disseetion ofthe right arm, the veins have been removed, except 
for the proximal part ofthe axillary vein. Note the courses ofthe musculocutaneous, median, and ulnar nerves and the braehial artery along the medial (pro- 
teeted) aspeet of the arm. Their courses generally parallel the medial intermuscular septum that separates the anterior and posterior eompartments in the 
distal two thirds of the arm. B. In this transverse seetion ofthe right arm, the three heads of the trieeps and the radial nerve and its eompanion vessels (in 
eontaet with the humerus) lie in the posterior eompartment. C. This transverse MRI demonstrates the features shown in part B; the numbered structures are 
identified in part B. (Courtesy of Dr. W. Kucharczyk, Professorand Neuroradiologist Senior Seientist, Department ofMedieal Resonanee Imaging, Llniversity 
Health Network, Toronto, Ontario, Ganada.) 




























ehapter 6 Llpper Limb 


733 


Peetoralis major 
Coracobrachialis 


Axillary nerve (traversing the 
quadrangular spaee with the 
posterior circumflex humeral 


Segment of lateral 
eord giving rise to 


musculocutaneous 


Peetoralis minor 
Suprascapular nerve 


Musculocutaneous nerve 


Bieeps braehii 
Braehialis 



Medial head of trieeps 
braehii and one 
of its nerves 


braehii and 
its nerve 


Anterior view 


Latissimus dorsi 
and thoraeodorsal nerve 


Posterior divisions 
of superior, middle, 
and inferior trunks 

Lateral eord 
Medial eord 

Subclavius 
Inferior trunk 


Posterior eord 


Dpper subscapular 


nerve 


Serratus anterior and 
long thoraeie nerve 


Subscapularis 


FIGIJRE 6.48. Nerves supplying medial and posterior walls of axilla, and muscles of arm. The peetoralis major and minor muscles are refleeted supero- 
laterally, and the lateral and medial eords ofthe braehial plexus are refleeted superomedially. All major vessels and the nerves arising from the medial and lat- 
eral eords of the braehial plexus (except for the musculocutaneous nerve arising from a segment of the lateral eord) are removed. The posterior eord, formed 
by the merging of the posterior divisions of all three trunks of the braehial plexus, is demonstrated. It gives rise to five peripheral nerves, four ofwhich supply 
the muscles of the posterior wall of the axilla and posterior eompartments of the upper limb. 


Distally, the major attaehment of the bieeps is to the 
radial tnberosity via the bieeps tendon. Hovvever, a triangnlar 
membranons band, the bieipital aponeurosis, rnns from 
the bieeps tendon aeross the enbital fossa, and merges with 
the antebraehial (deep) faseia eovering the flexor mnseles 
in the medial side of the forearm. It attaehes indireetly by 
means of the faseia to the snbentaneons border of the nlna. 
The proximal part of the aponenrosis ean be easily felt where 
it passes obliquely over the braehial artery and median nerve 
(Figs. 6.47A and 6.52A). The aponenrosis affords proteetion 
for these and other strnetnres in the enbital fossa. It also 
helps lessen the pressnre of the bieeps tendon on the radial 
tnberosity dnring pronation and snpination of the forearm. 

To test the hieeps hraehìì, the elbow joint is flexed against 
resistanee when the forearm is snpinated. If aeting normally, 
the mnsele forms a prominent bnlge on the anterior aspeet 
of the arm that is easily palpated. 

BRAGHIALIS 

The braehialis is a flattened fnsiform mnsele that lies pos- 
terior (deep) to the bieeps. Its distal attaehment eovers the 


anterior part of the elbow joint (Figs. 6.47, 6.48, and 6.49D; 
Table 6.9). The braehialis is the main flexor of the forearm. 
It is the only pnre flexor, prodneing the greatest amonnt of 
flexion foree. It flexes the forearm in all positions, not being 
affeeted by pronation and snpination; dnring both slow and 
quick movements; and in the presenee or absenee of resis- 
tanee. When the forearm is extended slowly, the braehialis 
steadies the movement by slowly relaxing—that is, eeeentrie 
eontraetion (yon nse it to piek up and pnt down a teaenp eare- 
fnlly, for example). The braehialis always eontraets when the 
elbow is flexed and is primarily responsible for snstaining the 
flexed position. Beeanse of its important and almost eonstant 
role, it is regarded as the workhorse of the elbow flexors. 

To test the hraehialis, the forearm is semipronated and 
flexed against resistanee. If aeting normally, the eontraeted 
mnsele ean be seen and palpated. 

eORAeOBRAGHIALIS 

The eoraeobraehialis is an elongated mnsele in the snpero- 
medial part of the arm. It is a nsefnl landmark for loeating 
other strnetnres in the arm (Figs. 6.47, 6.48, and 6.49C; 
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FIGIJRE 6.49. Muscles of arm. 


TABLE6.9. MUSCLES OF ARM 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Muscle Aetion 

Bieeps braehii 

Short head: tip of eora- 
eoid proeess of scapula 

Long head: supraglenoid 
tubercle of scapula 

Tuberosity of radius and 
faseia of forearm via 
bieipital aponeurosis 

Musculocutaneous 
nerve (C5, C6, C7) 

Supinates forearm and, when it is 
supine. flexes forearm; short head 
resists disloeation of shoulder 

Goraeobraehialis 

Tip of eoraeoid proeess 
of scapula 

Middle third of medial 
surface of humerus 

Helps flex and adduct arm; resists 
disloeation of shoulder 

Braehialis 

Distal half of anterior 
surface of humerus 

Goronoid proeess and 
tuberosity ulna 

Musculocutaneous 
nerve^ (C5, C6) and 
radial nerve (C5, C7) 

Flexes forearm in all positions 


(continued) 
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TABLE 6.9. MUSCLES OF ARM (Contìnued) 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Muscle Aetion 

Trieeps braehii 

Long head: infraglenoid 
tubercle of scapula 

Lateral head: posterior 
surface of humerus, 
superiorto radial groove 

Medial head: posterior 
surface of humerus, 
inferior to radial groove 

Proximal end of oleera- 
non of ulna and faseia of 
fo re a rm 

Radial nerve (C6, C7, 

C8) 

ehief extensor of forearm; long head 
resists disloeation of humerus; espe- 
eially importantduring adduction 

Anconeus 

Lateral epieondyle of 
humerus 

Lateral surface of olee- 
ranon and superior part 
of posterior surface of 
ulna 

Radial nerve (C7, 

C8,T1) 

Assists trieeps in extending forearm; 
stabilizes elbow joint; may abduct 
ulna during pronation 


^The spinal eord segmental innervation is indieated (e.g., "C5, C6, C7" means thatthe nerves sopplying the bieeps braehii are derived from the fifth and sixth eervieal 
segments of the spinal eord). Nombers in boldfaee (C6) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments orto the 
motor nerve roots arising from them resolts in paralysis ofthe moseles eoneerned. 

‘’Some ofthe lateral partofthe braehialis is innervated by a braneh ofthe radial nerve. 


Table 6.9). For example, the musculocutaneous nerve 
pierees it, and the distal part of its attaehment indieates the 
loeation of the nntrient foramen of the humerus. The eora- 
eobraehialis helps flex and addnet the arm and stabilize the 
glenohnmeral joint. With the deltoid and long head of the 
trieeps, it serves as dLshnnt mnsele, resisting downward dislo- 
eation of the head of the humerus, as when earrying a heavy 
snitease. The median nerve and/or the braehial artery may 
run deep to the eoraeobraehialis and be eompressed by it. 


TRIGEPS BRAGHII 

The trieeps braehii is a large fnsiform mnsele in the pos- 
terior eompartment of the arm (Figs. 6.47, 6.48, 6.49F, and 
6.50; Table 6.9). As indieated by its name, the trieeps has 
three heads: long, lateral, and medial. The trieeps is the main 
extensor of the forearm. 

Beeanse its long head erosses the glenohnmeral joint, 
the trieeps helps stabilize the addneted glenohnmeral joint 
by serving as a shunt mnsele, resisting inferior displaeement 
of the head of the humerus. The long head also aids in exten- 
sion and addnetion of the arm, but it is the least aetive head. 

The medial head is the workhorse of forearm extension, 
aetive at all speeds and in the presenee or absenee of resistanee. 

The lateral head is the strongest but is it recruited into 
aetivity primarily against resistanee (Hamill and Knntzen, 
2008). Pronation and snpination of the forearm do not affeet 
trieeps operation. Just proximal to the distal attaehment of 
the trieeps is a frietion-redneing snhtendinons oleeranon 
hnrsa, between the trieeps tendon and the oleeranon. 

To test the trieeps (or to determine the level of a radial 
nerve lesion), the arm is abdneted 90° and then the flexed 
forearm is extended against resistanee provided by the exam- 
iner. If aeting normally, the trieeps ean be seen and palpated. 
Its strength shonld be eomparable with the eontralateral 
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FIGURE 6.50. Muscles of scapular region and posterior region of arm. 

The lateral head of the trieeps braehii is divided and displaeed to shovv 
the structures traversing the cfuadrangular spaee and the radial nerve and the 
profijnda braehii artery. The exposed bone ofthe radial groove, which is 
devoid ofmuscular attaehment, separates the humeral attaehments ofthe 
lateral and medial heads ofthe trieeps. (Bony attaehments are illustrated in 
Figure 6.49E.) 
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muscle, given eonsideration for lateral dominanee (right or 
left handedness). 

ANCONEUS 

The anconeus is a small, triangnlar mnsele on the posterolat- 
eral aspeet of the elbow; it is nsnally partially blended with the 
trieeps (Fig. 6.49G; Table 6.9). The aneonens helps the tri- 
eeps extend the forearm and tenses the eapsnle of the elbow 
joint, preventing its being pinehed dnring extension. It is also 
said to abdnet the nlna dnring pronation of the forearm. 

Braehial Artery 

The braehial artery provides the main arterial snpply to the 
arm and is the eontinnation of the axillary artery (Fig. 6.51). 
It begins at the inferior border of the teres major (Figs. 6.47A 
and 6.51), and ends in the enbital fossa opposite the neek of 
the radins where, nnder eover of the bieipital aponenrosis, it 
divides into the radial and nlnar arteries (Figs. 6.51 and 6.52). 

The braehial artery, relatively snperfìeial and palpable 
thronghont its eonrse, lies anterior to the trieeps and braehialis. 
At fìrst it lies medial to the hnmerns where its pnlsations are 
palpable in the medial bieipital groove (Fig. 6.47A & B). 


An anastomosis 
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is indieated as 
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FIGIJRE 6.51. Arterial supply of arm and proximal forearm. Function- 
ally and elinieally important peri-articular arterial anastomoses surround 
the elbovv. The resulting eollateral circulation allovvs blood to reaeh the 
forearm vvhen fìexion of the elbovv eompromises fìovv through the terminal 
part of the braehial artery. 


It then passes anteríor to the medial snpra-epieondylar rídge 
and troehlea of the hnmerns (Figs. 6.51 and 6.53). 

As it passes inferolaterally, the braehial artery aeeompa- 
nies the median nerve, which erosses anterior to the artery 

(Figs. 6.47A and 6.53). Dnríng its eonrse throngh the arm, the 

braehial artery gives ríse to many nnnamed rrmsmlar hranehes, 
and the hameral natrient artery (Fig. 6.51), which aríse from 
its lateral aspeet. The nnnamed mnsenlar branehes are often 
omitted from illnstrations, bnt they are evident dnríng disseetion. 

The main named branehes of the braehial artery arísing 
from its medial aspeet are the profanda hraehii artery (deep 
artery of the arm) and the snperior and inferior nlnar eollat- 
eral arteries. The eollateral arteríes help form the peri-articu- 
lar arterial anastomoses of the elbow region (Fig. 6.51). 
Other arteríes involved are reenrrent branehes, sometimes don- 
ble, from the radial, nlnar, and interosseons arteríes, which rnn 
snperiorly anterior and posterior to the elbow joint. These 
arteries anastomose with deseending artienlar branehes of 
the deep artery of the arm and the nlnar eollateral arteries. 

PROFUNDA BRAGHIIARTERY 

The profnnda braehii artery (deep artery of the arm) is 
the largest braneh of the braehial artery and has the most 
snperíor origin. The profnnda braehii aeeompanies the radial 
nerve along the radial groove as it passes posteriorly aronnd 
the shaft of the hnmerns (Figs. 6.50 and 6.53). The profnnda 
braehii terminates by dividing into middle and radial eol- 
lateral arteries, whieh partieipate in the peri-artienlar arte- 
rial anastomoses aronnd the elbow (Fig. 6.51). 

HUMERAL NUTRIENT ARTERY 

The main hnmeral nntrient artery arises from the braehial 
artery aronnd the middle of the arm, and enters the nntrient 
eanal on the anteromedial snrfaee of the hnmerns (Fig. 6.51). 
The artery rnns distally in the eanal toward the elbow. Other 
smaller hnmeral nntrient arteries also oeenr. 

SUPERIOR ULNAR GOLLATERAL ARTERY 

The snperior ulnar eollateral artery arises from the 
medial aspeet of the braehial artery near the middle of 
the arm, and aeeompanies the nlnar nerve posterior to the 
medial epieondyle of the hnmerns (Figs. 6.47A and 6.51). 
Here it anastomoses with the posterior nlnar reenrrent artery 
and the inferior nlnar eollateral artery, partieipating in the 
peri-artienlar arterial anastomoses of the elbow. 

INFERIOR ULNAR GOLLATERAL ARTERY 

The inferior ulnar eollateral artery arises from the bra- 
ehial artery approximately 5 em proximal to the elbow erease 
(Figs. 6.47A, 6.51, and 6.52B). It then passes inferomedially 
anterior to the medial epieondyle of the hnmerns, and joins 
the peri-artienlar arterial anastomoses of the elbow region by 
anastomosing with the anterior nlnar reenrrent artery. 
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FIGITRE 6.52. Disseetions of cubital fossa. A. Superficial disseetion. B. In this deep disseetion, part ofthe bieeps is excised and the cubital fossa is 
opened vvidely by retraeting the forearm extensor muscles laterally and the flexor muscles medially. The radial nerve, vvhieh has just left the posterior eom- 
partment ofthe arm by piereingthe lateral intermuscular septum, emerges bet\A/een the braehialis and the braehioradialis and divides into a superficial (sen- 
sory) and a deep (motor) braneh (details shovvn in Figure 6.57A & B). 


Veìns of Arm 

Two sets of veins of the arm, superficial and deep, anas- 
tomose freely with eaeh other. The superficial veins are in 
the subcutaneous tissue, and the deep veins aeeompany the 
arteries. Both sets of veins have valves, but they are more 
numerous in the deep veins than in the snperfieial veins. 

SUPERFICIAL VEINS 

The two main snperfieial veins of the arm, the eephalie 
and hasilie veins (Figs. 6.47B & C and 6.52A), are deseribed 
in “Snperfieial Veins of Upper Limb” on p. 689. 

DEEP VEINS 

Paired deep veins, eolleetively eonstitnting the braehial vein, 
aeeompany the braehial artery (Fig. 6.52A). Their frequent eon- 
neetions eneompass the artery, forming an anastomotie network 
within a eommon vasenlar sheath. The pnlsations of the braehial 
artery help move the blood throngh this venons network. 

The braehial vein begins at the elbow by union of the 
aeeompanyìng veins of the nlnar and radìal arterìes, and 


ends by merging with the basilie vein to form the axillary 
vein (Figs. 6.16 and 6.41). Not nneommonly, the deep veins 
join to form one braehial vein dnring part of their eonrse. 

Nerves of Arm 

Four main nerves pass throngh the arm: median, ulnar, mus- 
culocutaneous, and radial (Fig. 6.53). Their origins from the 
braehial plexus, courses in the upper limb, and the struc- 
tures innervated by them are snmmarized in Table 6.8. The 
median and ulnar nerves snpply no branehes to the arm. 

MUSCULOCUTANEOUS NERVE 

The musculocutaneous nerve begins opposite the inferior 
border of the peetoralis minor, pierees the eoraeobraehialis, 
and eontinnes distally between the bieeps and the braehialis 
(Fig. 6.52B). After snpplying all three mnseles of the anterior 
eompartment of the arm, the musculocutaneous nerve emerges 
lateral to the bieeps as the lateral entaneons nerve of thefore- 
arm (Fig. 6.53). It beeomes truly subcutaneous when it pierees 
the deep faseia proximal to the enbital fossa to eonrse initially 
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Hunnerus 


Radial nerve and 
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FIGIJRE 6.53. Relationship of arteries and nerves of arm to humerus and eompartments of arm. The radial nerve and aeeompanying profunda braehii 
artery vvind posteriorly around, and direetly on the surface of, the humerus in the radial groove. The radial nerve and radial eollateral artery then pieree the 
lateral intermuscular septum to enter the anterior eompartment. The ulnar nerve pierees the medial intermuscular septum to enter the posterior eompart- 
ment and then lies in the groove for the ulnar nerve on the posterior aspeet of the medial epieondyle ofthe humerus. The median nerve and braehial artery 
deseend in the arm to the medial side ofthe cubital fossa, vvhere it is vvell proteeted and rarely injured. (Details are shovvn in Figures 6.50 and 6.57A & B.) 


with the eephalie vein in the snbentaneons tissne (Fig. 6.52A). 
After erossing the anterior aspeet of the elbow, it eontinnes to 
snpply the skin of the lateral aspeet of the forearm. 

RADIAL NERVE 

The radial nerve in the arm snpplies all the mnseles in 
the posterior eompartment of the arm (and forearm). The 
radial nerve enters the arm posterior to the braehial artery, 
medial to the hnmerns, and anterior to the long head of the 
trieeps, where it gives branehes to the long and medial heads 
of the trieeps (Fig. 6.48). The radial nerve then deseends 
inferolaterally with the profnnda braehii artery and passes 
aronnd the hnmeral shaft in the radial groove (Figs. 6.47B, 
6.50, and 6.53). The braneh of the radial nerve to the lateral 
head of the trieeps arises within the radial groove. When it 
reaehes the lateral border of the hnmerns, the radial nerve 


pierees the lateral intermnsenlar septnm, and eontinnes infe- 
riorly in the anterior eompartment of the arm between the 
braehialis and the braehioradialis to the level of the lateral 
epieondyle of the hnmerns (Fig. 6.52B). 

Anterior to the lateral epieondyle, the radial nerve divides 
into deep and snperfieial branehes. 

• The deep braneh of the radial nerve is entirely mnsen- 
lar and artienlar in its distribntion. 

• The snperfieial braneh of the radial nerve is entirely 
entaneons in its distribntion, snpplying sensation to the 
dorsnm of the hand and fingers. 

MEDIAN NERVE 

The median nerve in the arm rnns distally in the arm on the 
lateral side of the braehial artery nntil it reaehes the middle 
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of the arm, where it erosses to the medial side and eontaets 
the braehialis (Fig. 6.53). The median nerve then deseends 
into the enbital fossa, where it lies deep to the bieipital apo- 
nenrosis and median enbital vein (Fig. 6.52). The medìan 
nerve has no hranehes in the axilla or arm, bnt it does snpply 
artienlar branehes to the elbow joint. 

ULNAR NERVE 

The nlnar nerve in the arm passes distally from the axilla 
anterior to the insertion of the teres major and to the long 
head of the trieeps, on the medial side of the braehial artery 
(Fig. 6.47). Aronnd the middle of the arm, it pierees the 
medial intermnsenlar septnm with the snperior nlnar eollat- 
eral artery and deseends between the septnm and the medial 
head of the trieeps (Fig. 6.53). The nlnar nerve passes pos- 
terior to the medial epieondyle and medial to the oleeranon 
to enter the forearm (Fig. 6.46C). Posterior to the medial 
epieondyle, where the nlnar nerve is referred to in lay terms 
as the “fnnny bone.” The nlnar nerve is snperfieial, easily pal- 
pable, and vnlnerable to injnry. Like the median nerve, the 
nlnar nerve has no branehes in the arm, bnt it also snpplies 
artienlar branehes to the elbow joint. 

Cubìtal Fossa 

The cubital fossa is seen snperfieially as a depression on the 
anterior aspeet of the elbow (Fig. 6.55A). Deeply, it is a spaee 
filled with a variable amonnt of fat anterior to the most distal 
part of the hnmerns and the elbow joint. The three honndar- 
ies of the triangalar enhitalfossa are as follows (Fig. 6.52): 

1. Snperiorly, an imaginary line eonneeting the medial and 
lateral epieondyles. 

2. Medially, the mass of fiexor mnseles of the forearm aris- 
ing from the eommon fiexor attaehment on the medial 
epieondyle; most speeifieally, the pronator teres. 

3. Laterally, the mass of extensor mnseles of the forearm 
arising from the lateral epieondyle and snpra-epieondylar 
ridge; most speeifieally, the hraehioradialis. 

Thefloor of the enhitalfossa is formed by the braehialis and 
snpinator mnseles of the arm and forearm, respeetively. The 
roof of the enhitalfossa is formed by the eontinnity of braehial 
and antebraehial (deep) faseia reinforeed by the bieipital apo- 
nenrosis (Figs. 6.52 and 6.58), snbentaneons tissne, and skin. 
The eontents of the enhital fossa are the (Figs. 6.52 

and 6.57A): 

• Terminal part of the braehial artery and the eommenee- 
ment of its terminal branehes, the radial and nlnar arter- 
ies. The braehial artery lies between the bieeps tendon 
and the median nerve. 

• (Deep) aeeompanying veins of the arteries. 

• Bieeps braehii tendon. 

• Median nerve. 

• Radial nerve, deep between the mnseles forming lateral 
bonndary of the fossa (the braehioradialis, in partienlar) 


and the braehialis, dividing into its snperfieial and deep 
branehes. The mnseles mnst be retraeted to expose the 
nerve. 

Snperfieially, in the snbentaneons tissne overlying the 
enbital fossa are the median enhital vein, lying anterior to 
the braehial artery, and the medial and lateral eutaneous 
nerves of theforearm, related to the basilie and eephalie veins 

(Fig. 6.55). 

Surface Anatomy of Arm 
and Cubital Fossa 

The borders of the deltoid are visible when the arm is 
abdneted against resistanee. The distal attaehment of the 
deltoid ean be palpated on the lateral snrfaee of the hnmerns 

(Fig. 6.54A). 

The long, lateral, and medial heads of the trieeps hraehii 
forms bnlges on the posterior aspeet of the arm and are iden- 
tifiable when the forearm is extended from the fiexed posi- 
tion against resistanee. The oleeranon, to whieh the trieeps 
tendon attaehes distally, is easily palpated. It is separated 
from the skin by only the oleeranon hursa, which aeeonnts 
for the mobility of the overlying skin. The trieeps tendon is 
easily felt as it deseends along the posterior aspeet of the 
arm to the oleeranon. The fingers ean be pressed inward on 
eaeh side of the tendon, where the elbow joint is snperfieial. 
An abnormal eolleetion of finid in the elbow joint or in the 
suhtendinous hursa of the trieeps hraehii is palpable at these 
sites; the bnrsa lies deep to the trieeps tendon (see Figs. 6.97 
and 6.101). 

The hieeps hraehii forms a bnlge on the anterior aspeet of 
the arm; its belly beeomes more prominent when the elbow 
is fiexed and snpinated against resistanee (Fig. 6.54B). The 
hieeps hraehii tendon ean be palpated in the enbital fossa, 
immediately lateral to the midline, espeeially when the elbow 
is fiexed against resistanee. The proximal part of the hieipital 
aponenrosis ean be palpated where it passes obliquely over 
the braehial artery and median nerve. Medial and lateral 
hieipital grooves separate the bnlges formed by the bieeps 
and trieeps and indieate the loeation of the medial and lat- 
eral intermnsenlar septa (Fig. 6.54C). The eephalie vein rnns 
snperiorly in the lateral bieipital groove, and the basilie vein 
aseends in the medial bieipital groove. Deep to the latter is 
the main nenrovasenlar bnndle of the limb. 

No part of the shaft of the hnmerns is snbentaneons; how- 
ever, it ean be palpated with varying distinetness throngh the 
mnseles snrronnding it, espeeially in many elderly people. 

The head of the humems is snrronnded by mnseles on all 
sides, except inferiorly; thns it ean be palpated by pnshing 
the fingers well up into the axilla. The arm shonld be elose to 
the side so the axillary faseia is loose. The hnmeral head ean 
be palpated when the arm is moved while the inferior angle 
of the seapnla is held in plaee. 

The hraehial artery may be felt pnlsating deep to 
the medial border of the bieeps. The medial and lateral 
epieondyles of the humerus are snbentaneons and ean be 
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(C) Anterolateral view 

FIGURE 6.54. Surface anatomy of arm. 


easily palpated at the medial and lateral aspeets of the elbow. 
The medial epieondyle is more prominent. 

In the enbital fossa, the eephalie and hasilie veins in the 
snbentaneons tissne are elearly visible when a tourniquet is 
applied to the arm, as is the median enhital vein. This vein 
erosses the bieipital aponenrosis as it rnns snperomedially 
eonneeting the eephalie to the basilie vein (Fig. 6.55). 


If the thnmb is pressed into the enbital fossa, the mnsenlar 
masses of the longflexors of theforearm will be felt forming 
the medial border, the pronator teres most direetly. 

The lateral gronp offorearm extensors (a soft mass that 
ean be grasped separately), the braehioradialis (most medial) 
and the long and short extensors of the wrist, ean be grasped 
between the fossa and the lateral epieondyle. 
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FIGIJRE 6.55. Surface anatomy of cubital fossa. 


ARM AND CUBITAL FOSSA 


Bìeeps Tendinitis 



Bieipital Myotatie Reflex 

The hieeps reflex is one of several deep-tendon 
reflexes that are rontinely tested dnring physieal 
examinations. The relaxed limb is passively pro- 
nated and partially extended at the elbow. The examiner s 
thnmb is flrmly plaeed on the bieeps tendon, and the reflex 
hammer is briskly tapped at the base of the nail bed of the 
examiners thnmb (Fig. B6.13). A normal (positive) response 
is an involnntary eontraetion of the bieeps, felt as a momen- 
tarily tensed tendon, nsnally with a brief jerk-like flexion of 
the elbow. A positive response eonflrms the integrity of the 
mnsenloentaneons nerve and the C5 and C6 spinal eord seg- 
ments. Excessive, diminished, or prolonged (hnng) responses 
may indieate eentral or peripheral nervons system disease, or 
metabolie disorders (e.g., thyroid disease). 



FIGIJRE B6.13. Method of elìeìtìng bìeeps reflex. 



The tendon of the long head of the bieeps is enelosed 
by a synovial sheath, and moves baek and forth in the 
intertnberenlar snlens (bieipital groove) of the 
hnmerns (Fig. 6.49B). Wear and tear of this meehanism ean 
eanse shonlder pain. Inflammation of the tendon {hieeps ten- 
dinitis), nsnally the resnlt of repetitive mierotranma, is eom- 
mon in sports involving throwing (e.g., baseball and erieket). 


and nse of a racquet (e.g., tennis). A tight, narrow, and/or rongh 
intertnberenlar snlens may irritate and inflame the tendon, pro- 
dneing tendemess and erepitns (eraekling sonnd). 


Disloeation of Tendon of Long Head 
of Bieeps Braehii 

The tendon of the long head of the bieeps ean be par- 
tially or eompletely disloeated from the intertnberen- 
lar snlens in the hnmems. This painfnl eondition may 
oeenr in yonng persons dnring tranmatie separation 
of the proximal epiphysis of the hnmems. The injnry also oeenrs 
in older persons with a history of bieeps tendinitis. IJsnally a 
sensation of popping or eatehing is felt dnring arm rotation. 



Rnptnre of Tendon of Long Head 
of Bieeps Braehii 


Bnptnre of the tendon nsnally resnlts from wear and 
tear of an inflamed tendon as it moves baek and forth 
in the intertnberenlar snlens of the hnmerns. This 
injnry nsnally oeenrs in individnals > 35 years of age. Typieally, 
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the tendon is torn from its attaehment to the snpraglenoid 
tnberele of the seapnla (Fig. 6.5D). The rnptnre is eommonly 
dramatie and is assoeiated with a snap or pop. The detaehed 
mnsele belly forms a ball near the eenter of the distal part of the 
anterior aspeet of the arm (Popeye deformity) (Fig. B6.14). 
Rupture of the hieeps tendon may resnlt from foreefnl flexion 
of the arm against exeessive resistanee, as oeenrs in weight lift- 
ers (Anderson et al., 2000). However, the tendon rnptnres 
more often as the resnlt of prolonged tendinitis that weakens it. 
The mptnre resnlts from repetitive overhead motions, sneh as 
oeenrs in swimmers and baseball pitehers, that tear the weak- 
ened tendon in the intertnberenlar snlens. 



Distally displaeed 
belly of long head 
of bieeps braehii 


FIGIJRE B6.14. Rupture of bìeeps tendon {arrows). 

Interruption of Blood Flow 
in Braehial Artery 

Stopping bleeding throngh mannal or snrgieal eontrol 
of blood flow is ealled hemostasìs. The best plaee to 
eompress the braehial artery to eontrol hemorrhage is 
medial to the hnmerns near the middle of the arm (Fig. B6.15). 
Beeanse the arterial anastomoses aronnd the elbow provide a 
fnnetionally and snrgieally important eollateral eirenlation, the 
braehial artery may be elamped distal to the origin of the deep 
artery of the arm without prodneing tissne damage (Fig. 6.51). 
The anatomieal basis for this proeednre is that the nlnar and 
radial arteries will still reeeive snffieient blood throngh the 
anastomoses aronnd the elbow. 

Althongh eollateral pathways eonfer some proteetion 
against gradnal temporary and partial oeelnsion, sndden eom- 
plete oeelnsion or laeeration of the braehial artery ereates a 
snrgieal emergeney beeanse paralysis of mnseles resnlts from 
ìsehemìa of the elhoto andforearm within a few honrs. 

Mnseles and nerves ean tolerate up to 6 honrs of isehemia 
(Salter, 1999). After this, fibrons sear tissne replaees neerotie 
tissne and eanses the involved mnseles to shorten permanently 
prodneing a flexion deformity, the isehemie eompartment syn- 
drome (Volkmann or isehemie eontraetnre). Flexion of the 




Braehial artery 


FIGITRE B6.15. Gompressìon of braehìal artery. 


fingers and sometimes the wrist resnlts in loss of hand power 
as a resnlt of irreversible neerosis of the forearm flexor mnseles. 



Fracture of Humeral Shaft 

A midhnmeralfraetnre may injnre the radial nerve in 
the radial groove in the hnmeral shaft. When this 
nerve is damaged, the fraetnre is not likely to paralyze 
the trieeps beeanse of the high origin of the nerves to two of its 
three heads. A fraetnre of the distal part of the hnmerns, near 
the snpra-epieondylar ridges, is ealled a supra-epicondylar 
fraetnre (Fig. B6.16). The distal bone fragment may be dis- 
plaeed anteriorly or posteriorly. The aetions of the braehialis 
and trieeps tend to pnll the distal fragment over the proximal 
fragment, shortening the limb. Any of the nerves or branehes 
of the braehial vessels related to the hnmerns may be injnred 
by a displaeed bone fragment. 
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FIGIJRE B6.16. Supra-epìcondylar fracture. 
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Injury to Musculocutaneous Nerve 

Injuiy to the mnsenloentaneons nerve in the axilla 
nneommon in this proteeted position) is typieally 
inflieted by a weapon sneh as a knife. A mnsenloenta- 
neons nerve injnry resnlts in paralysis of the eoraeohraehialis, 
hieeps, and hraehialis. Weak flexion may oeenr at the 
glenohnmeral (shonlder) joint owing to the injnry of the mns- 
enloentaneons nerve affeeting the long head of the bieeps bra- 
ehii and the eoraeobraehialis. Consequently, flexion of the 
elbow joint and snpination of the forearm are greatly weak- 
ened, bnt not lost. Weak flexion and snpination are still possi- 
ble, prodneed by the braehioradialis and snpinator, respeetively, 
both of which are snpplied by the radial nerve. Loss of sensa- 
tion may oeenr on the lateral snrfaee of the forearm snpplied by 
the lateral antebraehial entaneons nerve, the eontinnation of 
the mnsenloentaneons nerve (Fig. 6.53)*. 



Injury to Radial Nerve in Arm 

Injnry to the radial nerve snperior to the origin of its 
branehes to the trieeps braehii resnlts in paralysis of 
the trieeps, hraehioradialis, snpinator, and extensor 
mnseles of the lorist andfingers. Loss of sensation in areas of 
skin snpplied by this nerve also oeenrs. 

When the nerve is injnred in the radial groove, the tri- 
eeps is nsnally not eompletely paralyzed bnt only weakened 
beeanse only the medial head is affeeted; however, the 
mnseles in the posterior eompartment of the forearm that 
are snpplied by more distal branehes of the nerve are para- 
lyzed. The eharaeteristie elinieal sign of radial nerve injnry is 
wrist-drop —inability to extend the wrist and the flngers at 



the metaearpophalangeal joints (Fig. B6.17A). Instead, the 
relaxed wrist assnmes a partly flexed position owing to nnop- 
posed tonns of flexor mnseles and gravity (Fig. B6.17B). 

Venípuiicture ìn Cubítal Fossa 

The enbital fossa is the eommon site for sampling 
and transfnsion of blood and intravenons injeetions 
beeanse of the prominenee and aeeessibility of 
veins. When the most eommon pattern of snperfleial veins is 
present, the median enbital vein is seleeted (Fig. 6.55). This 
vein lies direetly on the deep faseia, rnnning diagonally from 
the eephalie vein of the forearm to the basilie vein of the arm. 
It erosses the bieipital aponenrosis, which separates it from 
the nnderlying braehial artery and median nerve and pro- 
vides some proteetion to the latter. Historieally, dnring the 
days of bloodletting, the bieipital aponenrosis was known as 
the graee Deux (Fr., graee of God) tendon, by the graee of 
which arterial hemorrhage was nsnally avoided. A tourniquet 
is plaeed aronnd the midarm to distend the veins in the enbi- 
tal fossa. Onee the vein is pnnetnred, the tourniquet is 
removed so that when the needle is removed the vein will not 
bleed extensively. The median enbital vein is also a site for 
the introdnetion of eardiae eatheters to seenre blood samples 
from the great vessels and ehambers of the heart. These veins 
may also be nsed for eoronary angiography (see p. 154). 



Varìatìon of Veìns in Cubìtal Fossa 



The pattern of veins in the enbital fossa varies 
greatly. In approximately 20% of people, a median 
antebraehial vein (median vein of the forearm) 
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FIGUREB6.17. Wrist-drop. 


FIGURE B6.18. 
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divides into a median basilie vein, which joins the basilie 
vein of the arm. and a median eephalie vein, that joins the 
eephalie vein of the arm (Fig. B6.18). In these eases, a elear 
M formation is prodneed by the enbital veins. It is important 
to observe and remember that either the median enbital vein 
or the median basilie vein, whichever pattern is present. 


erosses snperfìeial to the braehial artery, from which it is 
separated by the bieipital aponenrosis. These veins are good 
sites for drawing blood bnt are not ideal for injeeting an irri- 
tating drng beeanse of the danger of injeeting it into the bra- 
ehial artery. In obese people, a eonsiderable amonnt of fatty 
tissne may overlie the vein. 


The Bottom Lìne 


ARM AND CUBITAL FOSSA 

Arm: The arm forms a column with the humerus at its eenter. 

♦ Theh umerus, along with intermuscular septa in its distal 
two thirds, divides the arm lengthwise (or more speeifieally, the 
spaee inside the braehial faseia) into anterior or flexor and pos- 
terior or extensor eompartments. 

The anterior eompartment eontains three flexor muscles 
supplied by the musculocutaneous nerve. ♦ The eoraeo- 
braehialis aets (weakly) at the shoulder, and the bieeps and 
braehialis aet at the elbow. ♦ The bieeps is also the primary 
supinator of the forearm (when the elbow is flexed). ♦ The 
braehialis is the primary flexor of the forearm. 

The posterior eompartment eontains a three-headed exten- 
sor muscle, the trieeps, which is supplied by the radial nerve. 

♦ One of the heads (the long head) aets at the shoulder, but 
mostly the heads work together to extend the elbow. 

Both eompartments ofthe arm are supplied by the bra- 
ehial artery, the posterior eompartment primarily via its 
major braneh, the profunda braehii artery. ♦ The primary 


neurovascular bundle is loeated on the medial side of the 
limb; thus it is usually proteeted by the limb it serves. 

Cubìtal fossa: The triangular cubital fossa is bound by 
a line eonneeting the medial and lateral epieondyles ofthe 
humerus, and the pronator teres and braehioradialis muscles 
arising, respeetively, from the epieondyles. ♦ The braehialis 
and supinator form the floor. ♦ The bieeps tendon deseends 
into the triangle to insert on the radial tuberosity. ♦ Medial to 
the tendon are the median nerve and terminal part of the bra- 
ehial artery. ♦ Lateral to the tendon is the lateral cutaneous 
nerve of the forearm superficially, and—at a deeper level—the 
terminal part of the radial nerve. ♦ In the subcutaneous tis- 
sue, most eommonly a median cubital veins runs obliquely 
aeross the fossa, eonneeting the eephalie vein of the forearm 
and basilie vein of the arm, providing an advantageous site for 
venipuncture. ♦ In about one fifth of the population, a median 
antebraehial vein bifurcates into median eephalie and median 
basilie veins, which replaee the diagonal median cubital vein. 


FOREARM 

The forearm is the distal unit of the articulated strut (exten- 
sion) of the upper limb. It extends from the elbow to the 
wrist and eontains two bones, the radins and ulna, which are 
joined by an interosseous membrane (Fig. 6.56A, B, & D). 
Althongh thin, this fìbrons membrane is strong. In addition 
to fìrmly tying the forearm bones together while permitting 
pronation and snpination, the interosseons membrane pro- 
vides the proximal attaehment for some deep forearm mus- 
eles. The head of the ulna is at the distal end of the forearm, 
whereas the head of the radins is at its proximal end. The 
role of forearm movement, oeenrring at the elbow and radio- 
ulnar joints, is to assist the shonlder in the applieation of 
foree and in eontrolling the plaeement of the hand in spaee. 

eompartments of Forearm 

As in the arm, the mnseles of similar pnrpose and innerva- 
tion are gronped within the same faseial eompartments in the 


forearm. Althongh the proximal bonndary of the forearm per 
se is defìned by the joint plane of the elbow, fnnetionally the 
forearm inelndes the distal humerus. 

For the distal forearm, wrist, and hand to have minimal 
bulk to maximize their hmetionality, they are operated by 
“remote eontrol” by extrinsic mnseles having their bulky, 
fìeshy, eontraetile parts loeated proximally in the forearm, 
distant from the site of aetion. Their long, slender tendons 
extend distally to the operative site, like long ropes reaehing 
to distant pnlleys. Fnrthermore, beeanse the structures on 
which the mnseles and tendons aet (wrist and fìngers) have 
an extensive range of motion, a long range of eontraetion 
is needed, requiring that the mnseles have long eontraetile 
parts as well as a long tendon(s). 

The forearm proper is not, in faet, long enongh to provide 
the required length and snffìeient area for attaehment proxi- 
mally, so the proximal attaehments (origins) of the mnseles 
must occur proximal to the elbow—in the arm—and pro- 
vided by the humerus. 

Generally, fìexors lie anteriorly and extensors posteriorly; 
however, the anterior and posterior aspeets of the distal 






ehapter 6 Llpper Limb 


745 



Garpal 

bones 


(A) Anteroposterior view 
of pronated forearm 


■'i 


Head of 
radius 



Anular 
ligament 


1 


Radius 


Dlna 


f 



ííf 


Interosseous 

membrane 


Head of 
ulna 


(B) Medial view 


eompartments 


Flexor-pronator 


eompartment 

Extensor-supinator 


eompartment 


Interosseous 

membrane 


Radius 


Dlna 



(D) Anterosuperior view 


Bieeps braehii 


Braehialis 


Musculocutaneous 

nerve 


Bieipital aponeurosis 
(refleeted) 


Radial artery 


Braehioradialis 


Radial artery 


Superficial braneh 
of radial nerve 


Flexor pollieis 
longus 


Abductor 
pollieis longus 

Superficial 
palmar 
braneh 



Braehialis 


Braehial artery 
Median nerve 

Medial epieondyle 
of humerus 


Outline of cubital fossa 


Pronator teres 


Flexor earpi radialis 


Palmaris longus 


Flexor earpi ulnaris 


Flexor digitorum 
superficialis (FDS) 


Median nerve 


Dlnar artery and nerve 
Pisiform 


Palmaris brevis 
Palmar aponeurosis 

Palmar digital 
arteries and nerves 


Superficial transverse 
metaearpal ligament 


(C) Anterior view—forearm supinated 


Radial artery 


Flexor - 
pollieis longus 

Pronator 
quadratus 

Palmar 
earpal braneh 

Palmar 
radioearpal 
ligament 

Superficial 
palmar braneh 



Flexor digitorum 
superficialis (FDS) 


Pronator quadratus 

Dlnar artery and nerve 

Dorsal (cutaneous) 
braneh 

Dorsal earpal braneh 

Flexor digitorum 
profundus 


Persisting median 
artery 

Median nerve 


Palmaris longus 
Flexor earpi radialis 


(E) Anterior view 


FIGIJRE 6.56. Bones, mnseles, and flexor-pronator eompartment of forearm. A. Anteroposterior (AP) radiograph of the forearm in pronation. (Cour- 
tesyofDr.J. Heslin, Toronto, Ontario, Ganada.) B. Bones ofthe forearm and radio-ulnar ligaments. C. Disseetion shovving the superficial muscles ofthe 
forearm and the palmar aponeurosis. D. Stepped transverse seetion demonstrating the eompartments of the forearm. E. The fìexor digitorum superfìcialis 
(FDS) and related structures. The ulnar artery emerges from its oblique course posterior to the FDS to meet and aeeompany the ulnar nerve. 
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humems are oecupied by the ehief flexors and extensors of 
the elbow (Fig. 6.57A). To provide the required attaehment 
sites for the flexors and extensors of the wrist and flngers, 
medial and lateral extensions (epieondyles and snpra- 
epieondylar ridges) have developed from the distal hnmerns. 

The medial epieondyle and snpra-epieondylar ridge pro- 
vide attaehment for the forearm flexors, and the lateral for- 
mations provide attaehment for the forearm extensors. Thns, 
rather than lying strietly anteriorly and posteriorly, the proxi- 
mal parts of the “anterior” (flexor-pronator) eompartment of 
the forearm lie anteromedially, andthe “posterior” (extensor- 
snpinator) eompartment lies posterolaterally (Figs. 6.56D, 

6.57B, and 6.61C). 

Spiraling gradnally over the length of the forearm, the 
eompartments beeome trnly anterior and posterior in position 
in the distal forearm and wrist. These faseial eompartments, 
eontaining the muscles in fnnetional gronps, are demareated 
by the snbentaneons border of the nlna posteriorly (in the 
proximal forearm) and then medially (distal forearm) and by 
the radial artery anteriorly and then laterally. These strne- 
tnres are palpable (the artery by its pnlsations) thronghont 
the forearm. Beeanse neither bonndary is erossed by motor 
nerves, they also provide sites for snrgieal ineision. 

The flexors and pronators of the forearm are in the 
anterior eompartment and are served mainly by the median 
nerve; the one and a half exceptions are innervated by the 
nlnar nerve. The extensors and snpinators of the fore- 
arm are in the posterior eompartment and are all served by 
the radial nerve (direetly or by its deep braneh). 

The faseial eompartments of the limbs generally end at 
the joints; therefore, flnids and infeetions in eompartments 
are nsnally eontained and eannot readily spread to other 
eompartments. The anterior eompartment is exceptional in 
this regard beeanse it eommnnieates with the eentral eom- 
partment of the palm throngh the earpal tnnnel (Fig. 6.57C). 

Muscles of Forearm 


(C) Cross seetion of carpus (wrist) 

Inferior views of transverse eross seetions, right upper limb 

FIGIJRE 6.57. Gross seetions demonstrating relationships at cubital 
fossa, proximal forearm, and wrist. A. At the level of the cubital fossa, 
the fìexors and extensor of the elbovv occupy the anterior and posterior 
aspeets ofthe humerus. Lateral and medial extensions (epieondyles and 
supra-epicondylar ridges) ofthe humerus provide proximal attaehment 
(origin) forthe forearm fìexors and extensors. B. Consequently, in the 
proximal forearm, the “anterior” fìexor-pronator eompartment actually lies 
anteromedially, and the “posterior” extensor-supinator eompartment lies 
posterolaterally. The radial artery (laterally) and the sharp, subcutaneous 
posterior border of the ulna (medially) are palpable features separating 
the anterior and posterior eompartments. No motor nerves eross either 
demareation, makingthem useful forsurgical approaehes. Ext. digit, exten- 
sor digitorum; ECU, extensor earpi ulnaris; FCR, fìexorcarpi radialis; FCU, 
fìexor earpi ulnaris; FDP, fìexor digitorum profundus; FDS, fìexor digitorum 
superfìcialis; FPL, fìexor pollieis longus; PL, palmaris longus; PT, pronator 
teres. C. At the level of the vvrist, nine tendons from three muscles (and one 
nerve) of the anterior eompartment of the forearm traverse the earpal tun- 
nel; eight of the tendons share a eommon synovial fìexor sheath. 


There are 17 muscles erossing the elbow joint, some of which 
aet on the elbow joint exclusively, whereas others aet at the 
wrist and flngers. 

In the proximal part of the forearm, the mnseles form 
fleshy masses extending inferiorly from the medial and lat- 
eral epieondyles of the humerus (Figs. 6.56C and 6.57A). The 
tendons of these mnseles pass throngh the distal part of the 
forearm and eontinne into the wrist, hand, and flngers (Figs. 
6.56C & E and 6.57C). The flexor mnseles of the anterior 
eompartment have approximately twice the bulk and strength 
of the extensor mnseles of the posterior eompartment. 

FLEXOR-PRONATOR MUSCLES OF FOREARM 

The flexor muscles of the forearm are in the anterior 
(flexor-pronator) eompartment of the forearm and are 

separated from the extensor mnseles of the forearm by the 
radins and ulna (Fig. 6.57B) and, in the distal two thirds of 
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the forearm, by the interosseous membrane that eonneets 

them (Fig. 6.56B & D). 

The tendons of most flexor mnseles are loeated on the 
anterior snrfaee of the wrist and are held in plaee by the pal- 
mar earpal ligament and theflexor retìnaculum {transverse 
earpal ligament), thiekenings of the antebraehial faseia (Figs. 

6.56C and 6.58). 

The flexor/pronator mnseles are arranged in three layers 
or gronps (Fig. 6.59; Table 6.10): 
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FIGIJRE 6.58. Faseia of distal upper limb and superficial muscles of 
forearm. 


1. A superfìcial layer or group of fonr mnseles (prona- 
tor teres, flexor earpi radialis, palmaris longns, and flexor 
earpi nlnaris). These mnseles are all attaehed proximally 
by a commonflexor tendon to the medial epieondyle of the 
hnmerns, the commonflexor attaehment. 

2. An intermediate layer, eonsisting of one mnsele (flexor 
digitornm snperfleialis). 

3. A deep layer or group of three mnseles (flexor digitornm 
profnndns, flexor pollieis longns, and pronator quadratus). 

The flve snperfleial and intermediate mnseles eross the 
elbow joint; the three deep mnseles do not. With the excep- 
tion of the pronator quadratus, the more distally plaeed a 
mnsele’s distal attaehment lies, the more distally and deeply 
plaeed is its proximal attaehment. 

All mnseles in the anterior (flexor-pronator) eompart- 
ment of the forearm are snpplied by the median and/or nlnar 
nerves (most by the median; only one and a half exceptions 
are snpplied by the nlnar). 

Fnnetionally, the braehioradialis is a flexor of the forearm, 
bnt it is loeated in the posterior (posterolateral) or extensor 
eompartment and is thns snpplied by the radial nerve. There- 
fore, the braehioradialis is a major exception to the rnle that 
(1) the radial nerve snpplies only extensor mnseles and (2) 
that all flexors lie in the anterior (flexor) eompartment. 

The long flexors of the digits (flexor digitornm snper- 
fleialis and flexor digitornm profnndns) also flex the meta- 
earpophalangeal and wrist joints. The flexor digitornm 
profnndns flexes the flngers in slow aetion; this aetion is 
reinforeed by the flexor digitornm snperfleialis when speed 
and flexion against resistanee are required. When the wrist 
is flexed at the same time that the metaearpophalangeal and 
interphalangeal joints are flexed, the long flexor mnseles of 
the flngers are operating over a shortened distanee between 
attaehments, and the aetion resnlting from their eontraetion 
is consequently weaker. Extending the wrist inereases their 
operating distanee, and thns their eontraetion is more effi- 
eient in prodneing a strong grip (Fig. 6.73A). 

Tendons of the long flexors of the digits pass throngh the 
distal part of the forearm, wrist, and palm and eontinne to the 
medial fonr fingers. The flexor digitornm snperfieialis flexes 
the middle phalanges, and the flexor digitornm profnndns 
flexes the middle and distal phalanges. 

The mnseles of the anterior eompartment of the forearm 
are illnstrated in Fignre 6.59 and their attaehments, innerva- 
tion, and main aetions are listed by layers in Table 6.10. The 
following disenssion provides additional details, beginning 
with the mnseles of the snperfieial and intermediate layers. 

Pronator Teres. The pronator teres, a fnsiform mns- 
ele, is the most lateral of the snperfieial forearm flexors. Its 
lateral border forms the medial bonndary of the enbital fossa. 

To test the pronator teres, the person’s forearm is flexed 
at the elbow and pronated from the snpine position against 
resistanee provided by the examiner. If aeting normally, 
the mnsele is prominent and ean be palpated at the medial 
margin of the enbital fossa. 
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FIGIJRE 6.59. Flexor muscles of forearm. 


TABLE 6.10. MUSCLES OF ANTERIOR GOMPARTMENT OF FOREARM 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Superficial (first) layer 

Pronatorteres 





Lllnar head 

Goronoid proeess 

Middle of convexity of 
lateral surface of radius 

Median nerve (C6, C7) 

Pronates and flexes forearm 
(atelbovv) 

Humeral head 

Medial epieondyle of 
humerus (eommon flexor 
origin) 

Flexor earpi 
radialis (FCR) 

Base of 2nd metaearpal 

Flexes and abducts hand (atvvrist) 

Palmaris longus 

Distal half of flexor reti 
-naculum and apex of 
palmaraponeurosis 

Median nerve (C7, C8) 

Flexes hand (atvvrist) and tenses 
palmar aponeurosis 

Flexor earpi 
ulnaris (FCU) 




Humeral head 

Pisiform, hook of 
hamate, 5th metaearpal 

Ulnar nerve (C7, C8) 

Flexes and adducts hand (atvvrist) 

Ulnar head 

Oleeranon and posterior 
border of ulna (via 
aponeurosis) 


(continued) 
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TABLE 6.10. MUSCLES OF ANTERIOR GOMPARTMENT OF FOREARM (Contìnued) 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Intermediate (seeond) layer 

Flexor digitorum 
superficialis (FDS) 





Humero-ulnar 

head 

Medial epieondyle 
(eommon flexor origin 
and eoronoid proeess) 

Shafts of middle phalan- 
ges of medial four digits 

Median nerve (C7, 

C8,T1) 

Flexes middle phalanges atproxi- 
mal interphalangeal joints of middle 
fourdigits; aeting more strongly, it 
also flexes proximal phalanges at 
metaearpophalangeal joints 

Radial head 

S uperior half of anterior 
border 

Deep (third) layer 

Flexor digitorum 
profundus (FDP) 





Medial part 

Proximal three quarters 
of medial and anterior 
surfaces of ulna and 
interosseous mem- 
brane 

Bases of distal phalanges 
of 4th and 5th digits 

Ulnar nerve (C8, Tl) 

Flexes distal phalanges 4 and 5 at 
distal interphalangeal joints 

Lateral part 

Bases of distal phalanges 
of 2nd and 3rd digits 

Anterior interosseous 
nerve, from median 
nerve (C8, Tl) 

Flexes distal phalanges 2 and 3 at 
distal interphalangeal joints 

Flexor pollieis 
longus (FPL) 

Anterior surface of 
radius and adjaeent 
interosseous mem- 
brane 

Base of distal phalanx of 
thumb 

Flexes phalanges of Istdigit 
(thumb) 

Pronator 

quadratus 

Distal quarter of ante- 
rior surface of ulna 

Distal quarter of anterior 
surface of radius 

Pronates forearm; deepfibers bind 
radius and ulna together 


^The spinal eord segmental innervation is indieated (e.g., "C6, C7''means thatthe nerves sopplying the pronatorteres are derived from the sixth and seventh eervieal 
segments of the spinal eord). Nombers in boldfaee (C7) indieate the main segmental innervation. Damage to one or more of the listed spinal eord segments orto the 
motor nerve roots arising from them resolts in paralysis ofthe moseles eoneerned. 


Flexor Carpí Radíalís. The flexor earpi radialis 

(FCR) is a long fnsiform mnsele loeated medial to the pro- 
nator teres. In the middle of the forearm, its fleshy belly is 
replaeed by a long, flattened tendon that beeomes eord-like 
as it approaehes the wrist. The FCR prodnees flexion (when 
aeting with the flexor earpi nlnaris) and abdnetion of the wrist 
(when aeting with the extensors earpi radialis longns and bre- 
vis). When aeting alone, the FCR prodnees a eombination of 
flexion and abdnetion simnltaneonsly at the wrist so that the 
hand moves anterolaterally. 

To reaeh its distal attaehment, the FCR tendon passes 
throngh a eanal in the lateral part of the flexor retinaenlnm, 
and throngh a vertieal groove in the trapezinm in its own 
synovial tendinous sheath of the flexor earpi radialis 

(Fig. 6.57C). The FCR tendon is a good gnide to the radial 
artery, whieh lies jnst lateral to it (Fig. 6.56C). 

To test theflexor earpì radialis, the person is asked to flex 
their wrist against resistanee. If aeting normally, its tendon 
ean be easily seen and palpated. 

Palmarís Longus. The palmaris longns, a small fnsi- 
form mnsele, is absent on one or both sides (nsnally the left) in 
approximately 14% of people, bnt its aetions are not missed. 
R has a short belly and a long, eord-like tendon that passes 
snperfleial to the flexor retinaenlnm and attaehes to it and the 
apex of the palmar aponenrosis (Figs. 6.56C and 6.58). The 


palmaris longns tendon is a nsefnl gnide to the median nerve 
at the wrist. The tendon lies deep and slightly medial to this 
nerve before it passes deep to the flexor retinaenlnm. 

To test the palmaris longas, the wrist is flexed and the pads 
of the little flnger and thnmb are tightly pinehed together. If 
present and aeting normally, the tendon ean be easily seen 
and palpated. 

Flexor Carpì IJInarís. The flexor earpi ulnaris (FCU) 

is the most medial of the snperfleial flexor mnseles. The FCU 
simnltaneonsly flexes and addnets the hand at the wrist if 
aeting alone. It flexes the wrist when it aets with the FCR 
and addnets it when aeting with the extensor earpi nlnaris. 
The nlnar nerve enters the forearm by passing between the 
hnmeral and the nlnar heads of its proximal attaehment (Fig. 
6.56C). This mnsele is exeeptional among mnseles of the ante- 
rior eompartment, being fnlly innervated by the nlnar nerve. 
The tendon of the FCU is a gnide to the nlnar nerve and artery, 
which are on its lateral side at the wrist (Fig. 6.56C & E). 

To test theflexor earpi nlnaris, the person pnts the poste- 
rior aspeet of the forearm and hand on a flat table, and is then 
asked to flex the wrist against resistanee while the examiner 
palpates the mnsele and its tendon. 

Flexor Dígítorum Superficialís. The flexor digi- 
torum superficialis (FDS) is sometimes eonsidered one 
of the snperfleial mnseles of the forearm, which attaeh to 
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the eommon flexor origin and therefore eross the elbow 
(Table 6.10). When eonsidered this way, it is the largest snperfl- 
eial mnsele in the forearm. However, the FDS aetnally forms an 
intermediate layer between the snperfleial and the deep gronps 
of forearm mnseles (Figs. 6.56C and 6.57B). The median 
nerve and nlnar artery enter the forearm by passing between 
its hnmero-nlnar and radial heads (Fig. 6.59A & C). Near the 
wrist, the FDS gives rise to fonr tendons, which pass deep to 
the flexor retinaenlnm throngh the earpal tnnnel to the flngers. 
The fonr tendons are enelosed (along with the fonr tendons of 
the flexor digitornm profnndns) in a synovial eommon flexor 
sheath (Fig. 6.57C). The FDS flexes the middle phalanges of 
the medial fonr flngers at the proximal interphalangeal joints. 
In eontinned aetion, the FDS also flexes the proximal phalan- 
ges at the metaearpophalangeal joints and the wrist joint. The 
FDS is eapable of flexing eaeh flnger it serves independently. 

To test the flexor digitornm snperfieialis, one flnger is 
flexed at the proximal interphalangeal joint against resistanee 
and the other three flngers are held in an extended position 
to inaetivate the flexor digitornm profnndns. 

The faseial plane between the intermediate and deep lay- 
ers of mnseles makes up the primary neurovascular plane of 
the anterior (flexor-pronator) eompartment; the main neuro- 
vascular bundles exclusive to this eompartment course within 
it. The following three mnseles form the deep layer of fore- 
arm flexor mnseles. 

Flexor Dígítorum Profundus. The flexor digitorum 

profundus (FDP) is the only muscle that ean flex the distal 
interphalangeal joints of the flngers (Fig. 6.59A & E). This 
thiek muscle “elothes” the anterior aspeet of the ulna. The 
FDP flexes the distal phalanges of the medial four flngers 
after the FDS has flexed their middle phalanges (i.e., it curls 
the flngers and assists with flexion of the hand, making a flst). 
Eaeh tendon is eapable of flexing two interphalangeal joints, 
the metaearpophalangeal joint and the wrist joint. The FDP 
divides into four parts, which end in four tendons that pass 
posterior to the FDS tendons and the flexor retinaculum 
within the eommon flexor sheath (Fig. 6.57C). The part of the 
muscle going to the index flnger usually separates from the 
rest of the muscle relatively early in the distal part of the fore- 
arm and is eapable of independent eontraetion. Eaeh tendon 
enters the flbrons sheath of its digit, posterior to the FDS ten- 
dons. Unlike the FDS, the FDP ean flex only the index flnger 
independently; thus the flngers ean be independently flexed 
at the proximal but not the distal interphalangeal joints. 

To test theflexor digitoram profandns, the proximal inter- 
phalangeal joint is held in the extended position while the 
person attempts to flex the distal interphalangeal joint. The 
integrity of the median nerve in the proximal forearm ean be 
tested by performing this test using the index flnger, and that 
of the ulnar nerve ean be assessed by using the little flnger. 

Flexor Pollìeís Longus. The flexor pollieis longus 
(FPL), the long flexor of the thumb (L. pollex, thumb), 
lies lateral to the FDP, where it elothes the anterior aspeet 
of the radius distal to the attaehment of the snpinator 

(Figs. 6.56C & E and 6.59A & D; Table 6.10). The flat FPL 


tendon passes deep to the flexor retinaculum, enveloped 
in its own synovial tendinous sheath of the flexor pol- 
lieis longus on the lateral side of the eommon flexor sheath 
(Fig. 6.57C). The FPL primarily flexes the distal phalanx of 
the thumb at the interphalangeal joint and, seeondarily, the 
proximal phalanx and Ist metaearpal at the metaearpopha- 
langeal and earpometaearpal joints, respeetively. The FPL 
is the only muscle that flexes the interphalangeal joint of the 
thumb. It also may assist in flexion of the wrist joint. 

To test the flexor pollieis longns, the proximal phalanx 
of the thumb is held and the distal phalanx is flexed against 
resistanee. 

Pronator Quadratus. The pronator quadratus (P^), 

as its name indieates, is quadrangular and pronates the fore- 
arm (Fig. 6.59E). It eannot be palpated or observed, except 
in disseetions, beeanse it is the deepest muscle in the anterior 
aspeet of the forearm. Sometimes it is eonsidered to eonsti- 
tute a fourth muscle layer. The PQ elothes the distal fourth of 
the radius and ulna and the interosseons membrane between 
them (Fig. 6.59A & E; Table 6.10). The PQ is the only mus- 
ele that attaehes only to the ulna at one end and only to the 
radius at the other end. 

The PQ is the prime mover for pronation. The muscle 
initiates pronation, and is assisted by the PT when more 
speed and power are needed. The pronator quadratus also 
helps the interosseous membrane hold the radius and ulna 
together, partienlarly when upward thrusts are transmitted 
throngh the wrist (e.g., during a fall on the hand). 

EXTENSOR MUSCLES OF FOREARM 

The mnseles of the posterior eompartment of the forearm are 
illnstrated in Figure 6.60 and their attaehments, innervation, 
and main aetions of the are provided by layer in Table 6.11. 
The following disenssion provides additional details. 

The extensor muscles are in the posterior (extensor- 
snpinator) eompartment of the forearm, and all are 
innervated by branehes of the radial nerve (Fig. 6.57B). 
These mnseles ean be organized physiologieally into three 
hmetional groups: 

1. Muscles that extend and abduct or adduct the hand at the 
wrist joint (extensor earpi radialis longus, extensor earpi 
radialis brevis, and extensor earpi nlnaris). 

2. Mnseles that extend the medial four flngers (extensor digi- 
torum, extensor indieis, and extensor digiti minimi). 

3. Mnseles that extend or abduct the thumb (abductor 
pollieis longus, extensor pollieis brevis, and extensor 
pollieis longus). 

The extensor tendons are held in plaee in the wrist region 
by the extensor retinaeulum, which prevents bowstringing of 
the tendons when the hand is extended at the wrist joint. As 
the tendons pass over the dorsum of the wrist, they are pro- 
vided with synovial tendon sheaths that reduce frietion for 
the extensor tendons as they traverse the osseoflbrons tun- 
nels formed by the attaehment of the extensor retinaculum to 
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FIGIJRE 6.60. Extensor muscles of forearm. 


TABLE 6.11. MUSCLES OF POSTERIOR GOMPARTMENT OF FOREARM 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Superficial layer 

Braehioradialis 

Proximal two thirds of 
supra-epicondylar ridge 
of humerus 

Lateral surface of distal 
end of radius proximal to 
styloid proeess 

Radial nerve 
(C5,C6,C7) 

Relatively weakflexion offorearm; 
maximal when forearm is in mid- 
pronated position 

Extensor earpi 
radialis longus 
(ECRL) 

Lateral supra-epicondylar 
ridge of humerus 

Dorsal aspeet of base 
of 2nd metaearpal 

Radial nerve (C6, C7) 

Extend and abducthand atthe 
wristjoint; ECRL aetive during fist 
elenehing 

Extensor earpi 
radialis brevis 
(ECRB) 

Lateral epieondyle of 
humerus (eommon 
extensor origin) 

Dorsal aspeet of base of 
3rd metaearpal 

Deep braneh of radial 
nerve (C7, C8) 

Extensor 

digitorum 

Extensor expansions 
of medial four digits 

Extends medial four digits primarily 
at metaearpophalangeal joints, see- 
ondarily at interphalangeal joints 

Extensor digiti 
minimi (EDM) 

Extensor expansion of 

5th digit 

Extends 5th digit primarily at meta- 
earpophalangeal joint, seeondarily 
at interphalangeal joint 

Extensor earpi 
ulnaris (ECU) 

Lateral epieondyle of 
humerus; posterior bor- 
der of ulna via a shared 
aponeurosis 

Dorsal aspeet of base of 
5th metaearpal 

Extends and adducts hand atwrist 
joint(also aetive during fistelenehing) 

Deep layer 

Supinator 

Lateral epieondyle of 
humerus; radial eol- 
lateral and anular liga- 
ments; supinator fossa; 
erestof ulna 

Lateral, posterior, and 
anterior surfaces of 
proximal third of radius 

Deep braneh of radial 
nerve (C7, C8) 

Supinates forearm; rotates radius 
to turn palm anteriorly or superiorly 
(if elbow is flexed) 

Extensor indieis 

Posterior surface of 
distal third of ulna and 
interosseous membrane 

Extensor expansion of 

2nd digit 

Posterior interosse- 
ous nerve (C7, C8), 
continuation of deep 
braneh of radial nerve 

Extends 2nd digit (enabling its 
independentextension); helps 
extend hand at wrist 
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TABLE 6.11. MUSCLES OF POSTERIOR GOMPARTMENT OF FOREARM (Contìnued) 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Outcropping muscles of deep layer 

Abductor pollieis 
longus (APL) 

Posterior surface of 
proxinnal halves of ulna, 
radius, and interosseous 
membrane 

Base of Ist metaearpal 

Posterior interosse- 
ous nerve (C7, C8), 
continuation of deep 
braneh of radial nerve 

Abducts thumb and extends itat 
earpometaearpal joint 

Extensor pollieis 
longus (EPL) 

Posterior surface of 
middle third of ulna and 
interosseous membrane 

Dorsal aspeet of base of 
distal phalanx of thumb 

Extends distal phalanx of thumb at 
interphalangeal joint; extends meta- 
earpophalangeal and earpometa- 
earpai joints 

Extensor pollieis 
brevis (EPB) 

Posterior surface of 
distal third of radius and 
interosseous membrane 

Dorsal aspeetof base 
of proximal phalanx of 
thumb 

Extends proximal phalanx of thumb 
at metaearpophalangeal joint; 
extends earpometaearpal joint 


®The spinal eord segmental innervation is indieated (e.g., "C7, C8" means thatthe nerves sopplying the extensor earpi radialis brevis are derived from the seventh 
and eighth eervieal segments of the spinal eord). Nombers in boldfaee (C7) indieate the main segmental innervation. Damage to one or more of the listed spinal eord 
segments orto the motor nerve roots arising from them resolts in paralysis ofthe moseles eoneerned. 


the distal radms and nlna (Fig. 6.61). The extensor mnseles of 
the forearm are organized anatomieally into snperfieial and 
deep layers (Fig. 6.57B). 

Fonr of the snperfieial extensors (extensor earpi radialis 
brevis, extensor digitornm, extensor digiti minimi, and exten- 
sor earpi nlnaris) are attaehed proximally by a eommon exten- 
sor tendon to the lateral epieondyle (Figs. 6.60A and 6.61A 
& B; Table 6.11). The proximal attaehment of the other two 
mnseles in the snperfieial gronp (braehioradialis and extensor 
earpi radialis longns) is to the lateral snpra-epieondylar ridge 
of the hnmerns and adjaeent lateral intermnsenlar septnm 
(Fig. 6.60A & B). The fonr fiat tendons of the extensor digi- 
tornm pass deep to the extensor retinaenlnm to the medial 
fonr fingers (Fig. 6.62). The eommon tendons of the index 
and little fingers are joined on their medial sides near the 
knnekles by the respeetive tendons of the extensor indieis 
and extensor digiti minimi (extensors of the index and little 
fingers, respeetively). 

Braehíoradíalìs. The braehioradialis, a fnsiform 
mnsele, lies snperfieially on the anterolateral snrfaee of the 
forearm (Figs. 6.58 and 6.61A). It forms the lateral border 
of the enbital fossa (Fig. 6.56C). As mentioned previonsly, 
the braehioradialis is exeeptional among mnseles of the pos- 
terior (extensor) eompartment in that it has rotated to the 
anterior aspeet of the hnmerns and thns fiexes the forearm 
at the elbow. It is espeeially aetive dnring quiek movements 
or in the presenee of resistanee dnring fiexion of the forearm 
(e.g., when a weight is lifted), aeting as a shnnt mnsele resist- 
ing subluxation of the head of the radins. The braehioradialis 
and the snpinator are the only mnseles of the eompartment 
that do not eross and therefore are ineapable of aeting at the 
wrist. As it deseends, the braehioradialis overlies the radial 
nerve and artery where they lie together on the snpinator, 
pronator teres tendon, FDS, and FPL. The distal part of the 
tendon is eovered by the abdnetors pollieis longns and brevis 
as they pass to the thnmb (Fig. 6.61B). 


To test the hraehioradialis, the elbow joint is fiexed against 
resistanee with the forearm in the midprone position. If 
the braehioradialis is aeting normally, the mnsele ean be seen 
and palpated. 

Extensor Carpí Radíalís Longus. The extensor earpì 

radialis longns (ECRL), a fnsiform mnsele, is partly over- 
lapped by the braehioradialis, with which it often blends 
(Fig. 6.61). As it passes distally, posterior to the braehioradia- 
lis, its tendon is erossed by the abdnetor pollieis brevis and 
extensor pollieis brevis. The ECRL is indispensable when 
elenehing the fist. 

To test the extensor earpi radialis longns, the wrist is extended 
and abdneted with the forearm pronated. If aeting normally, 
the mnsele ean be palpated inferoposterior to the lateral side 
of the elbow. Its tendon ean be palpated proximal to the wrist. 

Extensor Carpí Radíalís Brevis. The extensor earpì 
radialis brevis (ECRB), as its name indieates, is a shorter 
mnsele than the ECRL beeanse it arises distally in the limb, 
yet it attaehes adjaeent to the ECRL in the hand (bnt to the 
base of the 3rd metaearpal rather than the 2nd). As it passes 
distally, it is eovered by the ECRL. The ECRB and ECRL 
pass nnder the extensor retinaenlnm together within the ten- 
dinons sheath of the extensor earpi radiales (Fig. 6.62). 
The two mnseles aet together to varions degrees, nsnally as 
synergists to other mnseles. When the two mnseles aet by 
themselves, they abdnet the hand as they extend it. Aeting 
with the extensor earpi nlnaris, they extend the hand (the 
brevis is more involved in this aetion); aeting with the FCR, 
they prodnee pnre abdnetion. Their synergistie aetion with 
the extensor earpi nlnaris is important in steadying the wrist 
dnring tight fiexion of the medial fonr digits (elenehing a fist), 
a fnnetion in which the longns is more aetive. 

Extensor Digítorum. The extensor digitornm, the 
prineipal extensor of the medial fonr digits, oeenpies mneh 
of the posterior snrfaee of the forearm (Figs. 6.60 and 6.61A). 
Proximally, its fonr tendons join the tendon of the extensor 
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FIGIJRE 6.61. Extensor-supinator eompartment of right forearm. A. The superficial layer of extensor muscles. The distal extensor tendons have been 
removed from the dorsum of the hand without disturbing the arteries because they lie on the skeletal plane. The faseia on the posterior aspeet of the distal- 
most forearm is thiekened to form the extensor retinaculum, which is anehored on its deep aspeet to the radius and ulna. B. The deep layer of extensor 
muscles is shown. Three outcropping muscles ofthe thumb (star) emerge from between the extensor earpi radialis brevis and the extensor digitorum: abduc- 
tor pollieis longus, extensor pollieis brevis, and extensor pollieis longus. The furrow from which the three muscles emerge has been opened proximally to the 
lateral epieondyle, exposing the supinator muscle. C. This transverse seetion ofthe forearm shows the superficial and deep layers of muscles in the posterior 
eompartment (pink), supplied by the radial nerve, and the anterior eompartment (gold), supplied by the ulnar and median nerves. 
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FIGITRE 6.62. Synovial sheaths and tendons on distal forearm and dorsum of hand. A. Observe that the six synovial tendon sheaths {purple) occupy 
six osseofìbrous tunnels formed by attaehments of the extensor retinaculum to the ulna and espeeially the radius, v\/hich give passage to 12 tendons of nine 
extensor muscles. The tendon of the extensor digitorum to the little fìnger is shared betvveen the ring fìnger and continues to the little fìnger via an interten- 
dinous eonneetion, then reeeives additional fìbers from the tendon of the extensor digiti minimi. Such variations are eommon. Numbers refer to the labeled 
osseofìbrous tunnels shovvn in part B. B. This slightly oblique transverse seetion of the distal end ofthe forearm shovvs the extensor tendons traversing the six 
osseofìbrous tunnels deep to the extensor retinaculum. 


indieis to pass deep to the extensor retinaenlnm throngh the 
tendinous sheath of the extensor digitomm and exten- 
sor indieis (eommon extensor synovial sheath) (Fig. 6.62A & B). 
On the dorsnm of the hand, the tendons spread ont as they rnn 
toward the digits. Adjaeent tendons are linked proximal to the 
knnekles (metaearpophalangeal joints) by three oblique inter- 
tendinons eonneetions that restriet independent extension 
of the fonr medial digits (espeeially the ring finger). Gonse- 
quently, normally none of these digits ean remain fnlly fiexed 
as the other ones are fnlly extended. Gommonly, the fonrth 
tendon is fnsed initially with the tendon to the ring finger and 
reaehes the little finger by an intertendinons eonneetion. 

On the distal ends of the metaearpals and along the pha- 
langes of the fonr medial digits, the fonr tendons fiatten to 
form extensor expansions (Fig. 6.63). Eaeh extensor digital 
expansion (dorsal expansion or hood) is a triangnlar, tendi- 
nons aponenrosis that wraps aronnd the dorsnm and sides of 


a head of the metaearpal and proximal phalanx. The visor-like 
“hood” formed by the extensor expansion over the head of 
the metaearpal, holding the extensor tendon in the middle of 
the digit, is anehored on eaeh side to the palmar ligament 
(a reinforeed portion of the fibrons layer of the joint eapsnle 
of the metaearpophalangeal joints) (Figs. 6.63A & C). 

In forming the extensor expansion, eaeh fiexor digitornm 
tendon divides into a median band, whieh passes to the base 
of the middle phalanx, and two lateral bands, which pass to 
the base of the distal phalanx (Fig. 6.63D & E). The tendons 
of the interosseons and inmbrieal mnseles of the hand join 
the lateral bands of the extensor expansion (Fig. 6.63). 

The retinaenlar ligament is a delieate fibrons band that 
rnns from the proximal phalanx and fibrons digital sheath 
obliquely aeross the middle phalanx and two interphalangeal 
joints (Fig. 6.63C). It joins the extensor expansion to the dis- 
tal phalanx. Dnring fiexion of the distal interphalangeal joint. 
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FIGIJRE 6.63. Dorsal digital (extensor) apparatus of 3rd digit. The metaearpal bone and all three phalanges are shown in parts A, B, D, and E; only 
the phalanges are shown in part C. A. Note the extensor digitorum tendon trifurcating (expanding) into three bands: two lateral bands that unite over the 
middle phalanx to insert into the base of the distal phalanx, and one median band that inserts into the base of the middle phalanx. B. Part of the tendon of 
the interosseous muscles attaehes to the base ofthe proximal phalanx; the other part contributes to the extensor expansion, attaehing primarily to the lat- 
eral bands, but also fans out into an aponeurosis. Some of the aponeurotic fibers fuse with the median band, and other fibers areh over it to blend with the 
aponeurosis arising from the other side. On the radial side of eaeh digit, a lumbrical muscle attaehes to the radial lateral band. The dorsal hood eonsists of a 
broad band of transversely oriented fibers attaehed anteriorlyto the palmar ligaments ofthe metaearpophalangeal (MP)joints that eneirele the metaearpal 
head and MPJoint, blending with the extensor expansion to keep the apparatus eentered overthe dorsal aspeet ofthe digit. C. Distally, retinacular ligaments 
extending from the fibrous digital sheath to the lateral bands also help keep the apparatus eentered and eoordinate movements at the proximal interphalan- 
geal (PIP) and distal interphalangeal (DIP) joints. D. Gontraetion ofthe extensor digitorum alone results in extension at all joints (including the MPjoint in 
the absenee ofaetion by the interossei and lumbricals). E. Because ofthe relationship ofthe tendons and the lateral bands to the rotational eenters ofthe 
joints {reddots in parts D and E), simultaneous eontraetion ofthe interossei and lumbricals produces fìexion at the MP joint but extension at the PIP and DIP 
joints (the so-ealled Z-movement). 
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the retinacular ligament beeomes tant and pnlls the proxi- 
mal joint into flexion. Similarly, on extending the proximal 
joint, the distal joint is pnlled by the retinaenlar ligament into 
nearly eomplete extension. 

The extensor digitornm aets primarily to extend the proxi- 
mal phalanges, and throngh its eollateral reinforeements, it 
seeondarily extends the middle and distal phalanges as well. 
After exerting its traetion on the digits, or in the presenee of 
resistanee to digital extension, it helps extend the hand at the 
wrist joint. 

To test the extensor digitornm, the forearm is pronated 
and the flngers are extended. The person attempts to keep 
the digits extended at the metaearpophalangeal joints as 
the examiner exerts pressnre on the proximal phalanges by 
attempting to flex them. If aeting normally, the extensor digi- 
tornm ean be palpated in the forearm, and its tendons ean be 
seen and palpated on the dorsnm of the hand. 

Extensor Dígìtí Mínìmì. The extensor digiti minimi 
(EDM), a fnsiform slip of mnsele, is a partially detaehed part 
of the extensor digitornm (Figs. 6.60B, 6.61 A & B, and 6.62). 
The tendon of this extensor of the little flnger rnns throngh a 
separate eompartment of the extensor retinaenlnm, posterior 
to the distal radio-nlnar joint, within the tendinons sheath 
of the extensor digiti minimi. The tendon then divides into 
two slips; the lateral one is joined to the tendon of the extensor 
digitornm, with all three tendons attaehing to the dorsal digi- 
tal expansion of the little flnger. After exerting its traetion pri- 
marily on the 5th digit, it eontribntes to extension of the hand. 

To test the extensor digiti minimi, the little flnger is 
extended against resistanee while holding digits 2-4 flexed at 
the metaearpophalangeal joints. 

Extensor Garpì IJInarís. The extensor earpi nlnaris 
(ECU), a long fnsiform mnsele loeated on the medial bor- 
der of the forearm, has two heads: a hnmeral head from the 
eommon extensor tendon and an nlnar head that arises by 
a eommon aponenrosis attaehed to the posterior border of 
the nlna and shared by the FCU, FDP, and deep faseia of 
the forearm. Distally, its tendon rnns in a groove between 
the nlnar head and its styloid proeess, throngh a separate 
eompartment of the extensor retinaenlnm within the ten- 
dinons sheath of the extensor earpi nlnaris. Aeting with 
the ECBL and ECBB, it extends the hand; aeting with the 
FCU, it addnets the hand. Like the ECBL, it is indispensable 
when elenehing the flst. 

To test the extensor earpi nlnaris, the forearm is pronated 
and the flngers are extended. The extended wrist is then 
addneted against resistanee. If aeting normally, the mnsele 
ean be seen and palpated in the proximal part of the forearm 
and its tendon ean be felt proximal to the head of the nlna. 

Supínator. The supinator lies deep in the enbital fossa 
and, along with the braehialis, forms its floor (Figs. 6.60A & C, 
6.61B, and 6.64). Spiraling medially and distally from its eon- 
tinnons, osseoflbrons origin, this sheet-like mnsele envelops 
the neek and proximal part of the shaft of the radins. The deep 
braneh of the radial nerve passes between its mnsele flbers, 
separating them into snperfleial and deep parts, as it passes 
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FIGITRE 6.64. Relatìonshìp of radìal nerve to braehìalìs and supìna- 
tor muscles. In the cubital fossa, lateral to the braehialis, the radial nerve 
divides into deep (motor) and superficial (sensory) branehes. The deep 
braneh penetrates the supinator muscle and emerges in the posterior eom- 
partment of the forearm as the posterior interosseous nerve. It joins the 
artery of the same name to run in the plane betvveen the superficial and the 
deep extensors ofthe forearm. 


from the enbital fossa to the posterior part of the arm. As it 
exits the mnsele and joins the posterior interosseons artery, it 
may be referred to as the posterior interosseons nerve. 

The snpinator is the prime mover for sloio, nnopposed 
snpination, espeeially when the forearm is extended. The 
bieeps braehii also snpinates the forearm and is the prime 
mover dnring rapid and foreefnl snpination against resistanee 
when the forearm is flexed (e.g., when a right-handed person 
drives a screw). 

The deep extensors of the forearm aet on the thnmb 
(abdnetor pollieis longns, extensor pollieis longns, and exten- 
sor pollieis brevis) and the index flnger (extensor indieis) 
(Figs. 6.60-6.62; Table 6.11). The three mnseles aeting on 
the thnmb are deep to the snperfleial extensors and “erop 
ont” (emerge) from the furrow in the lateral part of the fore- 
arm that divides the extensors. Beeanse of this eharaeteristie, 
they are sometimes referred to as onteropping mnseles of the 

thnmh (Fig. 6.61A). 

Abductor Pollieis Longus. The abdnetor pollieìs 

longns (APL) has a long, fnsiform belly that lies jnst dis- 
tal to the snpinator (Fig. 6.60) and is elosely related to the 
extensor pollieis brevis. Its tendon, and sometimes its belly, 
is eommonly split into two parts, one of which may attaeh to 
the trapezinm instead of the nsnal site at the base of the Ist 
metaearpal. The APL aets with the abdnetor pollieis brevis 
dnring abdnetion of the thnmb and with the extensor pollieis 
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muscles during extension of this digit. Althongh deeply situ- 
ated, the APL emerges at the wrist as one of the onteropping 
mnseles. Its tendon passes deep to the extensor retinaeulum 
with the tendon of the extensor pollieis brevis in the eom- 
mon synovial tendinous sheath of the ahdnetor pollieis 
longns and extensor pollieis hrevis. 

To test the ahdnetor pollieis longns, the thnmb is abdneted 
against resistanee at the metaearpophalangeal joint. If aeting 
normally, its tendon ean be seen and palpated at the lateral 
side of the anatomieal snnff hox and on the lateral side of the 
adjaeent extensor pollieis brevis tendon. 

Extensor Pollìeís Brevís. The belly of the extensor 
pollieis hrevis (EPB), the fnsiform short extensor of the 
thumb, lies distal to the APL and is partly eovered by it. Its 
tendon lies parallel and immediately medial to that of the 
APL but extends farther, reaehing the base of the proximal 
phalanx (Fig. 6.62). In eontinned aetion after aeting to flex 
the proximal phalanx of the thumb, or aeting when that joint 
is flxed by its antagonists, it helps extend the Ist metaearpal 
and extend and abdnet the hand. When the thumb is hilly 
extended, a hollow ealled the anatomieal snnff hox, ean be 
seen on the radial aspeet of the wrist (Fig. 6.65). 

To test the extensor pollieis hrevis, the thumb is extended 
against resistanee at the metaearpophalangeal joint. If the 
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FIGIJRE 6.65. Anatomieal snufFbox. A. When the thumb is extended, 
a triangular hollovv appears betvveen the tendon of the extensor pollieis 
longus (EPL) medially and the tendons ofthe extensor pollieis brevis (EPB) 
and abductor pollieis longus (APL) laterally. B. The fìoor of the snuff box, 
formed by the seaphoid and trapezium bones, is erossed by the radial artery 
as it passes diagonally from the anterior surface of the radius to 
the dorsal surface ofthe hand. 


EPB is aeting normally, the tendon of the mnsele ean be 
seen and palpated at the lateral side of the anatomieal snuff 
box and on the medial side of the adjaeent APL tendon 
(Figs. 6.61 and 6.62). 

Extensor Pollíeís Longus. The extensor pollieis lon- 

gus (EPL) is larger and its tendon is longer than that of the 
EPB. The tendon passes nnder the extensor retinaenlnm in 
its own tnnnel (Fig. 6.60), within the tendinons sheath of 
the extensor pollieis longns, medial to the dorsal tnberele 
of the radins. It nses the tnberele as a troehlea (pnlley) to 
ehange its line of pnll as it proeeeds to the base of the distal 
phalanx of the thnmb. The gap thns ereated between the long 
extensor tendons of the thumb is the anatomieal snnff hox 
(Fig. 6.65). In addition to its main aetions (Table 6.11), the 
EPL also addnets the extended thnmb and rotates it laterally. 

To test the extensor pollieis longns, the thumb is extended 
against resistanee at the interphalangeal joint. If the EPL is 
aeting normally, the tendon of the mnsele ean be seen and 
palpated on the medial side of the anatomieal snnff box. 

The tendons of the APL and EPB bonnd the anatomieal 
snnff box anteriorly, and the tendon of the EPL bonnds it 
posteriorly (Figs. 6.61, 6.62, and 6.65). The snnff box is vis- 
ible when the thumb is fnlly extended; this draws the tendons 
up and prodnees a triangnlar hollow between them. Observe 
that the: 

• Radial artery lies in the floor of the snnff box. 

• Radial styloid proeess ean be palpated proximally and the 
base of the Ist metaearpal ean be palpated distally in the 
snuff box. 

• Seaphoid and trapezinm ean be felt in the floor of the 
snnff box between the radial styloid proeess and the Ist 
metaearpal (see the blue box “Fracture of the Seaphoid” 
on p. 686). 

Extensor indíeìs. The extensor indieis has a narrow, 
elongated belly that lies medial to and alongside that of the 
EPL (Figs. 6.61B and 6.62). This mnsele eonfers indepen- 
denee to the index flnger in that the extensor indieis may aet 
alone or together with the extensor digitornm to extend the 
index flnger at the proximal interphalangeal joint, as in point- 
ing. It also helps extend the hand. 


Arterìes of Forearm 

The main arteries of the forearm are the nlnar and radial 
arteries, whieh usually arise opposite the neek of the radins 
in the inferior part of the enbital fossa as terminal branehes 
of the braehial artery (Fig. 6.66). The named arteries of the 
forearm are illnstrated in Fignre 6.67 and their origins and 
eonrses are deseribed in Table 6.12. The following disenssion 
provides additional details. 

ULNAR ARTERY 

Pnlsations of the nlnar artery ean be palpated on the lat- 
eral side of the FCU tendon, where it lies anterior to the 
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FIGIJRE 6.66. Flexor dìgìtorum superficìalìs and related vasculature. Three muscles of the superficial layer (pronator teres, fìexor earpi radialis, and pal- 
maris longus) have been removed, leaving only their attaehing ends; the fourth muscle ofthe layer (the fìexor earpi ulnaris) has been retraeted medially. 

The tendinous humeral attaehment of the FDS to the medial epieondyle is thiek; and the linear attaehment to the radius, immediately distal to the radial 
attaehments ofthe supinator and pronator teres, is thin (Table 6.10). The ulnar artery and median nerve pass between the humeral and the radial heads of 
the FDS. The artery deseends obliquely deep to the FDS to join the ulnar nerve, which deseends vertieally near the medial border ofthe FDS (exposed here by 
splitting a fìjsion of the FDS and the FCU). A (proximal) probe is elevating the FDS tendons (and median nerve and persisting median artery). A seeond (dis- 
tal) probe is elevating all the remaining structures that eross the wrist (radioearpal) joint anteriorly. 


ulnar head. The ulnar nerve is on the medial side of the 
ulnar artery. Branehes of the ulnar artery arising in the 
forearm partieipate in the peri-artieular anastomoses of 
the elbow (Fig. 6.67, palmar view) and snpply mnseles of the 
medial and eentral forearm, the eommon flexor sheath, and 
the ulnar and median nerves. 


• The anterior and posterior nlnar reenrrent arteries anas- 
tomose with the inferior and snperior ulnar eollateral 
arteries, respeetively, thereby partieipating in the peri- 
artienlar arterial anastomoses of the elhoto. The anterior 
and posterior arteries may be present as anterior and pos- 
terior branehes of a (eommon) ulnar reenrrent artery. 
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FIGITRE 6.67. Arteries of forearm. 


TABLE 6.12. ARTERIES OF FOREARM AND WRIST 


Artery 

Origin 

Course in Forearm 

Ulnar 

As largerterminal braneh of braehial artery in 
cubital fossa 

Deseends inferomedially and then direetly inferiorly, deep to super- 
fieial (pronatorteres and palmaris longus) and intermediate (flexor 
digitorum superficialis) layers of flexor muscles to reaeh medial side 
of forearm; passes superficial to flexor retinaculum at wrist in ulnar 
(Guyon) eanal to enter hand 

Anterior ulnar 
recurrentartery 

LJInar artery justdistal to elbow joint 

Passes superiorly between braehialis and pronatorteres, supplying 
both; then anastomoses with inferior ulnar eollateral artery anterior to 
medial epieondyle (Fig. 6.67, palmarview) 

Posterior ulnar 
recurrentartery 

Lllnar artery distal to anterior ulnar 

Passes superiorly, posteriorto medial epieondyle and deep to tendon 
of flexor earpi ulnaris;then recurrentartery anastomoses with superior 
ulnar eollateral artery 

Gommon 

interosseous 

Lllnar artery in cubital fossa, distal to bifurca- 
tion of braehial artery 

Passes laterally and deeply, terminating quickly by dividing into ante- 
riorand posterior interosseous arteries 

Anterior 

interosseous 

As terminal branehes of eommon inter- 
osseous artery, between radius and ulna 

Passes distallyon anterior aspeetof interosseous membraneto proxi- 
mal border of pronator quadratus; pierees membrane and continues 
distally to join dorsal earpal areh on posterior aspeet of interosseous 
membrane 

Posterior 

interosseous 

Passesto posterior aspeetof interosseous membrane, giving rise to 
recurrent interosseous artery; runs distally between superficial and 
deep extensor muscles, supplying both; replaeed distally by anterior 
interosseous artery 

Recurrent 

interosseous 

Posterior interosseous artery, between 
radius and ulna 

Passes superiorly, posteriorto proximal radio-ulnar jointand capitu- 
lum, to anastomose with middle eollateral artery (from deep braehial 
artery) 

Palmar earpal 
braneh 

LJInar artery in distal forearm 

Runs aeross anterior aspeetof wrist, deep to tendons of flexor digito- 
rum profundus, to anastomose with the palmar earpal braneh of the 
radial artery, forming palmar earpal areh 
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TABLE 6.12. ARTERIES OF FOREARM AND WRIST (Contìnued) 


Artery 

Origin 

Course in Forearm 

Dorsal earpal 
braneh 

LJInarartery, proximalto pisiform 

Passes aeross dorsal surface of wrist, deep to extensortendons, to 
anastomose with dorsal earpal braneh of radial artery, forming dorsal 
earpal areh 

Radial 

As smaller terminal braneh of braehial artery 
in cubital fossa 

Runs inferolaterally under eover of braehioradialis; lies lateral to flexor 
earpi radialis tendon in distal forearm; winds around lateral aspeetof 
radius and erosses floor of anatomieal snuff box to pieree first dorsal 
interosseous muscle 

Radial recurrent 

Lateral side of radial artery, justdistal to bra- 
ehial artery bifurcation 

Aseends between braehioradialis and braehialis, supplying both (and 
elbow joint); then anastomoses with radial eollateral artery (from pro- 
funda braehii artery) 

Palmar earpal 
braneh 

Distal radial artery near distal border of pro- 
nator quadratus 

Runs aeross anterior wristdeep to flexor tendons to anastomose with 
the palmar earpal braneh of ulnar artery to form palmar earpal areh 

Dorsal earpal 
braneh 

Distal radial artery in proximal partof snuff 
box 

Runs medially aeross wrist deep to pollieis and extensor radialis ten- 
dons, anastomoses with ulnardorsal earpal braneh forming dorsal 
earpal areh 


• The eommon interosseons artery, a short braneh of the 
nlnar artery, arises in the distal part of the enbital fossa 
and divides almost immediately into anterior and poste- 
rior interosseons arteries. 

• The anterior interosseons artery passes distally, rnnning 
direetly on the anterior aspeet of the interosseons mem- 
brane with the anterior interosseons nerve, whereas 
the posterior interosseons artery eonrses between the 
snperfìeial and the deep layers of the extensor mnseles 
in the eompany of the posterior interosseons nerve. The 
relatively small posterior interosseons artery is the prin- 
eipal artery serving the strnetnres of the middle third of 
the posterior eompartment. Thns it is mostly exhausted 
in the distal forearm and is replaeed by the anterior 
interosseons artery, which pierees the interosseons 
membrane near the proximal border of the pronator 
quadratus. 

• IJnnamed museular hranehes of the ulnar artery snpply 
mnseles on the medial side of the forearm, mainly those 
in the fìexor-pronator gronp. 

RADIAL ARTERY 

The pnlsations of the radial artery ean be felt thronghont 
the forearm, making it nsefnl as an anterolateral demarea- 
tion of the fìexor and extensor eompartments of the forearm. 
When the braehioradialis is pnlled laterally, the entire length 
of the artery is visible (Figs. 6.66 and 6.67; Table 6.12). The 
radial artery lies on mnsele nntil it reaehes the distal part of 
the forearm. Here it lies on the anterior snrfaee of the radins 
and is eovered by only skin and faseia, making this an ideal 
loeation for eheeking the radial pnlse. 

The eonrse of the radial artery in the forearm is repre- 
sented by a line joining the midpoint of the enbital fossa to 
a point jnst medial to the radial styloid proeess. The radial 
artery leaves the forearm by winding aronnd the lateral 


aspeet of the wrist and erosses the fìoor of the anatomieal 
snnff box (Figs. 6.65 and 6.66). 

• The radial reenrrent artery partieipates in the peri- 
artienlar arterial anastomoses around the elhoto by anas- 
tomosing with the radial eollateral artery, a braneh of the 
profnnda braehii artery. 

• The palmar and dorsal earpal hranehes of the radial 
artery partieipate in the peri-artieular arterial anastomo- 
sis around the lorist by anastomosing with the eorrespond- 
ing branehes of the nlnar artery and terminal branehes of 
the anterior and posterior interosseons arteries, forming 
the palmar and dorsal earpal arehes. 

• The nnnamed muscular hranehes of the radial artery snp- 
ply mnseles in the adjaeent (anterolateral) aspeets of both 
the fìexor and the extensor eompartments beeanse the 
radial artery rnns along (and demareates) the anterolateral 
bonndary between the eompartments. 

Veins of Forearm 

In the forearm, as in the arm, there are snperfìeial and deep 
veins. The snperfìeial veins aseend in the snbentaneons tissne. 
The deep veins aeeompany the deep arteries of the forearm. 

SUPERFICIAL VEINS 

The pattern, eommon variations, and elinieal signifìeanee of 
the snperfìeial veins of the npper limb were disenssed earlier 
in this ehapter (p. 689). 

DEEP VEINS 

Deep veins aeeompanying arteries are plentifnl in the 
forearm (Fig. 6.68). These aeeompanying veins (L. venae 
eomitantes) arise from the anastomosing deep venous 
palmar areh in the hand. From the lateral side of the 
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FIGIJRE 6.68. Deep venous draìnage of upper lìmb. 


areh, paired radial veins arise and aeeompany the radial 
artery; from the medial side, paired nlnar veins arise and 
aeeompany the nlnar artery. The veins aeeompanying eaeh 
artery anastomose freely with eaeh other. The radial and 
nlnar veins drain the forearm bnt earry relatively little 
blood from the hand. 

The deep veins aseend in the forearm along the sides of 
the eorresponding arteries, reeeiving tribntaries from veins 
leaving the mnseles with whieh they are related. Deep veins 
eommnnieate with the snperfìeial veins. The deep interos- 
seons veins, which aeeompany the interosseons arteries, 
nnite with the aeeompanying veins of the radial and nlnar 
arteries. In the enbital fossa the deep veins are eonneeted to 
the medìan enhital vein, a snperfìeial vein (Fig. 6.55B). These 
deep enbital veins also nnite with the aeeompanying veins of 
the braehial artery. 

Nerves of Forearm 

The nerves of the forearm are the median, nlnar, and radial. 
The median nerve is the prineipal nerve of the anterior (fìexor- 
pronator) eompartment of the forearm (Figs. 6.57B and 
6.69A). Althongh the radial nerve appears in the enbital 
region, it soon enters the posterior (extensor-supinator) eom- 
partment of the forearm. Besides the entaneons branehes, 
there are only two nerves of the anterior aspeet of the 


forearm: the median and nlnar nerves. The named nerves 
of the forearm are illnstrated in Fignre 6.69 and their ori- 
gins and eonrses are deseribed in Table 6.13. The follow- 
ing seetions provide additional details and disenss nnnamed 
branehes. 

MEDIAN NERVE IN FOREARM 

The median nerve is the prineipal nerve of the anterior 
eompartment of the forearm (Figs. 6.69A and 6.70; Table 
6.13). It snpplies mnsenlar branehes direetly to the mnseles 
of the snperfìeial and intermediate layers of forearm fìexors 
(except the FCU), and deep mnseles (except for the medial 
[nlnar] half of the FDP) via its braneh, the anterior interos- 
seons nerve. 

The median nerve has no branehes in the arm other than 
small twigs to the braehial artery. Its major braneh in the 
forearm is the anterior interosseons nerve (Fig. 6.69A, Table 
6.13). In addition, the following nnnamed branehes of the 
median nerve arise in the forearm: 

• Artienlar hranehes. These branehes pass to the elbow 
joint as the median nerve passes it. 

• Mnsenlar hranehes. The nerve to the pronator teres nsn- 
ally arises at the elbow and enters the lateral border of the 
mnsele. A broad bnndle of nerves pierees the snperfìeial 
fìexor gronp of mnseles and innervates the FCB, the pal- 
maris longns, and the FDS. 

• Anterior interosseons nerve. This braneh rnns distally on 
the interosseons membrane with the anterior interosse- 
ons braneh of the nlnar artery. After snpplying the deep 
forearm fìexors (except the nlnar part of the FDP, which 
sends tendons to 4th and 5th fìngers), it passes deep to 
and snpplies the pronator quadratus, then ends by send- 
ing artienlar branehes to the wrist joint. 

• Palmar entaneons hraneh of the median nerve. This 
braneh arises in the forearm, jnst proximal to the fìexor 
retinaenlnm, bnt is distribnted to skin of the eentral part 
of the palm. 

ULNAR NERVE IN FOREARM 

Like the median nerve, the nlnar nerve does not give rise to 
branehes dnring its passage throngh the arm. In the forearm it 
snpplies only one and a half mnseles, the FCU (as it enters the 
forearm by passing between its two heads of proximal attaeh- 
ment) and the nlnar part of the FDP, which sends tendons 
to the 4th and 5th digits (Fig. 6.69B, Table 6.13). The nlnar 
nerve and artery emerge from beneath the FCU tendon and 
beeome snperfìeial jnst proximal to the wrist. They pass snper- 
fìeial to the fìexor retinaenlnm and enter the hand by passing 
throngh a groove between the pisiform and the hook of the 
hamate. 

A band of fìbrons tissne from the fìexor retinaenlnm 
bridges the groove to form the small ulnar eanal (Gnyon 
eanal) (Fig. 6.70B). The branehes of the nlnar nerve arising 

(text eontinnes on p. 764) 
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Ext. indieis 
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(C) Radial nerve, 
posterior view 


Medial cutaneous 
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Posterior 
cutaneous nerve 
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Lateral cutaneous 
nerve of forearm 
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Palmar cutaneous 
braneh of ulnar nerve 


(D) Cutaneous nerves 
Posterior view Anterior view 





FIGITRE 6.69. Nerves of forearm. Abd. poll. longus, abductor pollieis longus; ext. indieis; extensor indieis; ext. poll. brevis, extensor pollieis brevis; ext. poll. 
longns; extensor pollieis longus. 


TABLE6.13. NERVES OF FOREARM 


Nerve 

Origin 

Course in Forearm 

Median 

By union of lateral root of median nerve 
(C6 and C7, from lateral eord of braehial 
plexus) with medial root (C8 and Tl) from 
medial eord) 

E nters cubital fossa medial to braehial artery; exits by passing between 
heads of pronatorteres; deseends in faseial plane between flexors 
digitorum superficialis and profundus; runs deep to palmaris longus 
tendon as it approaehes flexor retinaculum to traverse earpal tunnel 

Anterior 

interosseous 

Median nerve in distal partof cubital fossa 

Deseends on anterior aspeet of interosseous membrane with artery of 
same name, between FDP and FPL, to pass deep to pronator quadratus 

Palmar cutaneous 
braneh of median 
nerve 

Median nerve in middle to distal forearm, 
proximal to flexor retinaculum 

Passes superficial to flexor reticulum to reaeh skin of eentral palm 

Ulnar 

Larger terminal braneh of medial eord of 
braehial plexus (C8 and Tl, often reeeives 
fibers from C7) 

Enters forearm by passing between heads of flexor earpi ulnaris, after 
passing posterior to medial epieondyle of humerus; deseends forearm 
between FCLI and FDP; beeomes superficial in distal forearm 

Palmar cutaneous 
braneh of ulnar 

nerve 

Lllnar nerve near middle of forearm 

Deseends anteriorto ulnarartery; perforates deep faseia in distal 
forearm; runs in subcutaneous tissue to palmarskin medial to axis of 

4th digit 

Dorsal cutaneous 
braneh of ulnar 

nerve 

Lllnar nerve in distal half of forearm 

Passes postero-inferiorly between ulna and flexorcarpi ulnaris; enters 
subcutaneous tissue to supply skin of dorsum medial to axis of 4th digit 

Radial 

Larger terminal braneh of posterior eord of 
braehial plexus (C5-T1) 

Enters cubitalfossa between braehioradialis and braehialis; ante- 
riorto lateral epieondyle divides into terminal superficial and deep 
branehes 

Posterior 
cutaneous nerve 
of forearm 

Radial nerve, as ittraverses radial groove of 
posterior humerus 

Perforates lateral head oftrieeps; deseends along lateral side of arm 
and posterior aspeetof forearm to wrist 


(continued) 
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TABLE 6.13. NERVES OF FOREARM (Contìnued) 


Nerve 

Origin 

Course in Forearm 

Supetficial braneh 
of radial nerve 

Sensory terminal braneh of radial nerve, in 
cubital fossa 

Deseends betvveen pronator teres and braehioradialis, emerging from 
latter to arborize over anatomieal snuff box and supply skin of dorsum 
lateral to axis of 4th digit 

Deep braneh of 
radial/posterior 
interosseous 
nerve 

Motorterminal braneh of radial nerve, in 
cubital fossa 

Deep braneh exits cubital fossa vvinding around neek of radius, pen- 
etrating and supplying supinator; emerges in posterior eompartment 
offorearm as posterior interosseous; deseends on membrane vvith 
artery of same name 

Lateral cutaneous 
nerve of forearm 

Continuation of musculocutaneous nerve 
distal to muscular branehes 

Emerges lateral to bieeps braehii on braehialis, running initially vvith 
eephalie vein; deseends along lateral border of forearm to vvrist 

Medial cutaneous 
nerve of forearm 

Medial eord of braehial plexus, reeeiving C8 
and T1 fibers 

Perforates deepfaseia of arm vvith basilie vein proximalto cubital 
fossa; deseends medial aspeetof forearm in subcutaneous tissue 
to vvrist 


Musculo- 
cutaneous nerve 


Braehialis 

Median nerve 

Braehial artery 


Bieeps tendon 

Radial artery 


Braehioradialis 


Radial artery 


Flexor- 

digitorum 
superficialis 
(radial head) 


Flexor pollieis 
longus 


Pronator 
quadratus 

Abductor 
pollieis 
longus 



Thenar 

faseia 



f 




1 1 fflj H 




lllnar nerve 


Medial 


Radial artery 

Flexor earpi 
radialis 

Palmar cutaneous 


intermuscular braneh of 


septum 


median nerve 


lllnar artery 

Pronator 

teres 


Palmar earpal 
ligament (cut) 


Anterior radio- 
earpal ligament 


Flexor earpi 

radialis (FCR) Trapezium 

Thenar 
Flexor earpi muscle and 

ulnaris (FCU) faseia 


Flexor 

digitorum 

superficialis (FDS) 
(humero-ulnar head) 


Palmaris longus 
and tendon 
(variation) 




Median nerve 


llinar artery 


Flexor retinaculum (transverse 

earpal ligament) 


Median nerve 

Palmaris longus 
tendon 


Pisiform 


Deep branehes 
of ulnar artery 
and nerve 
arising in ulnar 
(Guyon) eanal 

Pisohamate 

ligament 

Palmar branehes 
of ulnar nerve 
and artery 

Hook of hamate 


Hypothenar 
muscle 
and faseia 


(A) 


FIGIJRE 6.70. Neurovascular structures in anterior aspeet of forearm 
and wrist. A. At the elbovv, the braehial artery lies betvveen the bieeps ten- 
(don aneJ the meeiian nerve. It bifijreates into the radial and ulnar arteries. 

In the forearm, the radial artery courses betvveen the extensor and the fìexor 
muscle groups. B. Deep disseetion ofthe distal part ofthe forearm and 
proximal part of the hand shov\/ing the course of the arteries and nerves. 
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in the forearm inelnde nnnamed mnsenlar and artienlar 
branehes, and entaneons branehes that pass to the hand: 

• Artienlar hranehes pass to the elbow joint while the nerve 
is between the oleeranon and the medial epieondyle. 

• Mnsenlar hranehes snpply the FCU and the medial half of 
the FDP. 

• The palmar and dorsal entaneons hranehes arise from the 
nlnar nerve in the forearm, bnt their sensory fibers are 
distribnted to the skin of the hand. 

RADIAL NERVE IN FOREARM 

Unlike the medial and nlnar nerves, the radial nerve serves 
motor and sensory fnnetions in both the arm and the forearm 
(bnt only sensory fnnetions in the hand). However, its sen- 
sory and motor fibers are distribnted in the forearm by two 
separate branehes, the snperfieial (sensory or entaneons) and 
deep radiaPposterior interosseons nerve (motor) (Fig. 6.69C 
& D, Table 6.13). It divides into these terminal branehes as it 
appears in the enbital fossa, anterior to the lateral epieondyle 
of the hnmerns, between the braehialis and the braehioradia- 
lis (Fig. 6.64). The two branehes immediately part eompany, 
the deep braneh winding laterally aronnd the radins, piereing 
the snpinator en ronte to the posterior eompartment. 

The posterior entaneons nerve of the forearm arises from 
the radial nerve in the posterior eompartment of the arm, as it 
rnns along the radial groove of the hnmerns. Thns it reaehes 
the forearm independent of the radial nerve, deseending in 
the snbentaneons tissne of the posterior aspeet of the fore- 
arm to the wrist, snpplying the skin (Fig. 6.69D). 

The snperfieial hraneh of the radial nerve is also a enta- 
neons nerve, bnt it gives rise to artienlar branehes as well. 
It is distribnted to skin on the dorsnm of the hand and to a 
nnmber of joints in the hand, branehing soon after it emerges 
from the overlying braehioradialis and erosses the roof of the 
anatomieal snnff box (Fig. 6.65). 

The deep hraneh of the radial nerve, after it pierees the 
snpinator, rnns in the faseial plane between snperfieial and 
deep extensor mnseles in elose proximity to the posterior 
interosseons artery; it is nsnally referred to as the posterior 
interosseons nerve (Figs. 6.64 and 6.69C). It snpplies motor 
innervation to all the mnseles with fieshy bellies loeated 
entirely in the posterior eompartment of the forearm (distal 
to the lateral epieondyle of the hnmerns). 

LATERAL AND MEDIAL CUTANEOUS NERVES 
OF FOREARM 

The lateral cutaneous nerve of theforearm (lateral ante- 
braehial entaneons nerve) is the eontinnation of the mnsenlo- 
entaneons nerve after its motor branehes have all been given 
off to the mnseles of the anterior eompartment of the arm. 

The medial cutaneous nerve of the forearm (medial 
antebraehial entaneons nerve) is an independent braneh of 
the medial eord of the braehial plexus. With the posterior 
cutaneous nerve of the forearm from the radial nerve, 
eaeh snpplying the area of skin indieated by its name, these 


three nerves provide all the entaneons innervation of the 
forearm (Fig. 6.69D). There is no “anterior entaneons nerve 
of the forearm.” {Memory deviee: This is similar to the bra- 
ehial plexus, whieh has lateral, medial, and posterior eords 
bnt no anterior eord.) 

Althongh the arteries, veins, and nerves of the forearm 
have been eonsidered separately, it is important to plaee them 
into their anatomieal context. Except for the snperfieial veins, 
which often eonrse independently in the snbentaneons tissne, 
these nenrovasenlar strnetnres nsnally exist as eomponents of 
nenrovasenlar bnndles. These bnndles are eomposed of arter- 
ies, veins (in the limbs, nsnally in the form of aeeompanying 
veins), and nerves as well as lymphatie vessels, which are nsn- 
ally snrronnded by a nenrovasenlar sheath of varying density. 

Surface Anatomy of Forearm 

Three bony landmarks are easily palpated at the elbow: the 
medial and lateral epieondyles of the hnmerns and the olee- 
ranon of the nlna (Fig. 6.71). In the hollow loeated postero- 
laterally when the forearm is extended, the head of the radins 
ean be palpated distal to the lateral epieondyle. Snpinate and 
pronate yonr forearm and feel the movement of the radial 
head. The posteríor border of the ulna is snbentaneons and 
ean be palpated distally from the oleeranon along the entire 
length of the bone. This landmark demareates the posterome- 
dial bonndary separating the fiexor-pronator (anterior) and 
extensor-supinator (posterior) eompartments of the forearm. 

The enhital fossa, the triangnlar hollow area on the 
anterior snrfaee of the elbow, is bonnded medially by the 
prominenee formed by the flexor-pronator gronp of mnseles 
that are attaehed to the medial epieondyle. To estimate the 
position of these mnseles, pnt yonr thnmb posterior to yonr 
medial epieondyle and then plaee yonr fingers on yonr fore- 
arm as shown in Fignre 6.72A. The hlaek dot on the dorsnm 
of the hand indieates the position of the medial epieondyle. 

The enbital fossa is bonnded laterally by the prominenee 
of the extensor-supinator group of muscles attaehed to the 
lateral epieondyle (Fig. 6.72B). The pulsations of the radial 
artery ean be palpated thronghont the forearm as it rnns its 
snperfieial eonrse from the enbital fossa to the wrist (anterior 
to the radial styloid proeess), demareating the anterolateral 
bonndary separating the fiexor-pronator and extensor-supi- 
nator eompartments of the forearm. 

The head of the ulna is at its distal end and is easily seen and 
palpated. It appears as a ronnded prominenee at the wrist when 
the hand is pronated. The nlnarstyloid proeess ean be palpated 
jnst distal to the nlnar head. The larger radial styloid proeess 
ean be easily palpated on the lateral side of the wrist when the 
hand is snpinated, partienlarly when the tendons eovering it 
are relaxed. The radial styloid proeess is loeated approximately 
1 em more distal than the nlnar styloid proeess. This relation- 
ship of the styloid proeesses is important in the diagnosis of eer- 
tain injnries in the wrist region (e.g., fraetnre of the distal end of 
the radins). Proximal to the radial styloid proeess, the surfaces 
of the radius are palpable for a few eentimeters. The lateral 
snrfaee of the distal half of the radins is easy to palpate. 
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FIGIJRE 6.71. Surface anatomy of posterior forearm. 
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(A) Anterior view of supinated forearm 
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FIGITRE 6.72. Surface anatomy of anterior forearm. 
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Styloid proeess of ulna 


Dorsal venous netvvork 


Gephalie vein 
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(B) Anterìor view of 
pronated forearm 
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Course of 
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FIGURE6.72. (Continued) Surface anatomy of anterior forearm. 


FOREARM 



Elbow Tendinitis or Lateral 
Epieondylitis 

Elhoto tendinitis (“tennis elbow”) is a painfnl mnsen- 
loskeletal eondition that may follow repetitive nse of 
the snperfieial extensor mnseles of the forearm. Pain 
is felt over the lateral epieondyle and radiates down the poste- 
rior snrfaee of the forearm. People with elbow tendinitis often 
feel pain when they open a door or lift a glass. Repeated foree- 
ful fiexion and extension of the wrist strain the attaehment of 
the eommon extensor tendon, prodneing infiammation of the 
periostenm of the lateral epieondyle (lateral epieondylitis). 



Mallet or Baseball Finger 

Sndden severe tension on a long extensor tendon may 
avnlse part of its attaehment to the phalanx. The most 
eommon resnlt of the injnry is a mallet or hasehall 
jìnger (Fig. B6.19A). This deformity resnlts from the distal 
interphalangeal joint snddenly being foreed into extreme fiex- 
ion (hyperfiexion) when, for example, a baseball is miseanght or 
a finger is jammed into the base pad (Fig. B6.19B). These 
aetions avnlse (tear away) the attaehment of the tendon to the 
base of the distal phalanx. As a resnlt, the person eannot extend 
the distal interphalangeal joint. The resnltant deformity bears 
some resemblanee to a mallet. 


Fracture of Oleeranon 



Fraetnre of the oleeranon, ealled a “fraetnred elbow” 
by laypersons, is eommon beeanse the oleeranon is 
snbentaneons and protmsive. The typieal meehanism 
of injnry is a fall on the elbow eombined with sndden powerful 
eontraetion of the trieeps braehii. The fraetnred oleeranon is 
pnlled away by the aetive and tonie eontraetion of the trieeps 



Ruptured tendon 



(B) 

FIGURE B6.19. Mallet finger. A. The elinieal appearanee. B. Meeha- 
nism of injury. 


(Fig. B6.20), and the injnry is often eonsidered to be an avnl- 
sion fraetnre (Salter, 1999). Beeanse of the traetion prodneed 
by the tonns of the trieeps on the oleeranon fragment, pinning 


Trieeps 

tendon 


Oleeranon 



FIGURE B6.20. 
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is usually required. Healing occurs slowly, and often a east must 
be worn for an extended period of time. 



Synovial Cyst of Wrìst 

Sometimes a non-tender eystie sivelling appears on 
the hand, most eommonly on the dorsnm of the wrist 
(Fig. B6.21). Usually the eyst is the size of a small 
grape, but it varies and may be as large as a plum. The thin- 
walled eyst eontains elear mucinous fluid. The cause of the eyst 
is unknown, but it may result from mucoid degeneration (Salter, 
1999). Flexion of the wrist makes the eyst enlarge, and it may be 
painfnl. Clinically, this type of swelling is ealled a “ganglion” (G., 
swelling or knot). Anatomieally, a ganglion refers to a eolleetion 
of nerve eell bodies (e.g., a spinal ganglion). Synovial eysts are 
elose to and often eommnnieate with the synovial sheaths on the 
dorsnm of the wrist {pnrple in flgnre). The distal attaehment of 
the EGRB tendon to the base of the 3rd metaearpal is another 
eommon site for such a eyst. A eystie swelling of the eommon 
flexor synovial sheath on the anterior aspeet of the wrist ean 
enlarge enongh to prodnee eompression of the median nerve by 
narrowing the earpal tnnnel {earpal tnnnel syndrome). This 
syndrome prodnees pain and paresthesia in the sensory distri- 
bntion of the median nerve and elnmsiness of flnger move- 
ments (see the blue box “Garpal Tunnel Syndrome” on p. 790). 


Connnnunicating 
braneh from 
the musculo- 


cutaneous nerve 


Bieeps 



Braehial 

artery 

High division of 
braehiai artery 


Median 

nerve 


Radial 


Medial 

epieondyle 


FIGURE B6.22. 
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FIGURE B6.21. 


High Division of Braehial Artery 

Sometimes the braehial artery divides at a more prox- 



imal level than usual. In this ease, the ulnar and radial 
arteries begin in the snperior or middle part of the 
arm, and the median nerve passes between them. The muscu- 
locutaneous and median nerves eommonly eommnnieate as 
shown in Fignre B6.22. 


Snperfieial IJlnar Artery 



In approximately 3% of people, the ulnar artery 
deseends snperfleial to the flexor mnseles (Fig. B6.23). 
Pnlsations of a snperfleial ulnar artery ean be felt and 
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FIGURE B6.23. 
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may be visible. This variation mnst be kept in mind when per- 
forming veneseetions for withdrawing blood or making intrave- 
nons injeetions. If an aberrant nlnar artery is mistaken for a 
vein, it may be damaged and prodnee bleeding. If eertain dmgs 
are injeeted into the aberrant artery the resnlt eonld be fatal. 



Measuring Pulse Rate 

The eommon plaee for measnring the pnlse rate is 
where the radial artery lies on the anterior snrfaee of 
the distal end of the radins, lateral to the tendon of 
the FCR. Here the artery is eovered by only faseia and skin. 
The artery ean be eompressed against the distal end of the 
radins, where it lies between the tendons of the FCR and APL. 
When measnring the radial pnlse rate, the pnlp of the thnmb 
shonld not be nsed beeanse it has its own pnlse, whieh eonld 
obsenre the patient’s pnlse. If a pnlse eannot be felt, try the 
other wrist beeanse an aherrant radial artery on one side may 
make the pnlse diffìenlt to palpate. A radial pnlse may also be 
felt by pressing lightly in the anatomieal snnff box. 


Varìations ìn Orìgìn of Radìal Artery 

The origin of the radial artery may be more proxi- 
mal than nsnal; it may be a braneh of the axillary 
arteryorthebraehialartery (Fig. R6.22). Sometimes 
the radial artery is snperfìeial to the deep faseia instead of 
deep to it. When a snperfìeial vessel is pnlsating near the 
wrist, it is probably a snperfìeial radial artery. The aberrant 
vessel is vnlnerable to laeeration. 




Inability to flex distal 
interphalangeal joint of 
index finger 



Inability to flex 
digits two and three 
into a eompaet fist 


(A) Dlnar nerve palsy 



Normal “ok” sign 


Abnormal “pineh” sign 


Median Nerve Injuxy 

When the median nerve is severed in the elbow 
region, fìexion of the proximal interphalangeal joints 
of the lst-3rd digits is lost and fìexion of the 4th and 
5th digits is weakened. Flexion of the distal interphalangeal 
joints of the 2nd and 3rd digits is also lost. Flexion of the distal 
interphalangeal joints of the 4th and 5th digits is not affeeted 
beeanse the medial part of the FDP, whieh prodnees these 
movements, is snpplied by the nlnar nerve. The ability to fìex 
the metaearpophalangeal joints of the 2nd and 3rd digits is 
affeeted beeanse the digital branehes of the median nerve snp- 
ply the Ist and 2nd inmbrieals. Thns, when the person attempts 
to make a fìst, the 2nd and 3rd fìngers remain partially extended 
(“hand of benedietion”) (Fig. R6.24A). Thenar mnsele fnnetion 
(fnnetion of the mnseles at the base of the thnmb) is also lost, 
as in earpal tnnnel syndrome (see the blne box “Carpal Tnnnel 
Syndrome” on p. 790). When the anterior interosseons nerve is 
injnred, the thenar mnseles are nnaffeeted, bnt paresis (partial 
paralysis) of the fìexor digitornm profnndns and fìexor pollieis 
longns oeenrs. When the person attempts to make the “okay” 
sign, opposing the tip of the thnmb and index fìnger in a eirele, 
a “pineh” postnre of the hand resnlts instead owing to the 
absenee of fìexion of the interphalangeal joint of the thnmb and 
distal interphalangeal joint of the index fìnger (anterior inter- 
osseons syndrome) (Fig. R6.24R). 


(B) Anterior interosseous syndrome 

FIGIJRE B6.24. Medían nerve injury (palsy). A. Testing for median 
nerve palsy. B. Testing for anterior interosseous syndrome. 

Pronator Syndrome 

Pronator syndrome, a nerve entrapment syndrome, 
is eansed by eompression of the median nerve near 
the elbow. The nerve may be eompressed between 
the heads of the pronator teres as a resnlt of tranma, mnsenlar 
hypertrophy, or fìbrons bands. Individnals with this syndrome 
are fìrst seen elinieally with pain and tendemess in the proximal 
aspeet of the anterior forearm, and hypesthesia (deereased 
sensation) of palmar aspeets of the radial three and half digits 
and adjaeent palm (Fig. R6.25). Symptoms often follow aetivi- 
ties that involve repeated pronation. 

Communìcations Between Median 
and IJlnar Nerves 

Oeeasionally, eommnnieations oeenr between the 
median and the nlnar nerves in the forearm. These 
branehes are nsnally represented by slender nerves, 
bnt the eommnnieations are important elinieally beeanse even 
with a eomplete lesion of the median nerve, some mnseles may 
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not be paralyzed. This may lead to an erroneons eonelnsion that 
the median nerve has not been damaged. 



Injury of IJlnar Nerve at Elbow 
and ìn Forearm 

More than 27% of nerve lesions of the npper limb 
affeet the nlnar nerve (Rovvland, 2010). Ulnar nerve 
injnries nsnally oeenr in fonr plaees: (1) posterior to 
the medial epieondyle of the hnmerns, (2) in the enbital tnnnel 
formed by the tendinons areh eonneeting the hnmeral and 
nlnar heads of the FCU, (3) at the vvrist, and (4) in the hand. 

JJlnar nerve injnry oeenrs most eommonly vvhere the 
nerve passes posterior to the medial epieondyle of the 
hnmerns (Fig. B6.26). The injnry resnlts when the medial 
part of the elbow hits a hard snrfaee, fraetnring the medial 
epieondyle (“fnnny bone”)- Any lesion snperior to the medial 
epieondyle will prodnee paresthesia of the median part of 
the dorsnm of the hand. Gompression of the nlnar nerve at 
the elbow {enhital tnnnel syndrome) is also eommon (see the 
blne box “Gnbital Tnnnel Syndrome” on p. 770). Ulnar nerve 
injnry nsnally prodnees nnmbness and tingling (paresthesia) 
of the medial part of the palm and the medial one and a half 
fìngers (Fig. B6.27). Plnek yonr nlnar nerve at the posterior 
aspeet of yonr elbow with yonr index fìnger and yon may 
feel tingling in these fìngers. Severe eompression may also 
prodnee elbow pain that radiates distally. Uncommonly, the 
nlnar nerve is eompressed as it passes throngh the nlnar eanal 
(see the blne box “Ulnar Ganal Syndrome” on p. 792). 

Ulnar nerve injnry ean resnlt in extensive motor and sen- 
sory loss to the hand. An injnry to the nerve in the distal part 
of the forearm denervates most intrinsie hand mnseles. Power 
of wrist addnetion is impaired, and when an attempt is made 
to fìex the wrist joint, the hand is drawn to the lateral side by 
the FCR (snpplied by the median nerve) in the absenee of 
the “balanee” provided by the FCU. After nlnar nerve injnry, 
the person has diffìenlty making a fìst beeanse, in the absenee 
of opposition, the metaearpophalangeal joints beeome hyper- 
extended, and he or she eannot fìex the 4th and 5th digits at 
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FIGITRE B6.26. Vulnerable posìtìon of ulnar nerve. 


the distal interphalangeal joints when trying to make a fìst. 
Fnrthermore, the person eannot extend the interphalangeal 
joints when trying to straighten the fìngers. This eharaeter- 
istie appearanee of the hand, resnlting from a distal lesion of 
the nlnar nerve, is known as elato hand {main en griffe). The 
deformity resnlts from atrophy of the interosseons mnseles 
of the hand snpplied by the nlnar nerve. The claw is pro- 
dneed by the nnopposed aetion of the extensors and FDP. 
For a deseription of nlnar nerve injnry at the wrist, see the 
blne box “Ulnar Canal Syndrome” on p. 792). 
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FIGIJRE B6.27. Claw hand and sensoiy dìstrìbutìon of ulnar nerve. 
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Cubital Tunnel Syndrome 

The ulnar nerve may be eompressed {nlnar nerve 
entrapment) in the enbital tnnnel formed by the ten- 



dinons areh joining the hnmeral and nlnar heads of 
attaehment of the FCU (Fig. 6.59; Table 6.10). The signs and 
symptoms of enhital tnnnel syndrome are the same as an nlnar 
nerve lesion in the nlnar groove on the posterior aspeet of the 
medial epieondyle of the hnmems. 



Injury of Radial Nerve in Forearm 
(Snperfieial or Deep Branehes) 

The radial nerve is nsnally injnred in the arm by a 
fraetnre of the hnmeral shaft. This injnry is proximal 
to the motor branehes to the long and short extensors 
of the vvrist from the (eommon) radial nerve, and so vorist-drop 
is the primary elinieal manifestation of an injnry at this level (see 
the blne box 'Tnjnry to the Radial Nerve in Arm” on p. 743). 

Injnry to the deep braneh of the radial nerve may oeenr 
when wounds of the posterior forearm are deep (penetrat- 
ing). Severanee of the deep braneh resnlts in an inability to 
extend the thnmb and the metaearpophalangeal (MP) joints 
of the other digits. Thns the integrity of the deep braneh may 
be tested by asking the person to extend the MP joints while 
the examiner provides resistanee (Fig. B6.28). If the nerve is 
intaet, the long extensor tendons shonld appear prominently 
on the dorsnm of the hand, eonfirming that the extension is 
oeenrring at the MP joints rather than at the interphalangeal 
joints (movements nnder the eontrol of other nerves 


Loss of sensation does not oeenr beeanse the deep 
braneh of the radial nerve is entirely mnsenlar and artien- 
lar in distribntion. See Table 6.13 to determine the mnseles 
that are paralyzed (e.g., extensor digitornm) when this nerve 
is severed. 

When the snperfìeial braneh of the radial nerve, a entane- 
ons nerve, is severed, sensory loss is nsnally minimal. Com- 
monly, a eoin-shaped area of anesthesia oeenrs distal to the 
bases of the Ist and 2nd metaearpals. The reason the area 
of sensory loss is less than expected, given the areas high- 
lighted in Fignre 6.69D, is the resnlt of the eonsiderable 
overlap from entaneons branehes of the median and nlnar 
nerves. 



FIGIJRE B6.28. Testìng radìal nerve. 


The Bottom Lìne 


FOREARM 

Moseles of anterìor eompartnnent of forearm: The super- 
fieial and intermediate muscles of the anterior (fìexor-prona- 
tor) eompartment of the forearm are loeated anteromedially 
because they arise mainly from the eommon fìexor attaeh- 
ment (medial epieondyle and supra-epicondylar ridge) of the 
humerus. ♦ Muscles in the superfìcial layer “bend” the wrist 
to position the hand (i.e., fìex the wrist when aeting exclusively 
and abduct or adduct the wrist when working with their exten- 
sor counterparts) and assist pronation. ♦ The only muscle of 
the intermediate layer (FDS) primarily fìexes the proximal joints 
of 2nd-5th digits. ♦ Muscles of the deep layer attaeh to the 
anterior aspeets of the radius and ulna, fìex all (but espeeially 
the distal) joints of all five digits, and pronate the forearm. 

♦ The muscles ofthe anterior eompartment are innervated 
mostly by the median nerve, but one and a half muscles (the 
FCU and ulnar halfofthe FDP) are innervated by the ulnar 
nerve. ♦ Flexion ofthe wrist and hand is used for grasping, 
gripping, and drawing things toward one self. ♦ Pronation is 


used for positioning the hand to manipulate or piek things up. 
Both movements are basie proteetive (defensive) movements. 

Muscles of posterìor eompartnnent of forearm: The 
extensor-supinator muscles ofthe posterior eompartment 
of the forearm are loeated posterolaterally in the proximal 
forearm, and are innervated by the radial nerve. ♦ The supina- 
tor aets at the radio-ulnar joint, while the remaining muscles 
extend and abduct the hand at the wrist joint and the thumb. 
The ECU may also contribute to adduction of the hand. ♦ The 
extensor muscles beeome tendinous in the distal forearm, and 
pass deep to the extensor retinaculum in osseofibrous tunnels. 

♦ Tendons passing to the medial 4 digits are involved in eom- 
plex extensor expansions on the dorsal aspeets of the fingers. 

♦ Extension (“eoeking”) of the wrist is important in enabling 

the fìexors of the fingers to grip tightly or make a fist. 

Superfìcìal veìns and cutaneous nerves of 

forearm: Well-developed subcutaneous veins course in the sub- 
cutaneous tissue of the forearm. These veins are subject to great 
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variation. ♦ Onee they have penetrated the deep faseia, cutane- 
ous nerves run independently of the veins in the subcutaneous 
tissue, where they remain eonstant in loeation and size, with 
lateral, medial, and posterior cutaneous nerves ofthe forearm 
supplying the aspeets of the forearm deseribed by their names. 

Neurovascular bundles of forearm: Three major 
(radial, median or middle, and ulnar) and two minor (anterior 
and posterior interosseous) neurovascular bundles occur deep 
to the antebraehial faseia. ♦ The radial neurovascular bundle— 
eontaining the radial artery, aeeompanying veins, and superfi- 
eial radial nerve—courses along and defines the border between 
the anteriorand the posterior forearm eompartments (the 
vascular structures serving both) deep to the braehioradialis. 

♦ The middle (median nerve and variable median artery and 
veins) and ulnar (ulnar nerve, artery, and aeeompanying veins) 
bundles course in afaseial plane between the intermediate 


and the deep flexor muscles. The median nerve supplies most 
muscles in the anterior eompartment, many via its anterior 
interosseous braneh, which courses on the interosseous mem- 
brane. ♦ The ulnar nerve supplies the one and a half excep- 
tions (FCU and ulnar half of the FDP). ♦ The deep radial nerve 
penetrates the supinator to Join the posterior interosseous 
artery in the plane between the superficial and the deep exten- 
sors. This nerve supplies all the muscles arising in the posterior 
eompartment. ♦ The flexor muscles of the anterior eompart- 
ment have approximately twice the bulk and strength of the 
extensor muscles of the posterior eompartment. This, and the 
faet that the flexor aspeet of the limb is the more proteeted 
aspeet, accounts for the major neurovascular structures being 
loeated in the anterior eompartment, with only the relatively 
small posterior interosseous vessels and nerve in the posterior 
eompartment. 


HAND 


The hand is the manual part of the upper limb distal to the 
forearm. The wrist is loeated at the junetion of the forearm 
and hand. Onee positioned at the desired height and loeation 
relative to the body by movements at the shonlder and elbow, 
and the direetion of aetion is established by pronation and 
snpination of the forearm, the working position or attitnde 
(tilt) of the hand is adjnsted by movement at the wrist joint. 

The skeleton of the hand (Fig. 6.9) eonsists of earpals in 
the wrist, metaearpals in the hand proper, and phalanges in 
the digits (fìngers). The digits are nnmbered from one to fìve, 
beginning with the thumb: digit 1 is the thumb; digit 2, the 
index fìnger; digit 3, the middle fìnger; digit 4, the ring fìnger; 
and digit 5, the little fìnger. The palmar aspeet of the hand 
featnres a eentral eoneavity that, with the erease proximal to 
it (over the wrist bones) separates two eminenees: a lateral, 
larger and more prominent thenar eminenee at the base of 
the thumb, and a medial, smaller hypothenar eminenee 
proximal to the base of the 5th fìnger (Fig 6.72A). 

Beeanse of the importanee of manual dexterity in oceu- 
pational and reereational aetivities, a good nnderstanding of 
the structure and hmetion of the hand is essential for all per- 
sons involved in maintaining or restoring its aetivities: free 
motion, power grasping, preeision handling, and pinehing. 

The power grip (palm grasp) refers to foreible motions 
of the digits aeting against the palm; the fìngers are wrapped 
around an objeet with counterpressure from the thumb—for 
example, when grasping a eylindrieal structure (Fig. 6.73A). 
The power grip involves the long fìexor mnseles to the digits 
(aeting at the interphalangeal joints), the intrinsie mnseles 
in the palm (aeting at the metaearpophalangeal joints), and 
the extensors of the wrist (aeting at the radioearpal and mid- 
earpal joints). The “eoeking” of the wrist by the extensors 


inereases the distanee over which the fìexors of the fìngers 
aet, prodneing the same result as a more eomplete muscular 
eontraetion. Gonversely, as fìexion inereases at the wrist, the 
grip beeomes weaker and more inseenre. 

The hook grip is the postnre of the hand that is used 
when earrying a briefease (Fig. 6.73B). This grip eonsnmes 
less energy, involving mainly the long fìexors of the digits, 
which are fìexed to a varying degree, depending on the size 
of the objeet that is grasped. 

The preeision handling grip involves a ehange in the 
position of a handled objeet that requires fìne eontrol of the 
movements of the digits (fìngers)—for example, holding a pen- 
eil, manipnlating a eoin, threading a needle, or bnttoning a 
shirt (Fig. 6.73C & D). In a preeision grip, the wrist and digits 
are held fìrmly by the long fìexor and extensor mnseles, and the 
intrinsie hand mnseles perform fìne movements of the digits. 

Pinehing refers to eompression of something between 
the thumb and the index fìnger—for example, handling a 
teacup or holding a eoin on edge (Fig. 6.73E)—or between 
the thumb and the adjaeent two fìngers—for example, snap- 
ping the fìngers. 

The position of rest is assnmed by an inaetive hand— 
for example, when the forearm and hand are laid on a table 
(Fig. 6.73F). This position is often used when it is neees- 
sary to immobilize the wrist and hand in a east to stabilize a 
fraetnre. 

Faseia and Compartments of Palm 

The faseìa of the palm is continuous with the antebraehial 
faseia and the faseia of the dorsum of the hand (Fig. 6.58). 
The palmar faseia is thin over the thenar and hypothenar 
eminenees, as thenar and hypothenar faseia, respeetively 
(Figs. 6.74A and 6.75A). However, the palmar faseia is thiek 
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(A) Lateral view; Power grip 




(B) Anteromedial view; Hook grip 


(C) Medial view; Preeision handling grip 



(D) Medial view; Preeision grip (E) Medial view; Fingertip pineh 



(F) Medial view; Position of rest 



(G) Anterior view; Loose grip 



(H) Anterior view; Firm grip 


FIGIJRE 6.73. Functional positions of hand. A. In the povvergrip, vvhen graspingan objeet, the metaearpophalangeal (MP) and interphalangeal (IP) 
Joints are fìexed, but the radioearpal and midearpal Joints are extended. “Goeking” (extension of) the v\/rist inereases the distanee over vvhieh the fìexor ten- 
dons aet, inereasing tension of the long fìexor tendons beyond that produced by maximal eontraetion of the muscles alone. B. The hook grip (fìexion of the 
IPJoints ofthe 2nd-4th digits) resists gravitational (dovvnvvard) pull vvith only digital fìexion. C. The preeision grip is used vvhen vvriting. D and E. One uses 
the preeision grip to hold a eoin to enable manipulation (D) and when pinehing an objeet (E). F. Casts for fractures are applied most often vvith the hand 
and vvrist in the position of rest. Note the mild extension of the vvrist. G and H. When gripping an unattached rod loosely (G) or fìrmly (H), the 2nd and 3rd 
earpometaearpal Joints are rigid and stable, but the 4th and 5th are saddlejoints permitting fìexion and extension. The inereased fìexion ehanges the angle of 
the rod during the fìrm grip. 
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continuous with the fibrons digital sheaths (Figs. 6.58 and 
6.74). The fibrous digital sheaths are ligamentons tnbes 
that enelose the synovial sheaths, the snperfieial and deep 
fiexor tendons, and the tendon of the FPL in their passage 
along the palmar aspeet of their respeetive fingers. 

A medial fibrous septum extends deeply from the 
medial border of the palmar aponenrosis to the 5th metaear- 
pal (Fig. 6.75A). Medial to this septnm is the medial or hypo- 
thenar eompartment, eontaining the hypothenar mnseles 
and bonnded anteriorly by the hypothenar faseia. Similarly, 
a lateral fibrons septnm extends deeply from the lateral 
border of the palmar aponenrosis to the 3rd metaearpal. Lat- 
eral to this septnm is the lateral or thenar eompartment, 
eontaining the thenar mnseles and bonnded anteriorly by the 
thenar faseia. 

Between the hypothenar and thenar eompartments is the 
eentral eompartment, bonnded anteriorly by the palmar 
aponenrosis and eontaining the fiexor tendons and their 
sheaths, the inmbrieals, the snperfieial palmar arterial areh, 
and the digital vessels and nerves. 

The deepest mnsenlar plane of the palm is the addnetor 
eompartment eontaining the addnetor pollieis. 

Between the fiexor tendons and the faseia eovering the 
deep palmar mnseles are two potential spaees, the thenar 
spaee and the midpalmar spaee (Fig. 6.75). The spaees 
are bonnded by fibrons septa passing from the edges of the 
palmar aponenrosis to the metaearpals. Between the two 
spaees is the espeeially strong lateral jìhrons septnm, whieh 
is attaehed to the 3rd metaearpal. Althongh most faseial eom- 
partments end at the joints, the midpalmar spaee is eontinn- 
ons with the anterior eompartment of the forearm via the 
earpal tnnnel. 


(A) Palmar view 

FIGITRE 6.74. Palmar faseia and fibrous digital sheaths. A. The pal- 
mar faseia is continuous vvith the antebraehial faseia. The thin thenar and 
hypothenar faseia eovers the intrinsie muscles of the thenar and hypothenar 
eminenees, respeetively. Betvveen the thenar and the hypothenar muscle 
masses, the eentral eompartment ofthe palm is roofed by the thiek palmar 
aponeurosis. B. A transverse seetion of the 4th digit (proximal phalanx 
level). VVithin the fibrous digital sheath and proximal to its attaehment to 
the base of the middle phalanx, the FDS tendon has split into tvvo parts to 
allovv continued eentral passage of the FDP tendon to the distal phalanx. 


eentrally where it forms the fibrons palmar aponenrosis, and 
in the fingers where it forms the digital sheaths. The palmar 
aponeurosis, a strong, well-defined part of the deep faseia 
of the palm, eovers the soft tissnes and overlies the long fiexor 
tendons. The proximal end or apex of the triangnlar palmar 
aponenrosis is eontinnons with the fiexor retinaenlnm and 
the palmaris longns tendon. 

When the palmaris longns is present, the palmar aponen- 
rosis is the expanded tendon of the palmaris longns. Distal 
to the apex, the palmar aponenrosis forms fonr longitndinal 
digital bands or rays that radiate from the apex and attaeh 
distally to the bases of the proximal phalanges and beeome 


Muscles of Hand 

The intrinsie mnseles of the hand are loeated in five eompart- 

ments (Fig. 6.75A): 

1. Thenar mnseles in the thenar eompartment: abdnetor pol- 
lieis brevis, fiexor pollieis brevis, and opponens pollieis. 

2. Addnetor pollieis in the addnetor eompartment. 

3. Hypothenar mnseles in the hypothenar eompartment: 
abdnetor digiti minimi, fiexor digiti minimi brevis, and 
opponens digiti minimi. 

4. Short mnseles of the hand, the inmbrieals, in the eentral 
eompartment with the long fiexor tendons. 

5. The interossei in separate ìnterosseons eompartments 
between the metaearpals. 


THENAR MUSCLES 

The thenar muscles form the thenar eminenee on the lat- 
eral snrfaee of the palm (Fig. 6.72A) and are ehiefiy respon- 
sible for opposition of the thnmb. Movement of the thnmb 
is important for the preeise aetivities of the hand. The high 
degree of freedom of the movements resnlts from the Ist 
metaearpal being independent, with mobile joints at both 
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FIGIJRE 6.75. Compartments, spaees, and faseìa of palm. A. Transverse seetion through the middle ofthe palm illustrating the faseial eompartments of 
the hand. B. Thenar and midpalmar spaees. The midpalmar spaee underlies the eentral eompartment ofthe palm and is related distally to the synovial tendon 
sheaths of the 3rd-5th digits and proximally to the eommon fìexor sheath as it emerges from the earpal tunnel. The thenar spaee underlies the thenar eom- 
partment and is related distally to the synovial tendon sheath of the index fìnger and proximally to the eommon fìexor sheath distal to the earpal tunnel. 


ends. Several mnseles are reqmred to eontrol the freedom of 

thnmb movements (Fig. 6.76): 

• Extension: extensor pollieis longns, extensor pollieis bre- 
vis, and abdnetor pollieis longns. 

• Flexion: flexor pollieis longns and flexor pollieis brevis. 

• Ahdnetion: abdnetor pollieis longns and abdnetor pollieis 
brevis. 

• Addnetion: addnetor pollieis and Ist dorsal interosseons. 

• Opposition: opponens pollieis. This movement oeenrs at 
the earpometaearpal joint and resnlts in a “enpping” of 
the palm. Bringing the tip of the thnmb into eontaet with 
the 5th flnger, or any of the other flngers, involves eon- 
siderably more movement than ean be prodneed by the 
opponens pollieis alone. 


The flrst fonr movements of the thnmb oeenr at the ear- 
pometaearpal and metaearpophalangeal joints. Opposition, 
a eomplex movement, begins with the thnmb in the extended 
position and initially involves abdnetion and medial rotation 
of the Ist metaearpal (enpping the palm) prodneed by the 
aetion of the opponens pollieis at the earpometaearpal joint 
and then flexion at the metaearpophalangeal joint (Fig. 6.76). 
The reinforeing aetion of the addnetor pollieis and FPL 
inereases the pressnre that the opposed thnmb ean exert on 
the flngertips. In pulp-to-pulp opposition, movements of the 
flnger opposing the thnmb are also involved. 

The thenar mnseles are illnstrated in Fignre 6.77; their 
attaehments are shown in Fig. 6.78A; and their attaehments, 
innervations, and main aetions are snmmarized in Table 6.14. 



Abduction Adduction Extension Flexion Opposition Reposition 


FIGIJRE 6.76. Movements of thumb. The thumb is rotated 90° to the other digits. (This ean be eonfìrmed by noting the direetion the nail of the thumb 
faees eompared vvith the nails of the other fìngers.) Thus abduction and adduction occur in a sagittal plane and fìexion and extension occur in a eoronal 
plane. Opposition, the aetion bringing the tip of the thumb in eontaet vvith the pulps of the other fìngers (e.g., vvith the little fìnger), is the most complex 
movement. The eomponents of opposition are abduction and medial rotation at the earpometaearpal joint and fìexion of the metaearpophalangeal joint. 
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FIGIJRE 6.77. Superficìal dìsseetìons of right palm. The skin and subcutaneous tissue have been removed, as have most ofthe palmar aponeurosis and 
the thenar and hypothenar faseiae. A. The superficial palmar areh is loeated immediately deep to the palmar aponeurosis, superficial to the long fìexor 
tendons. This arterial areh gives rise to the eommon palmar digital arteries. In the digits, a digital artery (e.g., radialis indieis) and nerve lie on the medial and 
lateral sides of the fibrous digital sheath. The pisiform bone proteets the ulnar nerve and artery as they pass into the palm. B. Three thenar and three hypo- 
thenar muscles attaeh to the fìexor retinaculum and to the four marginal earpal bones united by the retinaculum. 
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FIGIJRE 6.78. Attaehments of ìntrìnsìe muscles of hand and aetìons of ìnterosseì. 


TABLE 6.14. INTRINSIG MUSCLES OF HAND 


Muscle 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Thenar muscles 

Opponens pollieis 

Flexor retinaculum and 
tubercles of seaphoid and 
trapezium 

Lateral side of 

Ist metaearpal 

Recurrent braneh of 
median nerve (C8, Tl) 

To oppose thumb, itdravvs Ist 
metaearpal medially to eenter of 
palm and rotates itmedially 

Abductor pollieis 
brevis 

Lateral side of base 
of proximal phalanx 
of thumb 

Abducts thumb; helps oppose it 

Flexor pollieis 
brevis 

Flexes thumb 

Superficial head 

Deep head 

Deep braneh of ulnar 
nerve (C8, Tl) 

Adductor pollieis 



Adducts thumb tovvard lateral 
borderof palm 

Oblique head 

Bases of 2nd and 3rd meta- 
earpals, eapitate, and adja- 
eentearpals 

Medial side of base 
of proximal phalanx 
of thumb 

Transverse head 

Anterior surface of shaft of 

3rd metaearpal 


(continued) 
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TABLE 6.14. INTRINSIG MUSCLES OF HAND (Contìnued) 


.. -- -- ■■‘-1 

1 

Muscle 

1 

$ 

Proximal Attaehment 

Distal Attaehment 

Innervation^ 

Main Aetion 

Hypothenar muscles 

Abductor digiti 
minimi 

Pisiform 

Medial side of base 
of proximal phalanx 
of 5th digit 

Deep braneh of ulnar 
nerve (C8, Tl) 

Abducts 5th digit; assists in flexion 
of its proximal phalanx 

Flexor digiti min- 
imi brevis 

Hook of hamate and flexor 
retinaculum 

Flexes proximal phalanx of 

5th digit 

Opponens digiti 

Medial border of 5th 
metaearpal 

Draws 5th metaearpal anteriorand 
rotates it, bringing 5th digitinto 
opposition with thumb 

Short muscles 

Lumbricals 





Istand 2nd 

Lateral two tendons of flexor 
digitomm profundus (as uni- 
pennate muscles) 

Lateral sides of 
extensor expan- 
sions of 2nd-5th 
digits 

Median nerve (C8, Tl) 

Flex metaearpophalangeal joints; 
extend interphaiangeal joints of 
2nd-5th digits 

3rd and 4th 

Medial three tendons of flexor 
digitorum profundus (as 
bipennate muscles) 

Deep braneh of ulnar 
nerve (C8, Tl) 

Dorsal interossei, 
Ist- 4th 

Adjaeentsides of two 
metaearpals (as bipennate 
muscles) 

Bases of proximal 
phalanges; extensor 
expansions of 2nd- 
4th digits 

Abduct 2nd-4th digits from axial 
line; actwith lumbricals in flexing 
metaearpophalangeal joints and 
extending interphalangeal joints 

Palmar interossei, 
Ist- 3rd 

Palmar surfaces of 2nd, 4th, 
and 5th metaearpals (as uni- 
pennate muscles) 

Bases of proximal 
phalanges; extensor 
expansions 
of 2nd, 4th, and 

5th digits 

Adduct2nd, 4th, and 5th digits 
toward axial line; assist lumbricals 
in flexing metaearpophalangeal 
joints and extending interphalan- 
geal joints; extensor expansions of 
2nd-4th digits 


^The spinal eord segmental innervation is indieated (e.g., "C8, Tl" means thatthe nerves sopplying the opponens pollieis are derived from the eighth eervieal seg- 
mentand firstthoraeie segmentofthe spinal eord). Nombers in boldfaee (C8) indieate the main segmental innervation. Damage to one or more of the listed spinal 
eord segments or to the motor nerve roots arising from them resolts in paralysis of the moseles eoneerned. 


Abductor Pollìeis Brevis. The abductor pollieis 

brevis (APB), the short abductor of the thumb, forms the 
anterolateral part of the thenar eminenee. In addition to 
abdneting the thumb, the APB assists the opponens pollieis 
dnring the early stages of opposition by rotating its proximal 
phalanx slightly medially. 

To test the ahdnetor pollieis hrevis, abdnet the thumb 
against resistanee. If aeting normally, the mnsele ean be seen 
and palpated. 

Flexor Pollieis Brevis. The flexor pollieis brevis 

(FPB), the short flexor of the thumb, is loeated medial to the 
APB (Fig. 6.77A). Its two bellies, loeated on opposite sides of 
the tendon of the FPL, share (with eaeh other and often with 
the APB) a eommon, sesamoid-eontaining tendon at their 
distal attaehment. The bellies usually differ in their innerva- 
tion: The larger snperfleial head of the FPB is innervated 
by the reenrrent braneh of the median nerve, whereas the 
smaller deep head is usually innervated by the deep palmar 
braneh of the ulnar nerve. The FPB flexes the thumb at the 
earpometaearpal and metaearpophalangeal joints and aids in 
opposition of the thumb. 


To test theflexorpollicis hrevis, flex the thumb against resis- 
tanee. If aeting normally, the mnsele ean be seen and palpated; 
however, keep in mind that the FPL also flexes the thumb. 

Opponens Pollíeis. The opponens pollieis is a quad- 
rangular muscle that lies deep to the APB and lateral to the 
FPB (Fig. 6.77B). The opponens pollieis opposes the thumb, 
the most important thumb movement. It flexes and rotates 
the Ist metaearpal medially at the earpometaearpal joint dur- 
ing opposition; this movement oeenrs when pieking up an 
objeet. Dnring opposition, the tip of the thumb is brought 
into eontaet with the pulp (pad) of the little flnger, as shown 

in Fignre 6.76. 

ADDUCTOR POLLieiS 

The addnetor pollieis is loeated in the addnetor eompart- 
ment of the hand (Fig. 6.75A). The fan-shaped mnsele has 
two heads of origin, which are separated by the radial artery as 
it enters the palm to form the deep palmar areh (Figs. 6.77A 
and 6.79). Its tendon usually eontains a sesamoid bone. The 
addnetor pollieis addnets the thumb, moving the thumb to 
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Proper palmar digital arteries 


eommon palmar digital arteries 
Palmar metaearpal arteries 


Digiti minimi 


Abdoetor 


Flexor brevis 


Opponens 


Extensor earpi olnaris 


Branehes of ulnar artery 


Deep palmar areh 


Pisohamate ligament 


Dlnar n. & a. emerging 
from Guyon eanal 


Dlnar artery 


Palmar earpal areh 


Palmaris longus 



Radialis indieis artery 


Adductor pollieis 


Abductor brevis 
Flexor brevis 

Opponens 


Pollieis 


Recurrent braneh of deep palmar areh 
Trapezium 


Superficial palmar braneh 


Flexor digitorum profundus 


Palmar earpal braneh 
Flexor pollieis longus 


Flexor digitorum superficialis 


Flexor earpi ulnaris 


Median nerve 


Flexor earpi radialis 

Radial artery 


FIGIJRE 6.79. Muscles and arteries of dístal forearm and deep palm. Deep disseetion ofthe palm revealingthe anastomosis ofthe palmar earpal braneh 
ofthe radial artery vvith the palmar earpal braneh ofthe ulnar artery to form the palmar earpal areh and the deep palmar areh. The deep palmar areh lies at 
the level of the bases of the metaearpal bones, 1.5-2 em proximal to the superficial palmar areh. 


the palm of the hand (Fig. 6.76), thereby giving power to the 
grip (Fig. 6.73G & H). 

HYPOTHENAR MUSCLES 

The hypothenar mnseles (abdnetor digiti minimi, flexor 
digiti minimi brevis, and opponens digiti minimi) prodnee 
the hypothenar eminenee on the medial side of the palm 
and move the little flnger (Fig. 6.87). These mnseles are 
in the hypothenar eompartment with the 5th metaearpal 
(Figs. 6.75A and 6.77). The attaehments are illnstrated in 
Fignre 6.78A, and their attaehments, innervations, and 
main aetions of the hypothenar mnseles are snmmarized 
in Table 6.14. 

Abductor Dígití Minimi. The ahductor digiti minimi 

is the most snperfleial of the three mnseles forming the hypo- 
thenar eminenee. The abdnetor digiti minimi abdnets the 5th 
flnger and helps flex its proximal phalanx. 

Flexor Digiti Minimi Brevis. The flexor digiti minimi 

hrevis is variable in size; it lies lateral to the abdnetor digiti 
minimi. The flexor digiti minimi brevis flexes the proximal 
phalanx of the 5th flnger at the metaearpophalangeal joint. 


Opponens Dígíti Minimi. The opponens digiti min- 

imi is a quadrangular mnsele that lies deep to the abdne- 
tor and flexor mnseles of the 5th flnger. The opponens digiti 
minimi draws the 5th metaearpal anteriorly and rotates it lat- 
erally, thereby deepening the hollow of the palm and bring- 
ing the 5th flnger into opposition with the thnmb (Fig. 6.76). 
Like the opponens pollieis, the opponens digiti minimi aets 
exclusively at the earpometaearpal joint. 

Palmarís Brevìs. The palmaris brevis is a small, thin 
mnsele in the snbentaneons tissne of the hypothenar emi- 
nenee (Figs. 6.74A and 6.77A); it is not in the hypothenar 
eompartment. The palmaris brevis wrinkles the skin of the 
hypothenar eminenee and deepens the hollow of the palm, 
thereby aiding the palmar grip. The palmaris brevis eovers 
and proteets the nlnar nerve and artery. It is attaehed proxi- 
mally to the medial border of the palmar aponenrosis and to 
the skin on the medial border of the hand. 

SHORT MUSCLES OF HAND 

The short mnseles of the hand are the inmbrieals and inter- 

ossei (Fig. 6.78C-E; Table 6.14). 
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Lumbrìcals. The four slender lumbrieal mnseles were 
named beeanse of their worm-like form (L. lumhricus, 
earthworm) (Figs. 6.77B and 6.78C). The inmbrieals flex 
the flngers at the metaearpophalangeal joints and extend the 
interphalangeal joints. 

To test the lumhrical muscles, with the palm faeing superi- 
orly the patient is asked to flex the metaearpophalangeal (MP) 
joints while keeping the interphalangeal joints extended. The 
examiner nses one flnger to apply resistanee along the pal- 
mar snrfaee of the proximal phalanx of digits 2-5 individn- 
ally. Resistanee may also be applied separately on the dorsal 
snrfaee of the middle and distal phalanges of digits 2-5 to test 
extension of the interphalangeal joints, also while flexion of 
the MP joints is maintained. 

Interosseì. The fonr dorsal interosseous maseles 

(dorsal interossei) are loeated between the metaearpals; 
the three palmar interosseoas mnseles (palmar interos- 
sei) are on the palmar snrfaees of the metaearpals in the 
interosseous eompartment of the hand (Fig. 6.75A). The 
Ist dorsal interosseons mnsele is easy to palpate; oppose 
the thnmb flrmly against the index flnger and it ean be 
easily felt. Some anthors deseribe four palmar interossei; in so 
doing, they are ineluding the deep head of the FPB because 
of its similar innervation and plaeement on the thnmb. The 
fonr dorsal interossei abduct the flngers, and the three pal- 
mar interossei adduct them (Fig. 6.78D & E; Table 6.14). 

A mnemonie deviee is to make aeronyms of dorsal abdnet 
(DAB) and palmar aduct (PAD). Aeting together, the dorsal 
and palmar interossei and the inmbrieals prodnee flexion at 
the metaearpophalangeal joints and extension of the inter- 
phalangeal joints (the so-ealled Z-movement). This oeenrs 
beeanse of their attaehment to the lateral bands of the exten- 
sor expansions (Fig. 6.63A & B). 

IJnderstanding the Z-movement is nsefnl beeanse it is the 
opposite of claw hand, which oeenrs in nlnar paralysis when 
the interossei and the 3rd and 4th inmbrieals are ineapable 
of aeting together to prodnee the Z-movement (see the blne 
box 'Tnjnry of Ulnar Nerve” on p. 769). 

To test the dorsal interossei, the examiner holds adjaeent 
extended and addneted flngers between thnmb and middle 
flnger, providing resistanee as the individnal attempts to 
abdnet the flngers (the person is asked to “spread the flngers 
apart”) (Fig. 6.80A). To test the palmar interossei, a sheet 
of paper is plaeed between adjaeent flngers. The individnal 
is asked to 'Teep the flngers together ’ to prevent the paper 
from being pnlled away by the examiner (Fig. 6.80B). 

Long Flexor Tendons and Tendon 
Sheaths in Hand 

The tendons of the FDS and FDP enter the eommon flexor 
sheath (nlnar bnrsa) deep to the flexor retinaenlnm (Fig. 6.81A). 
The tendons enter the eentral eompartment of the hand and 
fan ont to enter their respeetive digital synovial sheaths. The 
flexor and digital sheaths enable the tendons to slide freely over 



(A) Testing palmar interossei (ulnar nerve) 



(B) Testing dorsal interossei (ulnar nerve) 

FIGIJRE 6.80. Testing interossei (ulnar nerve). A. Dorsal interossei. 

B. Palmar interossei. 

eaeh other dnring movements of the flngers. Near the base of 
the proximal phalanx, the tendon of FDS splits to permit pas- 
sage of the tendon of FDP; the erossing of the tendons makes 
up a tendinoas ehiasm (Figs. 6.63D, 6.74B, and 6.81B). The 
halves of the FDS tendon are attaehed to the margins of 
the anterior aspeet of the base of the middle phalanx. Distal to 
the tendinons ehiasm, the FDP tendon attaehes to the anterior 
aspeet of the base of the distal phalanx (Fig. 6.63D). 

The fibrons digital sheaths are the strong ligamentons 
tnnnels eontaining the flexor tendons and their synovial sheaths 
(Figs. 6.74 and 6.81C & D). The sheaths extend from the 
heads of the metaearpals to the bases of the distal phalanges. 
These sheaths prevent the tendons from pnlling away from the 
digits (bowstringing). The flbrons digital sheaths eombine with 
the bones to form osseofibrous tunnels throngh which the 
tendons pass to reaeh the digits. The annlar and emeiform 
parts (often referred to elinieally as “pnlleys”) are thiekened 
reinforeements of the flbrons digital sheaths (Fig. 6.81D). 

The long flexor tendons are snpplied by small blood ves- 
sels that pass within synovial folds (vinenla) from the peri- 
ostenm of the phalanges (Fig. 6.63B). The tendon of the FPL 
passes deep to the flexor retinaculum to the thnmb within its 
own synovial sheath. At the head of the metaearpal, the ten- 
don rnns between two sesamoid hones, one in the eombined 
tendon of the FPB and APB and the other in the tendon of 
the addnetor pollieis. 

Arteries of Hand 

Beeanse its fnnetion requires it to be plaeed and held in 
many different positions, often while grasping or applying 
pressnre, the hand is snpplied with an abnndanee of highly 
branehed and anastomosing arteries so that oxygenated blood 
is generally available to all parts in all positions. Fnrthermore, 
the arteries or their derivatives are relatively snperfleial, 
nnderlying skin that is eapable of sweating so that excess 
heat ean be released. To prevent nndesirable heat loss in a 
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(A) Anterior (palmar) view 
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< 


Flexor earpi 
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longus 





Synovial lining 
of tunnel 
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Mesotendon (forms vincula) 


Palmar ligament (plate) 


Distal interphalangeal 
joint 


Fibrous digital sheath 
(cut edge of opened 
sheath) 
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Anular and cruciform 
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synovial sheath 


Lumbrical muscles 
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sheath 



Anular (A) part 
Cruciate (C) part 


V. 



Proximal phalanx 


A2 


A5 

C4 


C3 
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Flexor pollieis 
longus (FPL) tendon 
in synovial sheath 

Sesamoid bone (deep) 
Digital synovial sheath 

Flexor pollieis longus (FPL) 
tendon in synovial sheath 

FDP tendons 


Palmar ligament 
(plate) 



C1 


Metaearpal 


Flexor digitorum 
profundus 



Synovial 

sheath 


Flexor 

digitorum 

superficialis 


(D) Lateral view 


Pronator quadratus 
muscle 


1 


Wl1lf 


Flexor retinaculum (cut, 
opening earpal tunnel) 

FPL tendon in synovial sheath 
Flexor earpi radialis tendon 


(B) Anterior (palmar) view 

FIGIJRE 6.81. Flexor tendons, eommon flexor sheath, fibrous dìgìtal sheaths, and synovial sheaths of digits. A. The synovial sheaths of the long fìexor 
tendons to the digits are arranged in tvvo sets: (1) proximal or earpal, posterior to the fìexor retinaculum, and (2) distal or digital, vvithin the fìbrous 
sheaths of the digital fìexors. B. Tendons, tendon bursae, and fìbrous digital sheaths. C. The structure of an osseofìbrous tunnel of a fìnger, eontaining a 
tendon. Within the fìbrous sheath, the synovial sheath eonsists of the (parietal) synovial lining ofthe tunnel and the (viseeral) synovial eovering of the 
tendon. The layers of the synovial sheath are actually separated by only a eapillary layer of synovial fìuid, vvhieh lubricates the synovial surfaces to faeilitate 
gliding ofthe tendon. D. Fibrous digital tendon sheath, demonstrating the anular and cruciate parts (“pulleys”). 
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Radialis 

indieis 


Prineeps 

pollieis 



Dorsal braneh 


Soperfieial braneh 


Proper palmar 
digital artery gives 
rise to a dorsal braneh 


Dlnar artery 
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FIGIJRE 6.82. Arteries of wrist and hand. 


TABLE6.15. ARTERIES OF HAND 


Artery 

Origin 

Course 

Superficial paimar 
areh 

Direet continuation of ulnarartery; areh is eom- 
pleted on lateral side by superficial braneh of 
radial artery or another of its branehes 

Curves laterally deep to palmar aponeurosis and superficial to 
long flexor tendons; curve of areh lies aeross palm at level of 
distal borderof extended thumb 

Deep paimar areh 

Direet continuation of radial artery; areh is eom- 
pleted on medial side by deep braneh of ulnar 
artery 

Curves medially, deep to long flexor tendons; is in eontaet with 
bases of metaearpals 

eommon paimar 
digitai 

Superficial palmar areh 

Pass distally on lumbricals to webbing of digits 

Proper paimar 
digitai 

Gommon palmar digital arteries 

Run along sides of 2nd-5th digits 

Prineeps poiiieis 

Radial artery as itturns into palm 

Deseends on palmar aspeet of Ist metaearpal; divides at base 
of proximal phalanx into two branehes that run along sides of 
thumb 

Radiaiis indieis 

Radial artery but may arise from prineeps pollieis 
artery 

Passes along lateral side of index finger to its distal end 

Dorsai earpai areh 

Radial and ulnar arteries 

Arehes within faseia on dorsum of hand 


eold environment, the arterioles of the hands are eapable of 
redneing blood flow to the snrfaee and to the ends of the fln- 
gers. The nlnar and radial arteries and their branehes provide 
all the blood to the hand. The arteries of the hand are illns- 
trated in Fignres 6.82 and 6.83, and their origins and eonrses 
are deseribed in Table 6.15. 

ULNAR ARTERYIN HAND 

The ulnar artery enters the hand anterior to the flexor 
retinaenlnm between the pisiform and the hook of the 


hamate via the ulnar eanal (Gnyon eanal) (Fig. 6.70B). The 
nlnar artery lies lateral to the nlnar nerve (Fig. 6.77A). The 
artery divides into two terminal branehes, the snperfleial 
palmar areh and the deep palmar braneh (Figs. 6.82 and 
6.83). The snperfieial palmar areh, the main termination 
of the nlnar artery, gives rise to three eommon palmar 
digital arteries that anastomose with the palmar meta- 
earpal arteries from the deep palmar areh. Eaeh eommon 
palmar digital artery divides into a pair of proper palmar 
digital arteries, whieh rnn along the adjaeent sides of the 
2nd-4th digits. 
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Proper palmar 
digital arteries 


eommon palmar 
digital arteries 


Superficial 
paimar areh 


Deep palmar braneh 
of ulnar artery 


Uinar artery 



Radialis indieis 
artery 


Prineeps pollieis 
artery 


Palmar metaearpal 
arteries 

Deep paimar areh 


Radiai artery 


FIGITRE 6.83. Arteriogram of wrist and hand. The earpal bones are fully ossified in this teenage hand, but the epiphysial plates (growth plates) ofthe 
long bones remain open. Closure occurs when growth is eomplete, usually at the end of the teenage years. (Courtesy of Dr. D. Armstrong, Llniversity of 
Toronto, Ontario, Canada.) 


RADIAL ARTERYIN HAND 

The radial artery curves dorsally around the seaph- 
oid and trapezium and erosses the floor of the anatomì- 
eal snnff hox (Fig. 6.65). It enters the palm by passing 
between the heads of the Ist dorsal interosseons mnsele 
and then turns medially, passing between the heads of the 
addnetor pollieis. The radial artery ends by anastomos- 
ing with the deep braneh of the ulnar artery to form the 
deep palmar areh, which is formed mainly by the radial 
artery. This areh lies aeross the metaearpals just distal to 
their bases (Fig. 6.79). The deep palmar areh gives rise to 
three palmar metaearpal arteries and the prineeps polli- 
eis artery (Figs. 6.82 and 6.83). The radialis indieis artery 
passes along the lateral side of the index flnger. It usually 
arises from the radial artery, but it may originate from the 
prineeps pollieis. 


Veins of Hand 

Snperfieial and deep venons palmar arehes, assoeiated with 
the snperfleial and deep palmar (arterial) arehes, drain into 
the deep veins of the forearm (Fig. 6.68). The dorsal digital 
veins drain into three dorsal metaearpal veins, which unite 
to form a dorsal venons netivork (Fig. 6.15A). Snperfleial to 
the metaearpns, this network is prolonged proximally on the 
lateral side as the eephalie vein. The hasilie vein arises from 
the medial side of the dorsal venons network. 

Nerves of Hand 

The median, ulnar, and radial nerves snpply the hand 
(Figs. 6.70, 6.77, and 6.84). In addition, branehes or commu- 
nieations from the lateral and posterior cutaneous nerves may 
eontribnte some flbers that snpply the skin of the dorsnm of 

{fext eontinnes onp. 786) 
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(A) Anterior view 
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Extensor pollieis brevis (EPB) 
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Extensor earpi radialis brevis (ECRB) 


Extensor pollieis longus (EPL) 


Extensor digiti minimi 


Extensor indieis 


Extensor digitorum 


(B) Inferior view of transverse seetion of distal forearm 


FIGIJRE 6.84. Structures in dístal forearm (wrist region). A. A distal skin ineision vvas made along the transverse vvrist erease, erossing the pisiform bone 
The skin and faseiae are removed proximally, revealingthe tendons and neurovascular structures. A circular ineision and removal ofthe skin and thenar 
faseia reveals the recurrent braneh ofthe median nerve to the thenar muscles, vulnerable to injury when this area is laeerated because of its subcutaneous 
loeation. The tendons of the fìexor digitorum superfìcialis and profundus are numbered in B aeeording to the digit of insertion. B. Transverse seetion of the 
distal forearm demonstrating the long fìexor and extensor tendons and neurovascular structures en route from forearm to hand. The ulnar nerve and artery 
are under eover of the fìexor earpi ulnaris; therefore, the pulse of the artery eannot be easily deteeted here. C. Orientation drawing indieating the plane of the 
seetion shown in part B. 
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Of ulnar 
nerve 


r. 


Deep braneh 




Superficial braneh 


Palmar cutaneous 
braneh 




Dlnar nerve 



Proper palmar digital nerves 




Branehes to 1st and 2nd 
lumbricals 


Gommon palmar digital nerves 


Palmar digital nerves 




Lateral braneh 


Recurrent braneh 


Medial braneh 


Palmar cutaneous braneh 


j 


Thenar muscles 


Median nerve 


Of median 
nerve 


(A) Palmar aspeet 


Of superficial 
braneh of 
radial nerve 


Dorsal branehes of proper 
palmar digital nerves of 
median nerve 



r 


Terminal branehes of 
dorsal digital branehes 




V 


Dorsal digital branehes 


Superficial braneh of 
radial nerve 



Dorsal branehes of 
proper palmar 
digital nerves 


Digital branehes of > 
dorsal digital nerves 


Dorsal digital nerves 


Dorsal braneh 


Of ulnar 
nerve 


(B) Dorsal aspeet 

FIGIJRE 6.85. Branehes of nerves to hand. 


TABLE6.16. NERVES OF HAND 


Nerve 

Origin 

Course 

1 

1 

Distribution 

Median nerve 

Arises by two roots, one 
from lateral eord of braehial 
plexus (C6, C7 fibers) and 
one from medial eord (C8, 

T1 fibers) 

Beeomes superficial proximal to 
wrist; passes deep to flexor retina- 
culum (transverse earpal ligament) 
as it passes through earpal tunnel 
to hand 

Thenar muscles (exceptadductor pollieis and 
deep head of flexor pollieis brevis) and lateral 
lumbricals (fordigits 2 and 3); provides sensa- 
tion to skin of palmar and distal dorsal aspeets 
of lateral (radial) 3V2 digits and adjaeent palm 

Recurrent (the- 
nar) braneh of 
median nerve 

Arises from median nerve as 
soon as ithas passed distal 
to flexor retinaculum 

Loops around distal border of flexor 
retinaculum; enters thenar muscles 

Abductor pollieis brevis; opponens pollieis; 
superficial head of flexor pollieis brevis 

Lateral braneh of 
median nerve 

Arises as lateral division of 
median nerve as itenters 
palm of hand 

Runs laterallyto palmaraspeetof 
thumb and radial side of 2nd digit 

Ist lumbrical; skin of palmar and distal dorsal 
aspeets ofthumb and radial half of 2nd digit 


(continued) 
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TABLE 6.16. NERVES OF HAND (Contìnued) 


Nerve 

Origin 

Course 

Distribution 

Medial braneh of 
median nerve 

Arises as medial division of 
median nerve as itenters 
palm of hand 

Runs medially to adjaeentsides of 
2nd-4th digits 

2nd lumbrical; skin of palmarand distal dorsal 
aspeets of adjaeentsides of 2nd-4th digits 

Palmar cutaneous 
braneh of median 
nerve 

Arises from median nerve 
just proximal to flexor 
retinaculum 

Passes betvveen tendons of pal- 
maris longus and flexorcarpi 
radialis; runs superficial to flexor 
retinaculum 

Skin of eentral palm 

Ulnar nerve 

Terminal braneh of medial 
eord of braehial plexus (C8 
and T1 fibers; often also 
reeeives C7 fibers) 

Beeomes superficial in distal fore- 
arm, passing superficial to flexor 
retinaculum (transverse earpal liga- 
ment) to enter hand 

The majority of intrinsie muscles of hand (hypo- 
thenar, interosseous, adductor pollieis, and deep 
head of flexor pollieis brevis, plus the medial 
lumbricals [fordigits 4 and 5]); provides sensa- 
tion to skin of palmar and distal dorsal aspeets of 
medial (ulnar) IV 2 digits and adjaeentpalm 

Palmar cutaneous 
braneh of ulnar 

nerve 

Arises from ulnar nerve near 
middle of forearm 

Deseends on ulnar artery and per- 
forates deep faseia in the distal third 
of forearm 

Skin at base of medial palm, overlying the 
medial earpals 

Dorsal braneh of 
ulnar nerve 

Arises from ulnar nerve 
about 5 em proximal to flexor 
retinaculum 

Passes distally deep to flexor earpi 
ulnaris, then dorsally to perforate 
deep faseia and course along medial 
side of dorsum of hand, dividing into 
tvvo to three dorsal digital nerves 

Skin of medial aspeetof dorsum of hand and 
proximal portions of little and medial half of 
ring finger (oeeasionally also adjaeentsides of 
proximal portions of ring and middle fingers) 

Superficial braneh 
of ulnar nerve 

Arise from ulnar nerve at 
vvristas they pass betvveen 
pisiform and hamate bones 

Passes palmaris brevis and divides 
into tvvo eommon palmar digital 
nerves 

Palmaris brevis and sensation to skin of the 
palmar and distal dorsal aspeets of digit 5 and 
of the medial (ulnar) side of digit4 and proxi- 
mal portion of palm 

Deep braneh of 
ulnar nerve 

Passes betvveen muscles of hypo- 
thenar eminenee to pass deeply 
aeross palm vvith deep palmar (arte- 
rial) areh 

Hypothenar muscles (abductor, flexor, and 
opponens digiti minimi), lumbricals of digits 

4 and 5, all interossei, adductor pollieis, and 
deep head of flexor pollieis brevis 

Radial nerve, 
superficial braneh 

Arises from radial nerve in 
cubital fossa 

Courses deep to braehioradialis, 
emerging from beneath itto pieree 
the deep faseia lateral to distal 
radius 

Skin of the lateral (radial) half of dorsal aspeet 
of the hand and thumb, the proximal portions 
of the dorsal aspeets of digits 2 and 3, and of 
the lateral (radial) half of digit4 


Radial nerve, 
superficial braneh 


r 


Of forearm: 

Lateral cutaneous nerve 


■s Medial cutaneous nerve 


Posterior cutaneous nerve 





Dorsal brs. of proper palmar 
digital nerves (A) and 
eommon and proper palmar 
digital nerves (B) of median 
nerve (C6-C8) 


Radial nerve 
(C6-C8) 


Dorsal digital nerves (A) and 
eommon and proper digital 
nerves of superificial braneh 
(B) of ulnar nerve (C8, T1) 


Dorsal (cutaneous) braneh 
of ulnar nerve (C8, T1) 



Palmar 

cutaneous 

branehes: 


Dlnar nerve 




Median nerve 




Radial nerve, 

superficial 

braneh 


J 


Radial nerve, 

superficial braneh (C6-C8) 


Lateral cutaneous nerve of forearm 
Medial cutaneous nerve of forearm 


(A) Posterior view (B) Anterior view 

FIGIJRE 6.86. Sensoiy innervation of wrist and hand. A. Distribution of the peripheral cutaneous nerve to the hand and vvrist. B. Distribution of the spi- 
nal nerve fibers to the hand and wrist (dermatomes). 
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(C) Posterior view 



(D) Anterior view 


FIGIJRE 6.86. {Continued) 


the hand. These nerves and their branehes in the hand are 
illnstrated in Fignres 6.85 and 6.86A & B, and their origins, 
eonrses, and distribntions are provided in Table 6.16. 

In the hand, these nerves eonvey sensory fibers from 
spinal nerves C6-C8 to the skin, so that the C6-C8 derma- 
tomes inelnde the hand (Fig. 6.86C & D). The median and 
nlnar nerves eonvey motor fibers from spinal nerve T1 to the 
hand; the intrinsie mnseles of the hand make up myotome T1 

(Fig. 6.20F). 

MEDIAN NERVE IN HAND 

The medìan nerve enters the hand throngh the earpal tnnnel, 
deep to the fiexor retinaenlnm, along with the nine tendons 

of the FDS, FDP, and FPL (Fig. 6.84). The earpal tunnel 

is the passageway deep to the fiexor retinaenlnm between the 
tnbereles of the seaphoid and trapezoid bones on the lateral 
side and the pisiform and hook of the hamate on the medial 
side (Fig. 6.30A). Distal to the earpal tnnnel, the median 
nerve snpplies two and a half thenar mnseles and the Ist and 
2nd inmbrieals (Fig. 6.85A). It also sends sensory fibers to 
the skin on the entire palmar snrfaee, the sides of the first 
three digits, the lateral half of the 4th digit, and the dorsnm 
of the distal halves of these digits. Note, however, that the 
palmar cutaneous hraneh of the median nerve, which snp- 
plies the eentral palm, arises proximal to the fiexor retinaen- 
Inm and passes snperfieial to it (i.e., it does not pass throngh 
the earpal tnnnel). 

THE ULNAR NERVE IN HAND 

The ulnar nerve leaves the forearm by emerging from deep 

to the tendon of the FCU (Figs. 6.77 and 6.84). It eontinnes 
distally to the wrist via the ulnar (Guyon) eanal (Fig. 6.70). 
Here the nlnar nerve is bonnd by faseia to the anterior snr- 
faee of the fiexor retinaenlnm as it passes between the pisi- 
form (medially) and the nlnar artery (laterally). 

Jnst proximal to the wrist, the nlnar nerve gives off a pal- 
mar cutaneous braneh, which passes snperfieial to the 


fiexor retinaenlnm and palmar aponenrosis and snpplies skin 
on the medial side of the palm (Fig. 6.85A). 

The dorsal cutaneous braneh of the ulnar nerve snp- 
plies the medial half of the dorsnm of the hand, the 5th fin- 
ger, and the medial half of the 4th finger (Fig. 6.85B). The 
nlnar nerve ends at the distal border of the fiexor retinaenlnm 
by dividing into snperfieial and deep branehes (Fig. 6.77B). 

The snperfieial braneh of the ulnar nerve snpplies 
entaneons branehes to the anterior snrfaees of the medial 
one and a half digits. The deep braneh of the ulnar nerve 
snpplies the hypothenar mnseles, the medial two Inmbri- 
eals, the addnetor pollieis, the deep head of the FPB, and all 
the interossei. The deep braneh also snpplies several joints 
(wrist, interearpal, earpometaearpal, and intermetaearpal). 
The nlnar nerve is often referred to as the nerve offine move- 
ments beeanse it innervates most of the intrinsie mnseles that 
are eoneerned with intrieate hand movements (Table 6.16). 

RADIAL NERVE IN HAND 

The radial nerve snpplies no hand mnseles (Table 6.16). The 
snperfieial hraneh of the radial nerve is entirely sensory (Fig. 
6.85B). It pierees the deep faseia near the dorsnm of the 
wrist to snpply the skin and faseia over the lateral two thirds 
of the dorsnm of the hand, the dorsnm of the thnmb, and 
proximal parts of the lateral one and a half digits (Fig. 6.86A). 

Surface Anatomy of Hand 

The radial artery pulse, like other palpable pnlses, is a 
peripheral refieetion of eardiae aetion. The radial pnlse rate is 
measnred where the radial artery lies on the anterior snrfaee of 
the distal end of the radins, lateral to the FCR tendon, which 
serves as a gnide to the artery (Fig. 6.87). Here the artery ean 
be felt pnlsating between the tendons of the FCR and the 
APL and where it ean be eompressed against the radins. 

The tendons ofFGR and palmaris longas ean be palpated 
anterior to the wrist, a little lateral to its middle, and are 
nsnally observed by fiexing the elosed fist against resistanee. 
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Hypothenar eminenee 


Loeation of pisiform bone 


Tendon of flexor earpi ulnaris 
(FCU) 


Tendon of palmaris longus 



Thenar eminenee 


Tendon of abductor pollieis longus 
(APL) 

Site for taking radial artery pulse 


Tendon of flexor earpi radialis 
(FCR) 


Anterolateral view 


S = loeation of tendons of FDS 


FIGIJRE 6.87. Surface anatomy of anterior wrist region. 


The palmaris longus tendon is smaller than the FCR tendon 
and is not always present. The palmaris longns tendon 
serves as a gnide to the median nerve, which lies deep to it 
(Fig. 6.84B). The FCU tendon ean be palpated as it erosses 
the anterior aspeet of the wrist near the medial side and 
inserts into the pisiform. The FCU tendon serves as a gnide 
to the nlnar nerve and artery. 

The tendons of the FDS ean be palpated as the fingers are 
alternately fiexed and extended. The nlnar pnlse is often dif- 
fienlt to palpate. The tendons of the APL and EPB indieate 
the anterior bonndary of the anatomìeal snuffhox (Fig. 6.88). 
The tendon of the EPL indieates the posterior bonndary of 
the box. The radial artery erosses the fioor of the snnff box, 
where its pnlsations may be felt (Fig. 6.65B). The seaphoid 
and, less distinetly, the trapezmm are palpable in the fioor of 
the snnff box. 

The skin eovering the dorsnm of the hand is thin and loose 
when the hand is relaxed. Prove this by pinehing and pnll- 
ing folds of yonr skin here. The looseness of the skin resnlts 
from the mobility of the snbentaneons tissne and from the 
relatively few fibrons skin ligaments that are present. Hair is 
present in this region and on the proximal parts of the digits, 
espeeially in men. 

If the dorsnm of the hand is examined with the wrist 
extended against resistanee and the digits abdneted, the 
tendons of the extensor digitoram to the fingers stand ont, 
partienlarly in thin individnals (Fig. 6.88). These tendons are 
not visible far beyond the knnekles beeanse they fiatten here 
to form the extensor expansions of the fingers (Fig. 6.63B). 

The knnekles that beeome visible when a fist is made are 
prodneed by the heads of the metaearpals. Under the loose 
snbentaneons tissne and extensor tendons on the dorsnm of 
the hand, the metaearpals ean be palpated. A prominent fea- 
tnre of the dorsnm of the hand is the dorsal venons netioork 

(Fig. 6.15A). 


The skin on the palm is thiek beeanse it mnst withstand 
the wear and tear of work and play (Fig. 6.89). It is riehly 
snpplied with sweat glands bnt eontains no hair or sebaeeons 
glands. 

The snperfieial palmar areh lies aeross the eenter of the 
palm, level with the distal border of the extended thnmb. 
The main part of the areh ends at the thenar eminenee 

(Fig. 6.87). 

The deep palmar areh lies approximately 1 em proximal to 
the snperfieial palmar areh. The palmar skin presents several 
more or less eonstdeatflexion ereases, where the skin is firmly 
bonnd to the deep faseia, that help loeate palmar wounds and 
nnderlying strnetnres (Fig. 6.89A): 

• Wrist ereases—proximal, middle, distal. The distal 
wrist erease indieates the proximal border of the fiexor 
retinaenlnm. 

• Palmar ereases—transverse, longitndinal. The longi- 
tndinal ereases deepen when the thnmb is opposed; the 
transverse ereases deepen when the metaearpophalangeal 
joints are fiexed. 

• Radial longitndinal erease (the “life line” of palm- 
istry): partially eneireles the thenar eminenee, formed 
by the short mnseles of the thnmb. 

• Proximal (transverse) palmar erease; eommenees 
on the lateral border of the palm, snperfieial to the 
head of the 2nd metaearpal; it extends medially and 
slightly proximally aeross the palm, snperfieial to the 
bodies of the 3rd-5th metaearpals. 

• Distal (transverse) palmar erease. The distal palmar 
erease begins at or near the eleft between the index 
and the middle fingers; it erosses the palm with a slight 
convexity, snperfieial to the head of the 3rd metaear- 
pal and then proximal to the heads of the 4th and 5th 
metaearpals. 





Adductor pollieis 


1st dorsal interosseous 


Tendon of extensor 
pollieis longus (EPL) 


Anatomieal snuff box 


Tendon of abductor 
pollieis longus (APL) 
and extensor pollieis 
brevis (EPB) 



Tendons of extensor 
digitorum 


Head of ulna 


Posterior view 


FIGIJRE 6.88. Surface anatomy of dorsum of hand. 
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Thumb 
(Ist digit) 



(4th digit) 
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(5th digit) 
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joint of 5th digit 
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Interphalangeal 
joint erease 

Metaearpophalangeal 
joint erease 


Thenar 
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Distal wrist erease 
Proximal wrist erease 


interearpal 

joints 


Radioearpal joint 
(green line) 

Distal radio-ulnar 


joint 

(B) 

Anterior views 


Index 
(2nd digit) 





Distal interphalangeal 
joint (DIP) 

Proximal 

interphalangeal joint 


Metaearpophalangeal 
joints(MCP) Thumb 

(Ist digit) 



Interphalangeal 
joint of thumb 
(IP) 

earpometaearpal 
joint of thumb (CMC) 

Midearpal joint (red line) 


FIGIJRE 6.89. Surface anatomy of palmar aspeet of hand. 
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Eaeh of the medial four fìngers nsnally has three transverse 

digital flexion ereases: 

• Proximal digital erease; loeated at the root of the fìnger, 
approximately 2 em distal to the metaearpophalangeal 
joint. 

• Middle digital erease; lies over the proximal interpha- 
langeal joint. 

• Distal digital erease; lies over or jnst proximal to the 
distal interphalangeal joint. 


The thnmb, having two phalanges, has only two fìexion 
ereases. The proximal digital erease of the thnmb erosses 
obliquely, at or proximal to the Ist metaearpophalangeal 
joint. The skin ridges on the pulp (pads) of the digits, 
forming the fingerprints, are nsed for identifìeation 
beeanse of their unique patterns. The physiologieal fnne- 
tion of the skin ridges is to rednee slippage when grasping 
objeets. 


HAND The eontraetnre is frequently bilateral and is seen in some 

men > 50 years of age. Its eanse is unknown, bnt evidenee 
Dlipiiytrsn eontraetlirs points to a hereditary predisposition. The disease fìrst mani- 

Q j Pa.lrn.a.r Fnsein painless nodnlar thiekenings of the palmar aponenrosis 

that adhere to the skin. Gradnally, progressive eontraetnre of 
Dnpnytreneontraetnre iss.diseaseoithepdim3.rias- the longitndinal bands prodnees raised ridges in the palmar 

eia resnlting in progressive shortening, thiekening, skin that extend from the proximal part of the hand to the base 



and fìbrosis of the palmar faseia and aponenrosis. The of the 4th and 5th fìngers (Fig. B6.29B). Treatment of Dnpny- 

fìbrons degeneration of the longitndinal bands of the palmar tren eontraetnre nsnally involves snrgieal excision of all fìbrotie 
aponenrosis on the medial side ofthe handpnlls the4th and5th parts of the palmar faseia to free the fìngers (Salter, 1999). 

fìngers into partial fìexion at the metaearpophalangeal and 


proximal interphalangeal joints (Fig. B6.29A). 



aponeurosis 


Longitudinal bands of palmar aponeurosis to fibrous digital 
(A) sheaths of digits four and five nodular and eontraeted 



(B) 



Hand infeetions 

Beeanse the palmar faseia is thiek and strong, swellings 
resnlting from hand infeetions nsnally appear on the 
dorsnm of the hand, where the faseia is thinner. The 
potential faseial spaees of the palm are important beeanse they 
may beeome infeeted. The faseial spaees determine the extent 
and direetion of the spread of pus formed by these infeetions. 

Depending on the site of infeetion, pns will aeenmnlate 
in the thenar, hypothenar, midpalmar, or addnetor eompart- 
ments (Fig. 6.75A). Antibiotie therapy has made infeetions 
that spread beyond one of these faseial eompartments rare; 
however, an nntreated infeetion ean spread proximally from 
the midpalmar spaee throngh the earpal tunnel into the fore- 
arm, anterior to the pronator quadratus and its faseia. 



FIGIJRE B6.29. Dupuytren contracture. 


Tenosynovitis 

Injnries sneh as a puncture of a fìnger by a rnsty nail 
ean eanse infeetion of the digital synovial sheaths 
(Fig. 6.81A). When infìammation of the tendon and 
synovial sheath oeenrs (tenosynovitis), the digit swells and 
movement beeomes painfnl. Beeanse the tendons of the 2nd, 
3rd, and 4th fìngers nearly always have separate synovial 
sheaths, the infeetion is nsnally eonfìned to the infeeted fìn- 
ger. If the infeetion is nntreated, however, the proximal ends 
of these sheaths may rnptnre, allowing the infeetion to spread 
to the midpalmar spaee (Fig. 6.75B). 

Beeanse the synovial sheath of the little fìnger is nsnally 
eontinnons with the eommon fìexor sheath (Fig. 6.81B), 
tenosynovitis in this fìnger may spread to the eommon fìexor 
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sheath and thns throngh the palm and earpal tnnnel to the dorsal presynaptie sympatheetomy (excision of a segment of 
anterior forearm, draining into the spaee between the prona- a sympathetie nerve) to dilate the digital arteries. 
tor quadratus and the overlying flexor tendons {Parona spaee). 

Likewise, tenosynovitis in the thnmb may spread via the eon- 
tinnons synovial sheath of the FPL (radial bnrsa). How far an 


Lesions of Median Nerve 


infeetion spreads from the flngers depends on variations in Lesions of the median nerve nsnally oeenr in two plaees: the 


their eonneetions with the eommon flexor sheath. 


forearm and the wrist. The most eommon site is where the 


The tendons of the APL and EPB are in the same tendi- nerve passes throngh the earpal tnnnel. 


nons sheath on the dorsnm of the wrist. Excessive frietion 
of these tendons on their eommon sheath resnlts in flbrons 
thiekening of the sheath and stenosis of the osseoflbrons 
tnnnel. The excessive frietion is eansed by repetitive foreefnl 
nse of the hands dnring gripping and wringing (e.g., squeez- 


GARPAL TUNNEL SYNDROME 

Garpal tnnnel syndrome resnlts from any lesion that 
signifleantly rednees the size of the earpal tnnnel 
(Fig. B6.30A-D) or, more eommonly, inereases the size 



ing water ont of elothes). This eondition, ealled Quervain of some of the nine stmetnres or their eoverings that pass throngh 

tenovaginitis stenosans, eanses pain in the wrist that radiates it (e.g., inflammation of synovial sheaths). Flnid retention, infee- 


proximally to the forearm and distally toward the thnmb. tion, and excessive exercise of the flngers may eanse swelling of 
Loeal tenderness is felt over the eommon flexor sheath on the tendons or their synovial sheaths. The median nerve is the 


the lateral side of the wrist. 


most sensitive stmetnre in the tnnnel. The median nerve has two 


Thiekening of a flbrons digital sheath on the palmar aspeet terminal sensory branehes that snpply the skin of the hand; henee 
of the digit prodnees stenosis of the osseoflbrons tnnnel, the paresthesia (tingling), hypoesthesia (diminished sensation), or 
resnlt of repetitive foreefnl nse of the flngers. If the tendons of anesthesia (absenee of sensation) may oeenr in the lateral three 

the FDS and FDP enlarge proximal to the tnnnel, the person and a half digits. The palmar entaneons braneh of the median 

is nnable to extend the flnger. When the flnger is extended nerve arises proximal to, and does not pass throngh, the earpal 

passively, a snap is andible. Flexion prodnees another snap as tnnnel; thns sensation in the eentral palm remains nnaffeeted. 

the thiekened tendon moves. This eondition is ealled digital The nerve also has one terminal motor braneh, the reenrrent 


tenovaginitis stenosans {triggerfinger or snapping flnger). 


Laeeration of Palmar Arehes 


braneh, which serves the three thenar mnseles (Fig. 6.85A). 

Progressive loss of eoordination and strength of the thnmb 
owing to weakness of the APB and opponens pollieis) may 
oeenr if the eanse of eompression is not alleviated. Individn- 



Bleedingis nsnallyprofnse when thepalmar (arterial) als with earpal tnnnel syndrome are nnable to oppose their 

arehes are laeerated. It may not be snffieient to ligate thnmbs (Fig. B6.30E) and have diffienlty bnttoning a shirt or 

only one forearm artery when the arehes are laeer- blonse as well as gripping things sneh as a eomb. As the eon- 

ated, beeansethesevesselsnsnallyhavennmeronseommnniea- dition progresses, sensory ehanges radiate into the forearm 
tions in the forearm and hand and thns bleed from both ends. and axilla. Symptoms of eompression ean be reprodneed by 

To obtain a bloodless snrgieal operating field for treating eom- eompression of the median nerve with yonr finger at the wrist 

plieated hand injnries, it may be neeessary to eompress the bra- for approximately 30 seeonds. To relieve both the eompres- 

ehial artery and its branehes proximal to the elbow (e.g., nsing sion and the resnlting symptoms, partial or eomplete snrgieal 

a pnenmatie tourniquet). This proeednre prevents blood from division of the flexor retinaenlnm, a proeednre ealled earpal 

reaehing the nlnar and radial arteries throngh the anastomoses tnnnel release, may be neeessary. The ineision for earpal tnn- 


aronnd the elbow (Fig. 6.67A). 


isehemia of Digits (Fingers) 


nel release is made toward the medial side of the wrist and 
flexor retinaenlnm to avoid possible injnry to the reenrrent 
braneh of the median nerve. 



Intermittent bilateral attaeks of isehemia of the dig- TRAUMA TO MEDIAN NERVE 


its, marked by eyanosis and often aeeompanied by 
paresthesia and pain, is eharaeteristieally bronght on 
by eold and emotional stimnli. The eondition may resnlt from 
an anatomieal abnormality or an nnderlying disease. When the median nerve is eommonly injnred jnst proximal to the flexor 

eanse of the eondition is idiopathie (unknown) or primary, it is retinaenlnm. This resnlts in paralysis of the thenar mnseles and 



Laeeration of the wrist often eanses median nerve 
injnry beeanse this nerve is relatively elose to the snr- 
faee. In attempted snieides by wrist slashing, the 


esSìedRaynand syndrome (disease). 


the first two inmbrieals. Henee opposition of the thnmb is not 


The arteries of the npper limb are innervated by sym- possible and fine eontrol movements of the 2nd and 3rd digits 
pathetie nerves. Postsynaptie fibers from the sympathetie areimpaired. Sensationis alsolostoverthethnmbandadjaeent 
ganglia enter nerves that form the braehial plexus and are two and a half fingers. 


distribnted to the digital arteries throngh branehes arising 


Most nerve injnries in the npper limb affeet opposition of 


from the plexus. When treating isehemia resnlting from the thnmb (Fig. 6.76). IJndonbtedly, injnries to the nerves 
Baynand syndrome, it may be neeessary to perform a eervieo- snpplying the intrinsie mnseles of the hand, espeeially the 
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FIGURE B6.30. 


median nerve, have the most severe effeets on this complex 
movement. If the median nerve is severed in the forearm 
or at the wrist, the thnmb eannot be opposed; however, the 
APL and addnetor pollieis (snpplied by the posterior interos- 
seons and nlnar nerves, respeetively) may imitate opposition, 
althongh ineffeetive. 

Median nerve injnry resnlting from a perforating wound 
in the elbow region results in loss of flexion of the proximal 
and distal interphalangeal joints of the 2nd and 3rd digits. 


The ability to flex the metaearpophalangeal joints of these 
flngers is also affeeted beeanse digital branehes of the median 
nerve supply the Ist and 2nd inmbrieals. Simian hand 
(Fig. B6.30F) refers to a deformity in which thumb move- 
ments are limited to flexion and extension of the thumb in 
the plane of the palm. This eondition is caused by the inabil- 
ity to oppose and by limited abdnetion of the thumb. The 
recurrent braneh of the median nerve to the thenar mnseles 
(Fig. 6.84A) lies subcutaneously and may be severed 
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by relatively minor laeerations of the thenar eminenee. by the radial nerve (Fig. 6.61B; Table 6.11). The hand is 
Severanee of this nerve paralyzes the thenar mnseles, and flexed at the wrist and lies flaeeid, a eondition known as temí- 
the thnmb loses mneh of its nsefnlness. drop (see the blue box 'Tnjury to Radial Nerve in Arm” on 

p. 743). The flngers of the relaxed hand also remain in the 
flexed position at the metaearpophalangeal joints. 

The interphalangeal joints ean be extended weakly throngh 


ITlnar Canal Syndrome 



eompression of the nlnar nerve may oecur at the the aetion of the intaet inmbrieals and interossei, which are 

wrist where it passes between the pisiform and the snpplied by the median and ulnar nerves (Table 6.13). The 

hook of the hamate. The depression between these radial nerve has only a small area of exclusive cutaneous sup- 

bonesiseonvertedbythepisohamateligamentintoanosseo- ply on the hand. Thus the extent of anesthesia is minimal, 
flbrons tunnel, the ulnar eanal (Guyon tunnel) (Fig. 6.70B). even in serions radial nerve injnries, and is usually eonflned 

IJlnar eanal syndrome (Guyon tunnel syndrome) is manifest to a small area on the lateral part of the dorsum of the hand. 

by hypoesthesia in the medial one and a half flngers, and 
weakness of the intrinsie mnseles of the hand. 




Dermatoglyphies 

The seienee of stndying ridge patterns of the palm, 
ealled dermatoglyphies, is a valnable extension of 
the eonventional physieal examination of people 
with eertain eongenital anomalies and genetie diseases. For 
example, people with trisomy 21 (Down syndrome) have der- 
matoglyphies that are highly eharaeteristie. In addition, they 
often have a single transverse palmar erease (Simian erease); 
People who ride long distanees on bieyeles with however, approximately 1% of the general popnlation has 

their hands in an extended position against the hand this erease with no other elinieal featnres of the syndrome. 


“Glawing” of the 4th and 5th flngers (hyperextension at 
the metaearpophalangeal joint with flexion at the proximal 
interphalangeal joint) may occur, but—in eontradistinetion 
to proximal ulnar nerve injnry—their ability to flex is unaf- 
feeted, and there is no radial deviation of the hand. 


Handlebar Nenropathy 


grips put pressure on the hooks of their hamates 
(Fig. 6.70B), which eompresses their ulnar nerves. This type 
of nerve eompression, which has been ealled handlehar neu- 
ropathy, resnlts in sensory loss on the medial side of the 
hand, and weakness of the intrinsie hand mnseles. 


Palmar Wounds and Surgical 
ineisions 


Radial Nerve Injury in Arm 
and Hand Disability 



The loeation of snperfleial and deep palmar arehes 
shonld be kept in mind when examining wounds of 
the palm and when making palmar ineisions. 
Fnrthermore, it is important to know that the snperfleial pal- 
mar areh is at the same level as the distal end of the eommon 
Althongh the radial nerve snpplies no mnseles in flexor sheath (Figs. 6.77A and 6.81). As mentioned previ- 

thehand, radialnerveinjuryinthearmcanproduce ously, ineisions or wounds along the medial snrfaee of the 

serions hand disability. The eharaeteristie handieap thenar eminenee may injnre the reenrrent braneh of the 

is inability to extend the wrist resnlting from paralysis of median nerve to the thenar mnseles (see the blue box 



extensor mnseles of the forearm, all of which are innervated 




Tranma to Median Nerve” on p. 790). 


The Bottom Lìne 


HAND 

Movements: The larger (wider range) and stronger move- 
ments of the hand and fingers (grasping, pinehing, and point- 
ing) are produced by extrinsic muscles with fleshy bellies loeated 
distant from the hand (nearthe elbow) and long tendons pass- 
ing into the hand and fingers. ♦ The shorter, more delieate and 
weaker movements (typing, playing musical instruments, and 
writing), and positioning of the fingers for the more powerful 
movements are aeeomplished largely by the intrinsie muscles. 

Organìzatìon: The muscles and tendons of the hand are 
organized into five faseial eompartments: two radial eompart- 


ments (thenar and adductor) that serve the thumb; an ulnar 
(hypothenar) eompartment that serves the little finger; and 
two more eentral eompartments that serve the medial four 
digits (a palmar one for the long flexor tendons and lumbricals, 
and a deep one between the metaearpals for the interossei). 

Muscles: The greatest mass of intrinsie muscles is dedi- 
eated to the highly mobile thumb. Indeed, when extrinsic 
muscles are also eonsidered, the thumb has eight muscles 
producing and eontrolling the wide array of movements that 
distinguish the human hand. ♦ The interossei produce multiple 
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movements: the dorsal interossei (and abductors pollieis and 
digiti minimi) abduct the digits, whereas the palmar interossei 
(and adductor pollieis) adduct them. Both movements occur 
atthe metaearpophalangeal joints. ♦ Aeting together with the 
lumbricals, the interossei flex the metaearpophalangeal and 
extend the interphalangeal Joints ofthe medial fourdigits 
(the Z-movement) 

Vasculature: The vasculature of the hand is eharaeterized 
by multiple anastomoses between both radial and ulnarvessels 
and palmar and dorsal vessels. ♦ The arteries of the hand eol- 
leetively constitute a peri-articular arterial anastomosis around 
the eolleetive Joints ofthe wrist and hand. Thus blood is gener- 
ally available to all parts of the hand in all positions as well as 
while performing functions (gripping or pressing) that might 
otherwise eompromise espeeially the palmar structures. ♦ The 
arteries to the digits are also eharaeterized by their ability to 


vasoeonstriet during exposure to eold to eonserve heat and to 
dilate (while the hand beeomes sweaty) to radiate excess heat. 

♦ The superficial dorsal venous network is eommonly used for 
administering intravenous fluids. 

Innervatìon: Llnlike the dermatomes of the trunk and 
proximal limbs, the zones of cutaneous innervation and the 
roles of motor innervation are well defined, as are functional 
defieits. ♦ In terms of intrinsie structure, the radial nerve is sen- 
sory only via its superficial braneh to the dorsum of the hand. 

♦ The median nerve is most important to the function of the 
thumb, and sensation from the lateral three and half digits and 
adjaeent palm, whereas the ulnar nerve supplies the remainder. 

♦ The intrinsie muscles ofthe hand constitute theT1 myotome. 

♦ The palmar nerves and vessels are dominant, supplying not 
only the more sensitive and fijnetional palmar aspeet, but also 
the dorsal aspeet of the distal part of the digits (nail beds). 


JOINTS OF UPPER LIMB 


Movement of the peetoral girdle involves the sternoelavien- 
lar, aeromioelavienlar, and glenohnmeral joints (Fig. 6.90), 
nsnally all moving simnltaneonsly. Fnnetional defeets in any 
of the joints impair movements of the peetoral girdle. Mobil- 
ity of the seapnla is essential for free movement of the npper 
limb. The elaviele forms a strnt (extension) that holds the 
seapnla, and henee the glenohnmeral (shonlder) joint, away 


from the thorax so it ean move freely. The elaviele establishes 
the radins at whieh the shonlder (half of the peetoral girdle 
and glenohnmeral joint) rotates at the SC joint. The 15-20° 
of movement at the AC joint permits positioning of the gle- 
noid eavity that is neeessary for arm movements. 

When testing the range of motion of the peetoral girdle, 
both seapnlothoraeie (movement of the seapnla on the tho- 
raeie wall) and glenohnmeral movements mnst be eonsid- 
ered. Althongh the initial 30° of abdnetion may oeenr without 
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FIGIJRE 6.90. Peetoral girdle and assoeiated tendons and ligaments. The peetoral girdle is a partial bony ring (ineomplete posteriorly) formed by the manu- 
brium ofthe sternum, the elaviele, and the scapulae. Joints assoeiated with these bones are the sternoclavicular, acromioclavicular, and glenohumeral. The 
girdle provides for attaehment ofthe superior appendicular skeleton to the axial skeleton and provides the mobile base from which the upper limb operates. 
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scapular motion, in the overall movement of fiilly elevating 
the arm, the movement oecurs in a 2:1 ratio: For every 3° of 
elevation, approximately 2° oecurs at the glenohumeral joint 
and 1° at the physiologieal seapnlothoraeie joint. 

Henee, when the upper limb has been elevated so that the 
arm is vertieal at the side of the head (180° of arm abdnetion 
or flexion), 120° oeenrred at the glenohnmeral joint and 60° 
oeenrred at the seapnlothoraeie joint. This is known as scapu- 
lohumeral rhythm (Fig.6.92C). The important movements 
of the peetoral girdle are seapnlar movements (Table 6.3; p. 
698): elevation and depression, protraetion (lateral or fonvard 
movement of the seapnla) and retraetion (medial or backward 
movement of the seapnla), and rotation of the seapnla. 

Sternoclavìcular Joint 

The sternoclavicular (SC) joint is a saddle type of synovial 
joint but fimetions as a ball-and-soeket joint. The SC joint 
is divided into two eompartments by an artienlar dise. The 
dise is flrmly attaehed to the anterior and posterior sternoela- 
vienlar ligaments, thiekenings of the flbrons layer of the joint 
eapsnle, as well as the interelavienlar ligament (Fig. 6.90). 

The great strength of the SC joint is a consequence of 
these attaehments. Thus, although the articular dise serves as 
a shoek absorber of forees transmitted along the elaviele from 
the upper limb, disloeation of the elaviele is rare, whereas 
fraetnre of the elaviele is eommon. 

The Se joint is the only artienlation between the upper 
limb and the axial skeleton, and it ean be readily palpated 


beeanse the sternal end of the elaviele lies snperior to the 
manubrium of the sternum. 

ARTieniiATION OF STERNOCIiAVICUIiAR JOINT 

The sternal end of the elaviele artienlates with the manu- 
brium and the Ist eostal eartilage. The artienlar snrfaees are 
eovered with flbroeartilage. 

JOINT CAPSULE OF STERNOCIiAVICUIiAR JOINT 

The joint eapsnle surrounds the SC joint, inelnding the 
epiphysis at the sternal end of the elaviele. It is attaehed to 
the margins of the artienlar snrfaees, inelnding the periphery 
of the artienlar dise. A synovial memhrane lines the internal 
snrfaee of the fihrons layer of thejoint eapsnle, extending to 
the edges of the artienlar snrfaees. 

LIGAMENTS OF STERNOCLAVICULAR JOINT 

The strength of the SC joint depends on its ligaments and 
artienlar dise. Anterior and posterior sternoclavicular 
ligaments reinforee the joint eapsnle anteriorly and pos- 
teriorly. The interelavienlar ligament strengthens the 
eapsnle snperiorly. It extends from the sternal end of one 
elaviele to the sternal end of the other elaviele. In between, 
it is also attaehed to the snperior border of the manubrium. 
The eostoelavienlar ligament anehors the inferior snrfaee 
of the sternal end of the elaviele to the Ist rib and its eostal 
eartilage, limiting elevation of the peetoral girdle. 
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FIGIJRE 6.91. Movements of upper limb at joints of peetoral girdle. A. Range of motion of lateral eneJ of elaviele permitted by movements at the sterno- 
clavicular joint. Letters indieate disposition of the elaviele during the four positions of the limb demonstrated in parts B-D. The movements indieated by 
the double-headed arrovvs are/\<-^C, protraetion-retraetion; /\oD, elevation-depression. B-E. Circumduction of upper limb requires eoordinated move- 
ments ofthe peetoral girdle and glenohumeral Joint. Beginning vvith extended limb, retraeted girdle (B); neutral position (C); fìexed limb, protraeted girdle 
(D); and, fìnally, elevated limb and girdle (E). 
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MOVEMENTS OF STERNOCliAVICUliAR JOINT 

Although the SC joint is extremely strong, it is signifieantly 
mobile to allow movements of the peetoral girdle and npper 
limb (Figs. 6.91 and 6.92D). Dnring fnll elevation of the limb, 
the elaviele is raised to approximately a 60° angle. When ele- 


vation is aehieved via fiexion, it is aeeompanied by rotation 
of the elaviele aronnd its longitndinal axis. The SC joint ean 
also be moved anteriorly or posteriorly over a range of up to 
25-30°. Althongh not a typieal movement, except perhaps 
dnring ealisthenies (systematie body exercises), it is eapable 
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(C) Scapuio-humeral rhythm. The scapuia and 
humerus move in 1:2 ratio. When the 
arm is abducted 180 degrees, 60 degrees 
occurs by rotation of the scapuia, and 
120 degrees by rotation of the humerus 
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FIGIJRE 6.92. Acromioclavicular, scapulothoracic, and sternoclavicular joints. A. The right AC joint shovving thejoint capsule and partial dise (ìnset). 

B. The fíjnetion of the coracoclavicular ligament. As long as this ligament is intaet vvith the elaviele tethered to the eoronoid proeess, the aeromion eannot 
be driven inferior to the elaviele. The ligament, hovvever, does permit protraetion and retraetion ofthe aeromion. C. Rotation ofscapula at “scapulothoracic 
Joint” is an essential eomponent of abduction ofthe upper limb. D. Clavicular movements at the SC and ACJoints permit protraetion and retraetion ofthe 
scapula on the thoraeie wa\\ (redandgreen lines) and vvinging ofthe scapula {blue line). Movements of a similar seale occur during elevation, depression, and 
rotation ofthe scapula. The latter movements are sho\A/n in Table 6.5, v\/hich also indieates the muscles speeifíeally responsible for these movements. 
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of performing these movements sequentially, moving the 
aeromial end along a cireular path—a form of circumduction. 

BLOOD SUPPLY OF STERNOCLAVICULAR JOINT 

The Se joint is snpplied by the internal thoraeie and supra- 
scapular arteries (Fig. 6.39). 

NERVE SUPPLY OF STERNOCLAVICULAR JOINT 

Branehes of the medial supraclavicular nerve and the nerve to 
the subclavius supply the SC joint (Fig. 6.44 and Table 6.8). 

Acromioclavìcular Joint 

The acromioclavicular joint (AC joint) is a plane type 
of synovial joint, which is loeated 2-3 em from the “point” 
of the shonlder formed by the lateral part of the aeromion 

(Figs. 6.90 and 6.92A). 

ARTICULATION OF ACROMIOCLAVICULAR JOINT 

The aeromial end of the elaviele artienlates with the aero- 
mion of the seapnla. The artienlar snrfaees, eovered with 
fìbroeartilage, are separated by an ineomplete wedge-shaped 
articular dise. 

JOINT CAPSULE OF ACROMIOCLAVICULAR JOINT 

The sleeve-like, relatively loose fihrous layer of the joint 
eapsnle is attaehed to the margins of the artienlar snrfaees 
(Fig. 6.92A). A synovial memhrane lines the fìbrons layer. 
Althongh relatively weak, the joint eapsnle is strengthened 
snperiorly by fìbers of the trapezins. 

LIGAMENTS OF ACROMIOCLAVICULAR JOINT 

The aeromioelavienlar ligament is a fìbrons band extend- 
ing from the aeromion to the elaviele that strengthens the 
AC joint snperiorly (Figs. 6.90 and 6.93A). However, the 
integrity of the joint is maintained by extrinsic ligaments, 
distant from the joint itself. 

The eoraeoelavienlar ligament is a strong pair of bands 
that unite the eoraeoid proeess of the seapnla to the elaviele, 
anehoring the elaviele to the eoraeoid proeess. The eoraeo- 
elavienlar ligament eonsists of two ligaments, the eonoid and 
trapezoid ligaments, which are often separated by a bursa. 
The vertieal eonoid ligament is an inverted triangle (eone), 
which has its apex inferiorly where it is attaehed to the root 
of the eoraeoid proeess. Its wide attaehment (base of the 
triangle) is to the eonoid tnherele on the inferior snrfaee of 
the elaviele. The nearly horizontal trapezoid ligament is 
attaehed to the snperior snrfaee of the eoraeoid proeess and 
extends laterally to the trapezoid line on the inferior snrfaee 
of the elaviele. In addition to angmenting the AC joint, the 
eoraeoelavienlar ligament provides the means by which the 
seapnla and free limb are (passively) snspended from the ela- 
vienlar strut. 


MOVEMENTS OF ACROMIOCLAVICULAR JOINT 

The aeromion of the seapnla rotates on the aeromial end of 
the elaviele. These movements are assoeiated with motion 
at the physiologieal seapnlothoraeie joint (Figs. 6.25, 6.91, 
and 6.92; Table 6.5). No mnseles eonneet the artienlating 
bones to move the AC joint; the axio-appendicular muscles 
that attaeh to and move the seapnla cause the aeromion to 
move on the elaviele. 

BLOOD SUPPLY OF ACROMIOCLAVICULAR JOINT 

The AC joint is snpplied by the suprascapular and thoraeo- 
aeromial arteries (Fig. 6.39). 

NERVE SUPPLY OF ACROMIOCLAVICULAR JOINT 

Consistent with Hilton’s law (joints are snpplied by articu- 
lar branehes of the nerves snpplying the mnseles that aet on 
the joint), the lateral peetoral and axillary nerves supply the 
AC joint (Fig. 6.44; Table 6.8). However, eonsistent with the 
joint’s subcutaneous loeation, and the faet that no mnseles cut 
aeross the joint, innervation is also provided to the AC joint 
by the cutaneous lateral supraclavicular nerve, a manner of 
innervation more typieal of the distal limb. 

Glenohumeral Joint 

The glenohameral (shonlder) joint is a ball-and-soeket 
type of synovial joint that permits a wide range of movement; 
however, its mobility makes the joint relatively nnstable. 

ARTICULATION OF GLENOHUMERAL JOINT 

The large, round hnmeral head artienlates with the relatively 
shallow glenoid eavity of the seapnla (Figs. 6.94 and 6.95), 
which is deepened slightly but effeetively by the ring-like, 
fìbroeartilaginons glenoid lahrnm (L., lip). Both artienlar 
snrfaees are eovered with hyaline eartilage. 

The glenoid eavity aeeepts little more than a third of the 
hnmeral head, which is held in the eavity by the tonus of 
the musculotendinous rotator cuff, or SITS, muscles (supra- 
spinatus, infraspinatus, teres minor, and subscapularis) 

(Figs. 6.29 and 6.94B; Table 6.6). 

JOINT CAPSULE OF GLENOHUMERAL JOINT 

The \oosefihrous layer of thejoint eapsnle surrounds the gle- 
nohnmeral joint and is attaehed medially to the margin of 
the glenoid eavity and laterally to the anatomieal neek of the 
humerus (Fig. 6.95A & B). Superiorly, this part of the eap- 
sule eneroaehes on the root of the eoraeoid proeess so that 
the fìbrons layer of the eapsnle eneloses the proximal attaeh- 
ment of the long head of the bieeps braehii to the snpraglen- 
oid tnberele of seapnla within the joint. 

The joint eapsnle has two apertnres: (1) an opening 
between the tnbereles of the humerus for passage of the ten- 
don of the long head of the bieeps braehii (Fig. 6.93A), and 
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FIGIJRE 6.93. Glenohumeral (shoulder) joint. A. The extent ofthe synovial membrane ofthe glenohumeral joint is demonstrated in this speeimen in 
vvhieh the articular eavity has been injeeted vvith purple latex and the fibrous layer ofthe joint capsule has been removed. The articular eavity has tvvo exten- 
sions: one vvhere it forms a synovial sheath for the tendon of the long head of the bieeps braehii in the intertubercular sulcus of the humerus, and the other 
inferior to the eoraeoid proeess where it is continuous with the subscapular bursa between the subscapularis tendon and the margin of the glenoid eavity. 
The joint capsule and intrinsie ligaments of the AC joint are also seen. B. In this radiograph, the head of the humerus and the glenoid eavity overlap, 
obscuring the joint plane because the scapula does not lie in the eoronal plane (therefore the glenoid eavity is oblique, not in a sagittal plane.) (Cour- 
tesyofDr. E. L. Lansdown, Professor of Medieal Imaging, Llniversity ofToronto, Toronto, Ontario, Canada.) 


(2) an opening sitnated anteriorly, inferior to the eoraeoid 
proeess that allows eommnnieation between the snhtendi- 
nous hursa of suhscapularis and the synovial eavity of the 
joint. The inferior part of the joint eapsnle, the only part not 
reinforeed by the rotator enff mnseles, is its weakest area. 
Here the eapsnle is partienlarly lax and lies in folds when the 
arm is addneted; however, it beeomes tant when the arm is 
abdneted. 


The synovial memhrane lines the internal snrfaee of the 
fibrons layer of the eapsnle and refieets from it onto the gle- 
noid labrnm and the hnmerns, as far as the artienlar margin 

of the head (Figs. 6.93A, 6.94A, and 6.95A). 

The synovial membrane also forms a tnbnlar sheath for 
the tendon of the long head of the bieeps braehii, where it 
lies in the intertnberenlar snlens of the hnmerns and passes 
into the joint eavity (Fig. 6.93A). 
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(A) Anterolateral view of glenoid eavity; posteromedial view of humerus 
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FIGIJRE 6.94. Rotator cuflFand glenohumeral joint. 

A. Disseetion ofthe glenohumeral joint in vvhieh thejoint 
capsule vvas seetioned and the joint opened from its 
posterior aspeet as if it vvere a book. Four short SITS 
muscles (supraspinatus, infraspinatus, teres minor, and 
subscapularis) eross and surround thejoint, blending vvith 
its capsule. The anterior, internal surface demonstrates 
the glenohumeral ligaments, vvhieh vvere ineised to open 
the joint. B. The SITS muscles ofthe left rotator cuff are 
sho\A/n as they relate to the scapula and its glenoid eavity. 
The prime fìjnetion ofthese muscles and the musculoten- 
dinous rotator cuff is to hold the relatively large head of 
the humerus in the much smaller and shallovv glenoid 
eavity of the scapula. 


LIGAMENTS OF GLENOHUMERAL JOINT 

The glenohumeral ligaments, which strengthen the anterior 
aspeet of the joint eapsnle and the eoraeohnmeral ligament, 
which strengthens the joint eapsnle snperiorly, are intrinsie 
ligaments—that is, part of the fibrons layer of the joint eap- 

snle (Figs. 6.94A and 6.95B). 

The glenohumeral ligaments are three fibrons bands, 
evident only on the internal aspeet of the eapsnle, that rein- 
foree the anterior part of the joint eapsnle. These ligaments 
radiate laterally and inferiorly from the glenoid labrnm at the 
snpraglenoid tnberele of the seapnla and blend distally with 
the fibrons layer of the eapsnle as it attaehes to the anatomi- 
eal neek of the hnmerns. 


The eoraeohnmeral ligament is a strong broad band 
that passes from the base of the eoraeoid proeess to the 
anterior aspeet of the greater tnberele of the hnmerns 

(Fig. 6.95B). 

The transverse hnmeral ligament is a broad fibrons 
band that rnns more or less obliquely from the greater to the 
lesser tnberele of the hnmerns, bridging over the intertnber- 
enlar snlens (Figs. 6.93A and 6.95B). This ligament eonverts 
the groove into a eanal, which holds the synovial sheath and 
tendon of the bieeps braehii in plaee dnring movements of 
the glenohnmeral joint. 

The eoraeo-aeromial areh is an extrinsic, protee- 
tive strnetnre formed by the smooth inferior aspeet of the 
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-I- aeromion = eoraeo-aeromial areh 


FIGITRE 6.95. Capsules and lìgaments of glenohumeral and acromìoclavìcular joìnts. 

A. The bones, articular surfaces, joint capsule, eavity ofthe Joints, and the subacromial 
bursa. B. The acromioclavicular, coracohumeral, and glenohumeral ligaments. Although 
shown on the external aspeet ofthejoint capsule, the glenohumeral ligaments are actually 
a feature observed from the internal aspeet ofthe Joint (as in Fig. 6.94A). These ligaments 
strengthen the anterior aspeet of the capsule of the glenohumeral Joint, and the eoraeo- 
humeral ligament strengthens the capsule superiorly. C. Goronal MRI showingthe right 
glenohumeral and AGJoints. A, aeromion; C, elaviele; C, glenoid eavity; Cr, greater 
tubercle of humerus; H, head of humerus; A/, surgical neek of humerus. (Courtesy of 
Dr. W. Kucharczyk, Chair of Medieal Imagingand Clinical Direetor ofTri-Hospital 
Resonanee Centre, Toronto, Ontario, Canada.) 


aeromion and the eoraeoid proeess of the seapnla, with 
the eoraeo-aeromial ligament spanning between them 
(Fig. 6.95B). This osseoligamentons strnetnre forms a pro- 
teetive areh that overlies the hnmeral head, preventing its 
snperior displaeement from the glenoid eavity. The eoraeo- 
aeromial areh is so strong that a foreefnl snperior thrnst of 
the hnmerns will not fraetnre it; the hnmeral shaft or elaviele 
fraetnres first. 

Transmitting foree snperiorly along the hnmerns (e.g., 
when standing at a desk and partly snpporting the body with 
the ontstretehed limbs), the hnmeral head presses against 
the eoraeo-aeromial areh. The snpraspinatns mnsele passes 
nnder this areh and lies deep to the deltoid as its tendon 
blends with the joint eapsnle of the glenohnmeral joint as 
part of the rotator enff (Fig. 6.94). 

Movement of the snpraspinatns tendon, passing to the 
greater tnberele of the hnmerns, is faeilitated as it passes 


nnder the areh by the subacromial bursa (Fig. 6.95A), 
which lies between the areh snperiorly and the tendon and 
tnberele inferiorly. 

MOVEMENTS OF GLENOHUMERAL JOINT 

The glenohnmeral joint has more freedom of movement 
than any other joint in the body. This freedom resnlts from 
the laxity of its joint eapsnle and the large size of the hnmeral 
head eompared with the small size of the glenoid eavity. The 
glenohnmeral joint allows movements aronnd three axes 
and permits flexion-extension, abdnetion-addnetion, rota- 
tion (medial and lateral) of the hnmerns, and eirenmdnetion 

(Fig. 6.96). 

Lateral rotation of the hnmerns inereases the range of 
abdnetion. When the arm is abdneted without rotation, avail- 
able artienlar snrfaee is exhausted and the greater tnberele 
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eontaets the eoraeo-aeromial areh, preventing fnrther 
abdnetion. If the arm is then laterally rotated 180°, the 
tnbereles are rotated posteriorly and more artienlar snrfaee 
beeomes available to eontinne elevation. 

eircumduction at the glenohnmeral joint is an orderly 
sequence of flexion, abdnetion, extension, and addnetion— 
or the reverse (Fig. 6.91). Unless performed over a small 
range, these movements do not oeenr at the glenohnmeral 
joint in isolation; they are aeeompanied by movements at the 
two other joints of the peetoral girdle (SC and AC). Stiffen- 
ing or flxation of the joints of the peetoral girdle (ankylosis) 
resnlts in a mneh more restrieted range of movement, even 
if the glenohnmeral joint is normal. 

MUSCLES MOVING GLENOHUMERAL JOINT 

The movements of the glenohnmeral joint and the mns- 
eles that prodnee them—the axio-appendicular muscles, 
which may aet indireetly on the joint (i.e., aet on the 
peetoral girdle), and the scapulohumeral muscles, which 
aet direetly on the glenohnmeral joint (Tables 6.4 and 
6.5)—are illnstrated in Fignre 6.96 and listed in Table 
6.17. Other mnseles that serve the glenohnmeral joint as 
shnnt mnseles, aeting to resist disloeation without prodne- 
ing movement at the joint (e.g., when earrying a heavy 
snitease), or that maintain the large head of the hnmerns 
in the relatively shallow glenoid eavity are also listed in 
the table. 

BLOOD SUPPLY OF GLENOHUMERAL JOINT 

The glenohnmeral joint is snpplied by the anterior and pos- 
terior circumflex humeral arteries and branehes of the supra- 
scapular artery (Fig. 6.39; Table 6.7). 

INNERVATION OF GLENOHUMERAL JOINT 

The snpraseapnlar, axillary, and lateral peetoral nerves snp- 
ply the glenohnmeral joint (Table 6.8). 

BURSAE AROUND GLENOHUMERAL JOINT 

Several bursae (sae-like eavities), eontaining eapillary fllms 
of synovialfluid seereted by the synovial membrane, are sitn- 
ated near the glenohnmeral joint. Bnrsae are loeated where 
tendons rnb against bone, ligaments, or other tendons, and 
where skin moves over a bony prominenee. The bnrsae 
aronnd the glenohnmeral joint are of speeial elinieal impor- 
tanee beeanse some of them eommnnieate with the joint 
eavity (e.g., the snbseapnlar bnrsa). Consequently, opening 
a bnrsa may mean entering the eavity of the glenohnmeral 
joint. 

Subtendìnous Bursa of Subscapularís. The sub- 
tendinous bursa of subscapularis is loeated between 
the tendon of the snbseapnlaris and the neek of the seapnla 
(Fig. 6.93A). The bnrsa proteets the tendon where it passes 
inferior to the root of the eoraeoid proeess and over the neek 


of the seapnla. It nsnally eommnnieates with the eavity of the 
glenohnmeral joint throngh an opening in the flbrons layer 
of the joint eapsnle (Fig. 6.94A); thns it is really an extension 
of the glenohnmeral joint eavity. 

Subacromíal Bursa. Sometimes referred to as the suh- 
deltoid hursa, the subacroniial bursa is loeated between 
the aeromion, eoraeo-aeromial ligament, and deltoid snpe- 
riorly and the snpraspinatns tendon and joint eapsnle of the 
glenohnmeral joint inferiorly (Fig. 6.95A). Thns it faeilitates 
movement of the snpraspinatns tendon nnder the eoraeo- 
aeromial areh and of the deltoid over the joint eapsnle of the 
glenohnmeral joint and the greater tnberele of the hnmerns. 
Its size varies, bnt it does not normally eommnnieate with the 
eavity of the glenohnmeral joint. 

Elbow Joint 

The clbow joint, a hinge type of synovial joint, is loeated 
2-3 em inferior to the epieondyles of the hnmerns (Fig. 6.97). 

ARTICULATION OF ELBOW JOINT 

The spool-shaped troehlea and spheroidal capitulum of the 
hnmerns artienlate with the troehlear noteh of the nlna and 
the slightly eoneave snperior aspeet of the head of the radius, 
respeetively; therefore, there are hnmero-nlnar and hnmero- 
radial artienlations. The artienlar snrfaees, eovered with hya- 
line eartilage, are most fnlly eongrnent (in eontaet) when the 
forearm is in a position midway between pronation and snpi- 
nation and is flexed to a right angle. 

JOINT CAPSULE OF ELBOW JOINT 

Tlìeflhrous layer of the joint eapsnle snrronnds the elbow 
joint (Fig. 6.97A & C). It is attaehed to the hnmerns at the 
margins of the lateral and medial ends of the artienlar snr- 
faees of the eapitnlnm and troehlea. Anteriorly and poste- 
riorly, it is earried snperiorly, proximal to the eoronoid and 
oleeranon fossae. 

The synovial memhrane lines the internal snrfaee of 
the flbrons layer of the eapsnle and the intraeapsnlar non- 
artienlar parts of the hnmerns. It is also eontinnons inferi- 
orly with the synovial membrane of the proximal radio-nlnar 
joint. The joint eapsnle is weak anteriorly and posteriorly bnt 
is strengthened on eaeh side by eollateral ligaments. 

LIGAMENTS OF ELBOW JOINT 

The eollateral ligaments of the elbow joint are strong trian- 
gnlar bands that are medial and lateral thiekenings of the 
flbrons layer of the joint eapsnle (Figs. 6.97A and 6.98). The 
lateral, fan-like radial eollateral ligament extends from 
the lateral epieondyle of the hnmerns and blends distally 
with the anular ligament of the radins, which eneireles 
and holds the head of the radins in the radial noteh of the 
nlna, forming the proximal radio-nlnar joint and permitting 
pronation and snpination of the forearm. 
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Muscles aeting on shoulder 


(C) Flexion 


(A) Abduction 


(B) Adduction 


Goraeobraehialis 
Deltoid 
Infraspinatus 
Latissimos dorsi 
Peetoralis major 


Subscapularis 
Supraspinatus 
Teres major 
Teres minor 
Trieeps-long head 


(D) Extension 




(E) Lateral rotation 



(F) Medial rotation 


(A) & (B) Posterior views (C)--(F) Lateral views 


FIGIJRE 6.96. Movements of glenohumeral joint. 


TABLE 6.17. MOVEMENTS OF GLENOHUMERAL JOINT 


Movement 

(Function) 

Prime Mover(s) 

(From Pendent Position) 

Synergists 

Notes 

Flexion 

Peetoralis major (clavicular 
head); deltoid (clavicularand 
anterior aeromial parts) 

Goraeobraehialis (assisted by 
bieeps braehii) 

From fully extended position to its own 
(eoronal) plane, sternoeostal head of peetoralis 
major is major foree 

Extension 

Deltoid (spinal part) 

Teres major; latissimus dorsi; long 
head of trieeps braehii 

Latissimus dorsi, (sternoeostal head of 
peetoralis major, and long head of trieeps bra- 
ehii) aet from fully flexed position to their own 
(eoronal) planes 

Abduction 

Deltoid (as a whole, but 
espeeially aeromial part) 

Supraspinatus 

Supraspinatus is particularly important in 
initiating movement; also, upward rotation 
of scapula occurs throughout movement, 
making a significantcontribution 

Adduction 

Peetoralis major; latissimus 
dorsi 

Teres major; long head oftrieeps 
braehii 

In upright position and in absenee of resistanee, 
gravity is prime mover 
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TABLE 6.17. MOVEMENTS OF GLENOHUMERAL JOINT (Contìnued) 


Movement 

(Function) 

Prime Mover(s) 

(From Pendent Position) 

Synergists 

Notes 

Medial rotation 

Subscapularis 

Peetoralis major; deltoid (clavicular 
part); latissimus dorsi; teres major 

With arm elevated, "synergists”become more 
importantthan prime movers 

Lateral rotation 

lnfraspinatus 

Teres minor; deltoid (spinal part) 

Tensors of 
articular capsule 

(to hold head of 
humerus against 
the glenoid eavity) 

Subscapularis; infraspinatus 
(simultaneously) 

Supraspinatus; teres minor 

Rotator cuff (SITS) muscles aeting together; 
when "resting,"their tonus adequately 
maintains integrity ofjoint 

Resisting down- 
ward disloeation 

(shunt muscles) 

Deltoid (as a whole) 

Long head of trieeps braehii; 
eoraeobraehialis; shorthead of 
bieeps braehii 

Used espeeially when earrying heavy objeets 
(suitcases, buckets) 


Lateral- 

epieondyle 
of humerus 
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Radial- 
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of radius 
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(B) Anteroposterior (AP) view 


(A) Anterior view 
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(C) Sagittal seetion 


(D) Lateral view 


FIGURE 6.97. Elbow and proximal radio-ulnar joints. A. The thin anterior aspeet of the joint capsule has been removed to reveal the articulating surfaces 
of the bones inside. The strong eollateral ligaments were left intaet. B. Radiograph of the extended elbow joint. C. The fìbrous layer and synovial membrane 
ofthe joint capsule, the subtendinous and subcutaneous oleeranon bursae, and humero-ulnar articulation ofthe elbowjoint. D. Radiograph ofthe fìexed 
elbowjoint. (Parts B and D courtesy of Dr. E. Beeker, Assoeiate Professor of Medieal Imaging, University ofToronto, Toronto, Ontario, Ganada.) 
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FIGIJRE 6.98. Collateral lìgaments of elbow joint A. The fan-like radial 
eollateral is attaehed to the anular ligament ofthe radius, but its superficial 
fibers continue on to the ulna. B. The ulnar eollateral ligament has 
a strong, round, eord-like anterior band (part), which is taut when the 
elbow joint is extended, and a weak, fan-like posterior band, which is taut 
when the Joint is fìexed. The oblique fibers merely deepen the soeket for 
the troehlea of the humerus. 


The medial, triangular ulnar eollateral ligament 
extends from the medial epieondyle of the hnmerns to the 
eoronoid proeess and oleeranon of the nlna and eonsists of 
three bands: (1) the anterior eord-like hand is the strongest, 
(2) the posterior fan-like hand is the weakest, and (3) the 
slender ohlique hand deepens the soeket for the troehlea of 
the hnmerns. 

MOVEMENTS OF ELBOW JOINT 

Flexion and extension oeenr at the elbow joint. The long axis 
of the fnlly extended nlna makes an angle of approximately 
170° with the long axis of the hnmerns. This earrying angle 
(Fig. 6.99) is named for the way the forearm angles away 
from the body when something is earried, sneh as a pail of 
water. The obliquity of the nlna and thns of the earrying 
angle is more prononneed (the angle is approximately 10° 
more aente) in women than in men. It is teleologieally said 
to enable the swinging limbs to elear the wide female pel- 
vis when walking. In the anatomieal position, the elbow is 
against the waist. The earrying angle disappears when the 
forearm is pronated. 




FIGIJRE 6.99. Garrying angle of elbowjoint. This angle is made by the 
axes of the arm and forearm when the elbow is fully extended. Note that the 
forearm diverges laterally, forming an angle that is greater in the woman. 
Teleologieally, this is said to allow for elearanee of the wider female pelvis 
as the limbs swing during walking; however, no signifieant differenee exists 
regardingthe fìjnetion ofthe elbow. 


MUSCLES MOVING ELBOW JOINT 


A total of 17 mnseles eross the elbow and extend to the fore- 
arm and hand, most of whieh have some potential to affeet 
elbow movement. In tnrn, their fnnetion and effìeieney in 
the other movements they prodnee are affeeted by elbow 
position. The chiefflexors of the elhoiojoint are the hraehialis 
and hieeps hraehii (Fig. 6.100). The braehioradialis ean pro- 
dnee rapid fìexion in the absenee of resistanee (even when 
the ehief fìexors are paralyzed). Normally, in the presenee of 
resistanee, the braehioradialis and pronator teres assist the 
ehief fìexors in prodneing slower fìexion. The ehief extensor 
of the elhoiojoint is the trieeps hraehii, espeeially the medial 
head, weakly assisted by the aneonens. 



Flexors 


Braehialis 
Bieeps braehii 
(Braehioradialis) 


Trieeps braehii 
(Anconeus) 


Extensors 


F1GURE 6.100. Movements of elbowjoìnt and muscles that produce 
them. 
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BLOOD SUPPLY OF ELBOW JOINT 

The arteries supplying the elbow joint are derived from the 
anastomosis around the elbow joint (Fig. 6.51). 

NERVE SUPPLY OF ELBOW JOINT 

The elbow joint is snpplied by the museulocutaneous, radial, 
and ulnar nerves (Fig. 6.69; Table 6.13). 

BURSAE AROUND ELBOW JOINT 

Only some of the bnrsae aronnd the elbow joint are elinieally 
important. The three oleeranon bnrsae are (Figs. 6.97C 
and 6.101) the: 

1. Intratendinons oleeranon bnrsa, which is sometimes 
present in the tendon of trieeps braehii. 

2. Snbtendinons oleeranon bnrsa, which is loeated 
between the oleeranon and the trieeps tendon, just proxi- 
mal to its attaehment to the oleeranon. 

3. Snbentaneons oleeranon bnrsa, which is loeated in the 
subcutaneous eonneetive tissne over the oleeranon. 

The bieipitoradial bnrsa (bieeps bursa) separates the 
bieeps tendon from, and rednees abrasion against, the ante- 
rior part of the radial tnberosity. 

Proximal Radio-Ulnar Joint 

The proxinial (snperior) radio-nlnar joint is a pivot type 
of synovial joint that allows movement of the head of the 
radins on the ulna (Figs. 6.97A, B, & D and 6.102). 

ARTICULATION OF PRO^IMAL RADIO-ULNAR JOINT 

The head of the radins artienlates with the radial noteh of 
the ulna. The radial head is held in position by the annlar 
ligament of the radins. 
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FIGURE 6.101. Bursae around elbowjoint. Ofthe several bursae 
around the elbowjoint, the oleeranon bursae are most important elini- 
eally. Trauma of these bursae may produce bursitis. 
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FIGUR£ 6.102. Proximal radio-ulnarjoint. The anular ligament attaehes 
to the radial noteh ofthe ulna, forming a eollar around the head ofthe radius 
(Fig. 6.103/\) and ereating a pivot type of synovial joint. The articular eavity 
ofthe joint is continuous with that ofthe elbowjoint, as demonstrated by 
the blue latex injeeted into that spaee and seen through the thin parts ofthe 
fibrous layer ofthe capsule, including a small area distal to the anular ligament. 


JOINT CAPSULE OF PROKIMAL RADIO-ULNAR JOINT 

Thefihrons layer of thejoint eapsnle eneloses the joint and is 
eontinnons with that of the elbow joint. The synovial memhrane 
lines the deep snrfaee of the fibrons layer and non-artienlating 
aspeets of the bones. The synovial membrane is an inferior pro- 
longation of the synovial membrane of the elbow joint. 

LIGAMENTS OF PROXIMAL RADIO-ULNAR JOINT 

The strong annlar ligament, attaehed to the nlna anterior and 
posterior to its radial noteh, snrronnds the artienlating bony 
snrfaees and forms a eollar that, with the radial noteh, ere- 
ates a ring that eompletely eneireles the head of the radins 
(Figs. 6.102,6.103, and 6.104). The deep snrfaee ofthe annlar 
ligament is lined with synovial membrane, which eontinnes 
distally as a saeeiform reeess of the proximal radio-ulnar 
joint on the neek of the radins. This arrangement allows the 
radins to rotate within the annlar ligament without binding, 
stretehing, or tearing the synovial membrane. 

MOVEMENTS OF PROXIMAL RADIO-ULNAR JOINT 

Dnring pronation and snpination of the forearm, the head of the 
radins rotates within the eollar formed by the annlar ligament 
and the radial noteh of the nlna. Snpination tnms the palm 
anteriorly, or snperiorly when the forearm is fiexed (Figs. 6.103, 
6.105, and 6.106). Pronation tnms the palm posteriorly, or 
inferiorly when the forearm is fiexed. The axis for these move- 
ments passes proximally throngh the eenter of the head of the 
radins, and distally throngh the site of attaehment of the apex 
of the artienlar dise to the head (styloid proeess) of the nlna. 
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FIGITRE 6.104. Radio-ulnar ligaments and interosseous arteries. 

The ligament of the proximal radio-ulnar joint is the anular ligament. 
The ligament of the distal radio-ulnar joint is the articular dise. The interos- 
seous membrane eonneets the interosseous margins of the radius and 
ulna, forming the radio-ulnar syndesmosis. The general direetion of the 
fibers of the interosseous membrane is such that a superior thrust to the 
hand is reeeived by the radius and is transmitted to the ulna. 


FIGIJRE 6.103. Supination and pronation offorearm. A. The head of 
the radius rotates in the “soeket” formed by the anular ligament and 
radial noteh of the ulna. B. Supination is the movement of the forearm 
that rotates the radius laterally around its longitudinal axis, so that the 
dorsum of the hand faees posteriorly and the palm faees anteriorly. 
Pronation is the movement of the forearm, produced by pronators teres 
and quadratus, that rotates the radius medially around its longitudinal 
axis, so that the palm of the hand faees posteriorly and its dorsum faees 
anteriorly (Figs. 6.105 and 6.106). C. The aetions of the bieeps braehii 
and supinator in producing supination from the pronated position at the 
radio-ulnar joints. 


During pronatìon and snpinatìon, it is the radins that rotates; its 
head rotates within the enp-shaped eollar formed by the annlar 
ligament and the radial noteh on the nlna. Distally, the end of 
the radins rotates aronnd the head of the nlna. Almost always, 
snpinatìon and pronatìon are aeeompanied by synergistie move- 
ments of the glenohnmeral and elbow joints that prodnee simnl- 
taneons movement of the nlna, except when the elbow is flexed. 

MUSCLES MOVING PROXIMAL RADIO-ULNAR JOINT 

Snpination is prodneed by the snpinator (when resistanee is 
absent), and bieeps braehii (when power is required beeanse 
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FIGIJRE 6.105. Movements of dìstal radìo-ulnar joìnt durìng supìna- 
tion and pronation of forearm. The distal radio-ulnar joint is the pivot type 
of synovial joint betvveen the head ofthe ulna and the ulnar noteh ofthe 
radius. The inferior end of the radius moves around the relatively fixed end 
ofthe ulna during supination and pronation ofthe hand. The two bones 
are firmly united distally by the articular dise, referred to elinieally as the tri- 
angular ligament ofthe distal radio-ulnar joint. It has a broad attaehment 
to the radius but a narrow attaehment to the styloid proeess of the ulna, 
which serves as the pivot point for the rotary movement. 
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FIGITRE 6.106. Radìographs of radio-ulnar joints. A. In the supinated 
position, the radius and ulna are parallel. B. During pronation, the inferior 
end of the radius moves anteriorly and medially around the inferior end 
of the ulna, earrying the hand with it; thus in the pronated position, the 
radius erosses the ulna anteriorly. 1-5, the metaearpals. (Courtesy of 
Dr. j. Heslin, Toronto, Ontario, Ganada.) 


of resistanee), with some assistanee from the EPL and EGRL 
(Eig. 6.103C). Pronation is prodneed by the pronator quadra- 
tns (primarily), and pronator teres (seeondarily) (Eig. 6.103B), 
with some assistanee from the ECR, palmaris longns, and bra- 
ehioradialis (when the forearm is in the midpronated position). 

BLOOD SUPPLY OF PROKIMAL RADIO-ULNAR JOINT 

The proKÌmal radio-nlnar joint is snpplied by the radial por- 
tion of the peri-articular arterial anastomosis of the elhoto 
joint {radial and middle eollateral arteries anastomosing with 
the radial and reenrrent interosseons arteries, respeetively) 

(Eig. 6.67; Table6.12). 

INNERVATION OF PROXIMAL RADIO-ULNAR 
JOINT 

The proximal radio-nlnar joint is snpplied mainly by the 
museuloeutaneous, median, and radial nerves. Pronation is 
essentially a fnnetion of the median nerve, whereas snpina- 
tion is a fnnetion of the mnsenloentaneons and radial nerves. 


Dìstal Radio-lJlnar Joint 

The dìstal (inferior) radio-nlnar joint is a pivot type of 
synovial joint (Eig. 6.104). The radins moves aronnd the rela- 
tively fixed distal end of the nlna. 

ARTICULATION OF DISTAL RADIO-ULNAR JOINT 

The ronnded head of the nlna artienlates with the nlnar 
noteh on the medial side of the distal end of the radins. 
A fibroeartilaginons, triangnlar artienlar dise of the distal 
radio-nlnar joint (sometimes referred to by elinieians as 
the “triangnlar ligament”) binds the ends of the nlna and 
radins together, and is the main nniting strnetnre of the joint 
(Eigs. 6.104, 6.105 and 6.107B). The base of the artienlar 
dise is attaehed to the medial edge of the nlnar noteh of the 
radins, and its apex is attaehed to the lateral side of the base 
of the styloid proeess of the nlna. The proximal snrfaee of this 
dise artienlates with the distal aspeet of the head of the nlna. 
Henee, the joint eavity is L-shaped in a eoronal seetion; the 
vertieal bar of the L is between the radins and the nlna, and 
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FIGIJRE 6.107. Bones and joints of wrist and hand. A. In radiographs ofthe vvrist and hand, the “joint spaee” at the distal end ofthe ulna appears wide 

because ofthe radiolucent articular dise. (Courtesy of Dr. E. L. Lansdown, Professor of Medieal Imaging, University ofToronto, Toronto, Ontario, Ganada.) 

B. This eoronal seetion ofthe right hand demonstrates the distal radio-ulnar, wrist, interearpal, earpometaearpal, and intermetaearpal joints. Although they 

appear to be continuous when viewed radiographieally in parts A and C, the articular eavities ofthe distal radio-ulnar and wrist joints 

are separated bythe articular dise ofthe distal radio-ulnar joint. C. Goronal MRI of the wrist. The structures are identifìed in partA. (Courtesy of 

Dr. W. Kucharczyk, Professor and Neuroradiologist Senior Seientist, Department ofMedieal Resonanee Imaging, University Health NetworkToronto, 

Ontario, Canada.) 


the horizontal bar is betvveen the nlna and the artienlar dise 

(Figs. 6.107B & e and 6.108A). The artienlar dise separates 
the eavity of the distal radio-nlnar joint from the eavity of the 
wrist joint. 

JOINT CAPSULE OF DISTAL RADIO-ULNAR JOINT 

The fihrons layer of the joint eapsnle eneloses the distal 
radio-nlnar joint bnt is defieient snperiorly. The synovial 
memhrane extends snperiorly between the radins and the 
nlna to form the saeeiform reeess of the distal radio- 
ulnar joint (Fig. 6.108A). This rednndaney of the syno- 
vial eapsnle aeeommodates the twisting of the eapsnle that 
oeenrs when the distal end of the radins travels aronnd the 
relatively fixed distal end of the nlna dnring pronation of the 
forearm. 

LIGAMENTS OF DISTAL RADIO-ULNAR JOINT 

Anterior and posterior ligaments strengthen the fibrons layer 
of the joint eapsnle of the distal radio-nlnar joint. These rela- 
tively weak transverse bands extend from the radins to the 
nlna aeross the anterior and posterior snrfaees of the joint. 


MOVEMENTS OF DISTAL RADIO-ULNAR JOINT 

Dnring pronation of the forearm and hand, the distal end of 
the radins moves (rotates) anteriorly and medially, erossing 
over the nlna anteriorly (Figs. 6.103, 6.105, and 6.106). Dnr- 
ing snpination, the radins nnerosses from the nlna, its distal 
end moving (rotating) laterally and posteriorly so the bones 
beeome parallel. 

MUSCLES MOVING DISTAL RADIO-ULNAR JOINT 

The mnseles prodneing movements of the distal radio- 
nlnar joint are disenssed with the proximal radio-nlnar joint 

(p. 806). 

BLOOD SUPPLY OF DISTAL RADIO-ULNAR JOINT 

The anterior and posterior interosseons arteries snpply the 
distal radio-nlnar joint (Fig. 6.104). 

INNERVATION OF DISTAL RADIO-ULNAR JOINT 

The anterior and posterior interosseons nerves snpply the 
distal radio-nlnar joint. 
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FIGIJRE 6.108. Dìsseetìon of dìstal radìo-ulnar, radìoearpal, and interearpal joints. A. The ligaments ofthese joints are shovvn. The hand is foreibly 
extended but the Joint is intaet. Observe the palmar radioearpal ligaments, passing from the radius to the two rows of earpal bones. These strong ligaments 
are direeted so that the hand follovvs the radius during supination. B. The Joint is opened anteriorly, vvith the dorsal radioearpal ligaments serving as a hinge 
Observe the nearly equal proximal articular surfaces of the seaphoid and lunate and that the lunate articulates vvith both the radius and the articular dise. 
Only during adduction of the \A/rist does the triquetrum articulate w\th the articular dise ofthe distal radio-ulnarJoint. 
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Wrist Joint 

The wrist (radioearpal) joint is a eondyloid (ellipsoid) 
type of synovial joint. The position of the joint is indieated 
approximately by a line joining the styloid proeesses of the 
radins and nlna, or by the proximal wrist erease (Figs. 6.89, 
6.106-6.108). The ivrist (earpns), the proximal segment of 
the hand, is a complex of eight earpal bones, artienlating 
proximally with the forearm via the wrist joint and distally 
with the five metaearpals. 

ARTieniiATION OF WRIST JOINT 

The nlna does not partieipate in the wrist joint. The distal 
end of the radins and the artienlar dise of the distal radio- 
nlnar joint artienlate with the proximal roio of earpal 
hones, except for the pisiform. The latter bone aets pri- 
marily as a sesamoid bone, inereasing the leverage of the 
fiexor earpi nlnaris (FCU). The pisiform lies in a plane 
anterior to the other earpal bones, artienlating with only 
the triquetrum. 

JOINT CAPSULE OF WRIST JOINT 

The fihrons layer of the joint eapsnle snrronnds the wrist 
joint and is attaehed to the distal ends of the radins and nlna 
and the proximal row of earpals (seaphoid, Innate, and tri- 
quetrum) (Fig 6.108A & B). The synovial memhrane lines 
the internal snrfaee of the fibrons layer of the joint eap- 
snle and is attaehed to the margins of the artienlar snrfaees 
(Fig. 6.108B). Nnmerons synovial folds are present. 

LIGAMENTS OF WRIST JOINT 

The fibrons layer of the joint eapsnle is strengthened by 
strong dorsal and palmar radioearpal ligaments. The palmar 
radioearpal ligaments pass from the radins to the two rows 
of earpals (Fig. 6.108A). They are strong and direeted so that 
the hand follows the radins dnring snpination of the forearm. 
The dorsal radioearpal ligaments take the same direetion 
so that the hand follows the radins dnring pronation of the 
forearm. 

The joint eapsnle is also strengthened medially by the 
nlnar eollateral ligament, which is attaehed to the nlnar 
styloid proeess and triquetrum (Figs. 6.107B and 6.108A). 
The joint eapsnle is also strengthened laterally by the radial 
eollateral ligament, which is attaehed to the radial styloid 
proeess and seaphoid. 

MOVEMENTS OF WRIST JOINT 

The movements at the wrist joint may be angmented by 
additional smaller movements at the interearpal and mid- 
earpal joints (Fig. 6.109). The movements SiYe fiexion- 
extension, ahdnetion-addnetion (radial deviation-nlnar 
deviation), and eirenmdnetion. The hand ean be fiexed on 
the forearm more than it ean be extended; these move- 
ments are aeeompanied (aetnally, are initiated) by similar 


movements at the midearpal joint between the proximal 
and the distal rows of earpal bones. Addnetion of the hand 
is greater than abdnetion (Fig. 6.109B). Most addnetion 
oeenrs at the wrist joint. Abdnetion from the nentral posi- 
tion oeenrs at the midearpal joint. Girenmdnetion of the 
hand eonsists of sneeessive fiexion, addnetion, extension, 
and abdnetion. 

MUSCLES MOVING WRIST JOINT 

Movement at the wrist is prodneed primarily by the “earpi” 
mnseles of the forearm, the tendons of which extend along 
the fonr eorners of the wrist (eomparing a eross-seetion of 
the wrist to a reetangle; Fig. 6.109C) to attaeh to the bases 
of the metaearpals. The FCU does so via the pisohamate 
ligament (Fig. 6.110A), a eontinnation of the FCU tendon 
if the pisiform is eonsidered a sesamoid bone within the 
tendon. 

• Flexion of the lorist joint is prodneed by the FCB 
and FCU, with assistanee from the fiexors of the fin- 
gers and thnmb, the palmaris longns and the APL 

(Fig. 6.109C). 

• Extension of the lorist joint is prodneed by the ECBL, 
ECRB, and ECU, with assistanee from the extensors of 
the fingers and thnmb. 

• Ahdnetion of the lorist joint is prodneed by the APL, 
FCR, ECRL, and ECRB; it is limited to approximately 
15° beeanse of the projeeting radial styloid proeess. 

• Addnetion of the loristjoint is prodneed by simnltaneons 
eontraetion of the ECU and FCU. 

Most aetivities require a small amonnt of wrist fiexion; 
however, tight grip (elenehing of the fist) requires extension 
at the wrist. The mildly extended position is also the most 
stable and the “resting position.” 

BLOOD SUPPLY OF WRIST JOINT 

The arteries snpplying the wrist joint are branehes of the dor- 
sal and palmar earpal arehes (Figs. 6.6lA and 6.67). 

INNERVATION OF WRIST JOINT 

The nerves to the wrist joint are derived from the anterior 
interosseons braneh of the median nerve, the posterior inter- 
osseons braneh of the radial nerve, and the dorsal and deep 
branehes of the nlnar nerve (Figs. 6.69 and 6.85; Tables 6.13 
and 6.16). 

interearpal Joints 

The interearpal (IC) joints, intereonneeting the earpal 
bones, are plane synovial joints (Fig. 6.107), which may be 
snmmarized as follows: 

• Joints between the earpal bones of the proximal row. 

• Joints between the earpal bones of the distal row. 
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FIGITRE 6.109. Movements of wrist. A. In this sagittal seetion ofthe wrist and hand during extension and fìexion, observe the radioearpal, midearpal, 
and earpometaearpal articulations. Most movement occurs at the radioearpal joint, with additional movement taking plaee at the midearpal Joint during 
full fìexion and extension. B. Movement at the radioearpal (RC) and midearpal (MC) joints during adduction and abduction is demonstrated as seen in 
posteroanterior radiography. C. The arrows indieate the direetion the hand would move when tendons of the primary (“earpi”) muscles aeting at the “four 
eorners” ofthe joint aet individually or in unison. ECRB, extensor earpi radialis brevis; ECRL, extensor earpi radialis longus; ECU, extensor earpi ulnaris; FCR, 
fìexor earpi radialis; FCU, fìexorcarpi ulnaris. 


• The midearpal joint, a complex joint between the proxi- 
mal and distal rows of earpal bones. 

• The pisotriquetral joint, formed from the artien- 
lation of the pisiform with the palmar snrfaee of the 
triquetrum. 

JOINT CAPSULE OFINTERGARPAL JOINTS 

A eontinnons, eommon artienlar eavity is formed by the IC 
and earpometaearpal joints, with the exception of the ear- 
pometaearpal joint of the thnmb, which is independent. 
The wrist joint is also independent. The eontinnity of the 
artienlar eavities, or the laek of it, is signifìeant in relation to 
the spread of infeetion and to arihroseopy, in which a fìex- 
ible fìberoptie seope is inserted into the artienlar eavity to 


view its internal snrfaees and featnres. The fihrons layer of 
thejoìnt eapsnle snrronnds the IC joints, which helps nnite 
the earpals. The synovial memhrane lines the fìbrons layer 
and is attaehed to the margins of the artienlar snrfaees of 
the earpals. 

LIGAMENTS OFINTERGARPAL JOINTS 

The earpals are nnited by anterior, posterior, and interosse- 
ons ligaments (Figs. 6.108 and 6.110A). 

MOVEMENTS OFINTERGARPAL JOINTS 

The gliding movements possible between the earpals oeenr 
eoneomitantly with movements at the wrist joint, angment- 
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(B) Laterai view, right hand 
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FIGIJRE 6.110. Joints of hand. A. Palmar ligaments ofthe radio-ulnar, radioearpal, interearpal, earpometaearpal, and interphalangeal joints. B. Meta- 
earpophalangeal and interphalangeal Joints. The palmar ligaments (plates) are modifieations ofthe anterior aspeet ofthe MP and IPJoint capsules. C. The 
fìexed index fìnger demonstrates its phalanges and the position ofthe MP and IPJoints. The knuckles are formed by the heads ofthe bones, with the joint 
plane lying distally. 


ing them and inereasing the overall range of movement. 
Flexion and extension of the hand are aetnally initiated at the 
mìdearpal joìnt, betvveen the proximal and the distal rows of 
earpals (Figs. 6.107B and 6.109A). Most flexion and addne- 

tion oeenr mainly at the wrist joint, whereas extension and 
abdnetion oeenr primarily at the midearpal joint. Movements 
at the other IC joints are small, with the proximal row being 
more mobile than the distal row. 

BLOOD SUPPLY OFINTERGARPAL JOINTS 

The arteries snpplying the IC joints are derived from the dor- 
sal and palmar earpal arehes (Fig. 6.82; Table 6.15). 

INNERVATION OFINTERGARPAL JOINTS 

The le joints are snpplied by the anterior interosseons braneh 
of the medìan nerve and the dorsal and deep branehes of the 
nlnar nerve (Fig. 6.85; Table 6.16). 


Carpometacarpal and 
intermetaearpal Joìnts 

The earpometaearpal (CMC) and intermetaearpal (IM) 
joints are the plane type of synovial joint, except for the CMC 
joint of the thnmb, which is a saddle joint (Fig. 6.107). 

ARTICULATIONS OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The distal snrfaees of the earpals of the distal row artienlate 
with the earpal snrfaees of the bases of the metaearpals at 
the CMC joints. The important CMC joint of the thnmb is 
between the trapezinm and the base of the Ist metaearpal; 
it has a separate artienlar eavity. Like the earpals, adjaeent 
metaearpals artienlate with eaeh other; IM joints oeenr 
between the radial and nlnar aspeets of the bases of the meta- 
earpals. 
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JOINT CAPSULE OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The medial four CMC joints and three IM joints are enelosed 
by a eommonjoint eapsnle on the palmar and dorsal snrfaees. 
A eommon synovial memhrane lines the internal snrfaee of 
the fìbrons layer of the joint eapsnle, surrounding a eom- 
mon artienlar eavity. Thefihrons layer of the CMC joint of 
the thnmh surrounds the joint and is attaehed to the mar- 
gins of the artienlar snrfaees. The synovial memhrane lines 
the internal snrfaee of the fìbrons layer. The looseness of the 
eapsnle faeilitates free movement of the joint of the thumb. 

LIGAMENTS OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The bones are nnited in the region of the joints by palmar 
and dorsal CMC and IM ligaments (Fig. 6.110A) and by 
interosseons IM ligaments (Fig. 6.107B). In addition, the 
snperfìeial and deep transverse metaearpal ligaments 
(the former part of the palmar aponenrosis), assoeiated with 
the distal ends of the metaearpals, play a role in limiting 
movement at the CMC and IM joints as they limit separa- 
tion of the metaearpal heads. 

MOVEMENTS OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The CMC joint of the thumb permits angular movements in 
any plane (fìexion-extension, abduetion-adduetion, or eirenm- 
dnetion) and a restrieted amonnt of axial rotation. Most impor- 
tant, the movement essential to opposition of the thnmh oeenrs 
here. Althongh the opponens pollieis is the prime mover, all of 
the hypothenar mnseles eontribnte to opposition. 

Almost no movement oeenrs at the CMC joints of the 2nd 
and 3rd digits, that of the 4th digit is slightly mobile, and 
that of the 5th digit is moderately mobile, fìexing and rotat- 
ing slightly dnring a tight grasp (Fig. 6.73G & H). When the 
palm of the hand is “enpped” (as dnring pad-to-pad opposi- 
tion of thumb and little fìnger), two thirds of the movement 
oceur at the CMC joint of the thumb, and one third oeenrs at 
the CMC and IC joints of the 4th and 5th fìngers. 

BLOOD SUPPLY OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The CMC and IM joints are snpplied hy peri-artieular arte- 
rial anastomoses of the vorist and hand (dorsal and palmar 
earpal arehes, deep palmar areh, and metaearpal arteries) 

(Figs. 6.82 and 6.83). 

INNERVATION OF CARPOMETACARPAL 
AND INTERMETACARPAL JOINTS 

The CMC and IM joints are snpplied by the anterior inter- 
osseons braneh of the median nerve, posterior interosseons 
braneh of the radial nerve, and dorsal and deep branehes of 
the ulnar nerve (Fig. 6.85). 


Metaearpophalangeal 
and Interphalangeal Joints 

The metaearpophalangeal joints are the eondyloid type of 
synovial joint that permit movement in two planes: fìexion- 
extension and adduction-abduction. The interphalangeal 
joints are the hinge type of synovial joint that permit fìexion- 
extension only (Fig. 6.110B). 

ARTICULATIONS OF METAOARPOPHALANGEAL 
AND INTERPHALANGEAL JOINTS 

The heads of the metaearpals artienlate with the bases of the 
proximal phalanges in the MP joints, and the heads of the 
phalanges artienlate with the bases of more distally loeated 
phalanges in the IP joints. 

JOINT CAPSULES OF METAOARPOPHALANGEAL 
AND INTERPHALANGEAL JOINTS 

Ajoint eapsnle eneloses eaeh MC and IP joint with a syno- 
vial memhrane lining sifihrons layer that is attaehed to the 
margins of eaeh joint. 

LIGAMENTS OF METAGARPOPHALANGEAL 
AND INTERPHALANGEAL JOINTS 

The fìbrons layer of eaeh MC and IP joint eapsnle is strength- 
ened by two (medial and lateral) eollateral ligaments. 
These ligaments have two parts: 

• Denser “eord-like” parts that pass distally from the heads 
of the metaearpals and phalanges to the bases of the pha- 
langes (Fig. 6.110A & B). 

• Thinner ‘fan-like” parts that pass anteriorly to attaeh to 
thiek, densely fìbrons or fìbroeartilaginons plates, the pal- 
mar ligaments (plates), which form the palmar aspeet of 
the joint eapsnle. 

The fan-like parts of the eollateral ligaments cause the pal- 
mar ligaments to move like a visor over the nnderlying meta- 
earpal or phalangeal heads. 

The strong eord-like parts of the eollateral ligaments of 
the MP joint, being eeeentrieally attaehed to the metaearpal 
heads, are slaek dnring extension and taut during fìexion. As a 
resnlt, the fìngers eannot usually be spread (abducted) when 
the MP joints are fnlly fìexed. The interphalangeal joints have 
eorresponding ligaments, but the distal ends of the proxi- 
mal and middle phalanges, being fìattened anteroposteriorly 
and having two small eondyles, permit neither addnetion or 
abdnetion. 

The palmar ligaments blend with the fìbrons digital 
sheaths and provide a smooth, longitndinal groove that 
allows the long fìexor ligaments to glide and remain eentrally 
plaeed as they eross the convexities of the joints. The pal- 
mar ligaments of the 2nd-5th MP joints are nnited by deep 
transverse metaearpal ligaments that hold the heads of 
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the metaearpals together. In addition, the dorsal hood of 
eaeh extensor apparatns attaehes anteriorly to the sides of 
the palmar plates of the MP joints. 

MOVEMENTS OF METAGARPOPHALANGEAL 
AND INTERPHALANGEAL JOINTS 

Flexion-extension, abdnetion-addnetion, and eirenmdne- 
tion of the 2nd-5th digits oeenr at the 2nd-5th MP joints. 
Movement at the MP joint of the thnmb is limited to flexion- 
extension. Only flexion and extension oeenr at the IP joints. 


BLOOD SUPPLY OF METAGARPAL 
AND INTERPHALANGEAL JOINTS 

Deep digital arteries that arise from the snperfleial palmar 
arehes snpply the MC and IP joints (Figs. 6.82 and 6.83). 

INNERVATION OF METAGARPAL 
AND INTERPHALANGEAL JOINTS 

Digital nerves arising from the nlnar and median nerves snp- 
ply the MC and IP joints (Figs. 6.85A & B). 


JOINTS OF UPPER LIMB 



Disloeation of Sternoelavienlar Joint 

The rarity of disloeation of the SC joint attests to its 
strength, whieh depends on its ligaments, its dise, and 
the way forees are generally transmitted along the elav- 
iele. When a blow is reeeived to the aeromion of the seapnla, or 
when a foree is transmitted to the peetoral girdle dnring a fall on 
the ontstretehed hand, the foree of the blow is nsnally transmit- 
ted along the length of the elaviele, i.e., along its long axis. The 
elaviele may fraetnre near the jnnetion of its middle and lateral 
thirds, bnt it is rare for the SC joint to disloeate. Most disloeations 
of the Se joint in persons < 25 years of age resnlt from fraetnres 
throngh the epiphysial plate beeanse the epiphysis at the stemal 
end of the elaviele does not elose nntil 23-25 years of age. 


Ankylosis of Sternoelavienlar Joint 


that the aeromion ean pass inferior to the aeromial end of the 
elaviele. Disloeation of the AC joint makes the aeromion more 
prominent, and the elaviele may move snperior to this proeess. 


Calcific Snpraspinatns Tendinitis 

Inflammation and ealeifleation of the snbaeromial 
bnrsa resnlt in pain, tenderness, and limitation of 



movement of the glenohnmeral joint. This eondi- 
tion is also known as ealeifie seapnlohnmeral hnrsitis. 
Deposition of ealeinm in the snpraspinatns tendon is eom- 
mon. This eanses inereased loeal pressnre that often eanses 
exemciating pain dnring abdnetion of the arm; the pain may 
radiate as far as the hand. The ealeinm deposit may irritate 
the overlying snbaeromial bnrsa, prodneing an inflammatory 
reaetion known as snhaeromial hnrsitis (Fig. B6.32). 

As long as the glenohnmeral joint is addneted, no pain nsn- 
ally resnlts beeanse in this position the painfnl lesion is away 
from the inferior snrfaee of the aeromion. In most people. 


Movement at the SC joint is eritieal to movement of the pain oeenrs dnring 50-130° of abdnetion (painfnl are syn- 

the shonlder. When ankylosis (stiffening or 6xation) drome) beeanse dnring this are the snpraspinatns tendon is 

of the joint oeenrs, or is neeessaiy snrgieally, a seetion in intimate eontaet with the inferior snrfaee of the aeromion. 

of the eenter of the elaviele is removed, ereating a psendojoint The pain nsnally develops in males 50 years of age and older 



or “flaiF joint to permit seapnlar movement. 


after nnnsnal or excessive nse of the glenohnmeral joint. 


Disloeation of Aeromioelavienlar Joint 

Althongh its extrinsic eoraeoelavienlar ligament is 
strong, the AC joint itself is weak and easily injnred 
by a direet blow (Fig. B6.31A-D). In eontaet sports 
sneh as football, soeeer, hoekey, or the martial arts, it is not 
nneommon for disloeation of the AC joint to resnlt from a 
hard fall on the shonlder or on the ontstretehed npper limb. 
Disloeation of the AC joint ean also oeenr when an iee hoekey 
player is driven into the boards or when a person reeeives a 
severe blow to the snperolateral part of the baek. 

An AC joint disloeation, often ealled a “shonlder separa- 
tion,” is severe when both the AC and eoraeoelavienlar liga- 
ments are torn. When the eoraeoelavienlar ligament tears, the 
shonlder separates from the elaviele and falls beeanse of the 
weight of the npper limb. Rnptnre of the eoraeoelavienlar liga- 
ment allows the flbrons layer of the joint eapsnle to be torn so 


Rotator Cuff Injuries 

The mnsenlotendinons rotator enff is eommonly 
injnred dnring repetitive nse of the npper limb above 
the horizontal (e.g., dnring throwing and racquet 
sports, swimming, and weightlifting). Reenrrent inflammation 
of the rotator enff, espeeially the relatively avasenlar area of the 
snpraspinatns tendon, is a eommon eanse of shonlder pain and 
resnlts in tears of the mnsenlotendinons rotator enff 

Repetitive nse of the rotator enff mnseles (e.g., by base- 
ball pitehers) may allow the hnmeral head and rotator enff to 
impinge on the eoraeo-aeromial areh (Fig. 6.95B), prodneing 
irritation of the areh and inflammation of the rotator enff. As 
a resnlt, degenerative tendonitis of the rotator cujf develops. 
Attrition of the snpraspinatns tendon also oeenrs (Fig. B6.32). 

To testfor degenerative tendonitis of the rotator cujf, the 
person is asked to lower the fnlly abdneted limb slowly and 
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(A) Disloeation of 
acromioclavicular 
joint without 
ligament rupture 



(B) Disloeation of 
acromioclavicular 
joint and rupture of 
coracoclavicular 
ligament 



(D) AP view 


FIGUR£ B6.31. 


smoothly. From approximately 90° abdoetion, the limb will sud- 
denly drop to the side in an nneontrolled manner if the rotator 
enff (espeeially its snpraspinatns part) is diseased and/or tom. 

Rotator enff injnries may also oeenr dnring a sndden strain 
of the mnseles, for example, when an older person strains to lift 
something, such as a window that is stnek. This strain may mptnre 
a previonsly degenerated mnsenlotendinons rotator cufí A fall on 
the shorJder may also tear a previonsly degenerated rotator enff 
Often the intracapsular part of the tendon of the long head of the 
bieeps braehii beeomes frayed (even wom away), leaving it adher- 
ent to the intertubercular snlens. As a resnlt, shonlder stiffness 
oeenrs. Beeanse they fnse, the integrity of the fìbrons layer of the 
joint eapsnle of the glenohnmeral joint is nsnally eompromised 
when the rotator enff is injnred. As a resnlt, the artienlar eavity 
eommnnieates with the snbaeromial bnrsa. Beeanse the supra- 
spinatns mnsele is no longer fnnetional with a eomplete tear of 
the rotator enff, the person eannot initiate abdnetion of the npper 
limb. If the arm is passively abdneted 15° or more, the person 
ean nsnally maintain or eontinne the abdnetion nsing the deltoid. 


Disloeation of Glenohnmeral Joint 

Beeanse of its freedom of movement and instability, 
the glenohnmeral joint is eommonly disloeated by 
direet or indireet injnry. Beeanse the presenee of 
the eoraeo-aeromial areh and snpport of the rotator enff are 
effeetive in preventing upward disloeation, most disloeations 
of the hnmeral head oeenr in the downward (inferior) 



direetion. However, they are deseribed elinieally as anterior 
or (more rarely) posterior disloeations, indieating whether 
the hnmeral head has deseended anterior or posterior to the 
infraglenoid tnberele and long head of the trieeps. The head 
ends up lying anterior or posterior to the glenoid eavity. 
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synovial mennbrane of 
subacromial bursa 


Deltoid 
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FIGURE B6.32. Attrìtìon of the supraspìnatus tendon. 
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Anterior disloeation of the glenohnmeral joint occurs most 
often in young adnlts, partienlarly athletes. It is nsnally eansed 
by excessive extension and lateral rotation of the hnmems (Fig. 
B6.33). The head of the hnmerns is driven infero-anteriorly, and 
the fibrons layer of the joint eapsnle and glenoid labrnm may 
be stripped from the anterior aspeet of the glenoid eavity in the 
proeess. A hard blow to the hnmems when the glenohnmeral 
joint is fnlly abdneted tilts the head of the hnmerns inferiorly 
onto the inferior weak part of the joint capsule. This may tear 
the eapsnle and disloeate the shoulder so that the hnmeral head 
eomes to lie inferior to the glenoid eavity and anterior to the 
infraglenoid tnberele. The strong fiexor and adductor mnseles 
of the glenohnmeral joint usually subsequently pnll the hnmeral 
head anterosuperiorly into a snbeoraeoid position. Unable to nse 
the arm, the person eommonly supports it with the other hand. 

Infenor disloeation of the glenohnmeral joint often oeenrs 
after an avnlsion fraetnre of the greater tnberele of the hnmems, 
owing to the absenee of the upward and medial pnll prodneed 
by mnseles attaehing to the tnberele (see Fig. B6.2A, p. 685). 




Axillary Nerve Injury 

The axillary nerve may be injnred when the gleno- 
hnmeral joint disloeates beeanse of its elose relation 
to the inferior part of the joint eapsnle (Fig. B6.34). 
The snbglenoid displaeement of the head of the hnmerns 
into the quadrangular spaee damages the axillary nerve. 
Axillary nerve injnry is indieated by paralysis of the deltoid 
(manifest as an inability to abdnet the arm to or above the 
horizontal level) and loss of sensation in a small area of skin 
eovering the eentral part of the deltoid (see the blne box 
'Tnjnry to Axillary Nerve” on p. 710 and Fig. B6.8). 


Coraco-acromial areh 


Lateral 
rotation 



Excessive 
extension 


Fibrous layer of 
joint capsule 


FIGURE B6.34. 


Glenoid Labrum Tears 


and subluxation (partial disloeation) of the glenohnmeral joint. 
The tear often resnlts from sndden eontraetion of the bieeps 
or foreefnl subluxation of the hnmeral head over the glenoid 
labrnm (Fig. 6.95A). Usually a tear oeenrs in the anterosnpe- 
rior part of the labrnm. The typieal symptom is pain while 
throwing, espeeially dnring the aeeeleration phase. A sense of 
popping or snapping may be felt in the glenohnmeral joint 
dnring abdnetion and lateral rotation of the arm. 



Tearing of the fihroeartilaginons glenoid lahrnm Adh6SÌV6 Capsulitis of 


eommonly oeenrs in athletes who throw a baseball or 
football and in those who have shonlder instability 
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Gl6nohum6ral Joint 

Adhesive fibrosis and searring between the infiamed 
joint eapsnle of the glenohnmeral joint, rotator cuff, 
snbaeromial bnrsa, and deltoid nsnally eanse adhesive 
eapsnlitis (“frozen shonlder”), a eondition seen in individnals 
40-60 years of age. A person with this eondition has diffienlty 
abdneting the arm and ean obtain an apparent abdnetion of up 
to 45° by elevating and rotating the seapnla. Beeanse of the 
laek of movement of the glenohnmeral joint, strain is plaeed on 
the AC joint, which may be painfnl dnring other movements 
e.g., elevation, or shrngging, of the shonlder). Injnries that 
may initiate acute capsulitis are glenohumeral disloeations, 
ealeifie supraspinatus tendinitis, partial tearing of the rotator 
cuff, and bieipital tendinitis (Salter, 1999). 


FIGURE B6.33. Dìsloeatìon of glenohumeral joìnt. 


Bnrsitis of Elbow 

The subeutaneous oleeranon bursa (Figs. 6.97C and 
6.101) is exposed to injnry dnring falls on the elbow 
and infeetion from abrasions of the skin eovering 
the oleeranon. Repeated excessive pressnre and frietion, as 
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occurs in wrestling, for example, may eanse this bnrsa to 
beeome inflamed, prodneing a frietion suhcutaneous oleera- 
non hnrsitis (e.g., “stndents elbow”) (Fig. B6.35). This type 
of bnrsitis is also known as “dart thrower s elbow” and “min- 
er s elbow.” Oeeasionally, the bnrsa beeomes infeeted and the 
area over the bnrsa beeomes inflamed. 

Suhtendinous oleeranon hnrsitis is mneh less eommon. It 
resnlts from excessive frietion between the trieeps tendon 
and oleeranon, for example, resnlting from repeated flexion- 
extension of the forearm, as oeenrs dnring eertain assem- 
bly-line jobs. The pain is most severe dnring flexion of the 
forearm beeanse of pressnre exerted on the inflamed sub- 
tendinons oleeranon bnrsaby the trieeps tendon (Fig. 6.101). 

Bieipitoradial hnrsitis (hieeps hnrsitis) resnlts in pain 
when the forearm is pronated because this aetion eompresses 
the bieipitoradial bnrsa against the anterior half of the tnber- 
osity of the radius (see “Bursa aronnd elbow joint,” p. 804). 



FIGURE B6.35. 



Avulsìon of Medial Epieondyle 

Avnlsion (foreed separation) of the medial epieon- 
dyle in ehildren ean result from a fall that eauses 
severe abdnetion of the extended elbow, an abnor- 
mal movement of this artienlation. The resulting traetion on 
the nlnar eollateral ligament pnlls the medial epieondyle dis- 
tally (Fig. B6.36). The anatomieal basis of the avulsion is that 
the epiphysis for the medial epieondyle may not fnse with the 
distal end of the hnmerns nntil up to age 20. Usually fnsion 
is eomplete radiographieally at age 14 in females and age 
16 in males. 

Traetion injury of the ulnar nerve is a frequent eompliea- 
tion of the abdnetion type of avulsion of the medial epieon- 
dyle of the hnmerns. The anatomieal basis for stretehing of 
the nlnar nerve is that it passes posterior to the medial epi- 
eondyle before entering the forearm (see Fig. 6.47A). 


IJlnar Gollateral Lìgament 
Reeonstrnetion 



Rnptnre, tearing, or stretehing of the nlnar eollat- 
eral ligament (UCL; Fig. 6.107B) are inereasingly 
eommon injnries related to athletie throwing—pri- 
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FIGURE B6.36. 


marily baseball pitehing (Fig. B6-37A), bnt also football pass- 
ing, javelin throwing, and playing water polo. Reeonstrnetion 
of the UCL, known as a “Tommy John proeednre” (after the 
flrst piteher to nndergo the snrgery), involves an antologons 
transplant of a long tendon from the eontralateral forearm 
or leg (e.g., the palmaris longns or plantaris tendon; 
Fig. B6-37B). A 10- to 15-em length of tendon is passed 
throngh holes drilled throngh the medial epieondyle of the 
hnmerns and the lateral aspeet of the eoronoid proeess of the 

nlna (Fig. B6-37C-E). 



Dìsloeatìon of Elbow Joìnt 

Posterior disloeation of the elhovo joint may occur 
when ehildren fall on their hands with their elbows 
flexed. Disloeations of the elbow may also resnlt 
from hyperextension or a blow that drives the ulna poste- 
rior or posterolateral. The distal end of the hnmerns is 
driven throngh the weak anterior part of the flbrous layer 
of the joint eapsnle as the radins and nlna disloeate poste- 
riorly (Fig. B6.38). The nlnar eollateral ligament is often 
torn, and an assoeiated fraeture of the head of the radius, 
eoronoid proeess, or oleeranon proeess of the ulna may 
oeenr. Injnry to the ulnar nerve may oeenr, resnlting in 
nnmbness of the little flnger and weakness of flexion and 
addnetion of the wrist. 


Subluxation and Disloeation 
of Radial Head 



Presehool ehildren, partienlarly girls, are vulnerable 
to transient suhluxation (ineomplete disloeation) of 
the head of the radins (also ealled “nnrsemaids 
elbow” and “pnlled elbow”). The history of these disloeations 
is typieal. The ehild is snddenly lifted (jerked) by the npper 
limb while the forearm is pronated (e.g., lifting a ehild) 
(Fig. B6.39A). The ehild may ery ont, refnse to nse the limb, 
and proteet their limb by holding it with the elbow flexed and 
the forearm pronated. 
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FIGURE B6.37. 


The sudden pulling of the upper limb tears the distal 
attaehment of the annlar ligament, where it is loosely attaehed 
to the neek of the radins. The radial head then moves distally, 
partially ont of the “soeket” formed by the annlar ligament 
(Fig. B6.39B). The proximal part of the torn ligament may 
beeome trapped between the head of the radins and the 
eapitnlnm of the hnmerns. 

The sonree of pain is the pinehed annlar ligament. Treatment 
of the subluxation eonsists of snpination of the ehild s forearm 
while the elbow is flexed (Salter, 1999). The tear in the annlar 
ligament heals when the limb is plaeed in a sling for 2 weeks. 


Wrist Fractures and Disloeations 

Fraetnre of the distal end of the radins {Colles frae- 
ture), the most eommon fraetnre in people >50 years 
of age, is discussed in the blne box “Fraetnres of 
Radins and Ulna ’ on p. 685. Fraetnre of the seaphoid, rela- 
tively eommon in yonng adnlts, is disenssed in the blne box 
“Fraetnre of Seaphoid” on p. 686. 



Radius 


Ulna 



Humerus 


Fractured 
oleeranon 
(of ulna) 


FIGURE B6.38. Disloeation of elbow. 


Anterior disloeation of the Innate is an nneommon bnt seri- 
ous injnry that usually resnlts from a fall on the dorsiflexed wrist 
(Fig. B6.40A). The Innate is pnshed ont of its plaee in the floor 
of the earpal tnnnel toward the palmar snrfaee of the wrist. The 
displaeed Innate may eompress the median nerve and lead to 
earpal tunnel syndrome (disenssed on p. 790). Beeanse of its 
poor blood snpply avasenlar neerosis ofthe lunate may occur. In 
some eases, excision of the Innate may be required. In degenera- 
tivejoint disease of the ivrist, snrgieal fiision of earpals {arthrod- 
esis) may be neeessary to relieve the severe pain. 

Fraetnre-separation of the distal radial epiphysis is eom- 
mon in ehildren beeanse of frequent falls in which forees are 
transmitted from the hand to the radins (Fig. B6.40B & C). 
In a lateral radiograph of a ehild s wrist, dorsal displaeement 
of the distal radial epiphysis is obvions (Fig. B6.40C). When 
the epiphysis is plaeed in its normal position dnring reduc- 
tion, the prognosis for normal bone growth is good. 


Bull Rìder’s Thumb 

Bull riders thumh refers to a sprain of the radial eol- 
lateral ligament, and an avnlsion fraetnre of the lateral 
part of the proximal phalanx of the thumb. This injury 
is eommon in individnals who ride meehanieal bulls. 



Skier’s Thumb 

Skiers thumh (historieally, game-keepers thumb) 
refers to the rupture or ehronie laxity of the eollateral 
ligament of the Ist MP joint (Fig. B6.41). The injnry 
resnlts from hyperabdnetion of the MP joint of the thumb, 
which occurs when the thumb is held by the ski pole while the 
rest of the hand hits the gronnd or enters the snow. In severe 
injnries, the head of the metaearpal has an avnlsion fraetnre. 
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FIGITRE B6.39. Disloeation (subluxation) of proximal radio-ulnar joint. 
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The Bottom Lìne 


JOINTS OF UPPER LIMB 

Joìnts of peetoral gìrdle: The joints ofthe peetoral girdle 
are aeeessory to the glenohumeral Joint in positioning the 
upper limb. ♦ The SC Joint links the appendicular skeleton to 
the axial skeleton. ♦ The SC and AC joints enable the move- 
ment at the physiologieal scapulothoracic Joint, where approxi- 
mately 1 ° of movement occurs for every 3° of arm movement 
(scapulohumeral rhythm). In turn, approximately two thirds of 
the movement at the scapulothoracic Joint result from motion 
at the Sejoint, and one third is from motion at the ACJoint. 

♦ The strength and integrity of the Joints ofthe shouldercom- 
plex do not depend on congruity of the articular surfaces. 

♦ The integrity of the SC and ACJoints results from intrinsie 
and extrinsic ligaments and the SC articular dise. 

Glenohunneral (shoulder) Joìnt: The glenoid eavityofthe 
scapula forms a shallow soeket for the relatively large head of 
the humerus in this ball-and-soeketjoint; the fossa is deepened 
only slightly (yet signifieantly in terms of stability) by the glen- 
oid labrum. ♦ Further, the fibrous capsule is loose to permit the 
wide range of movement that occurs at this Joint. ♦ Integrity of 
the glenohumeral Joint is maintained largely by the tonie and 
aetive eontraetion of the muscles aeting aeross it, particularly 
the SITS (rotator cuff) muscles. ♦ Degeneration ofthe rotator 
cuff is eommon in advaneed age, resulting in pain, limited range 
and strength of movement, and inflammation of surrounding 
bursae that develop open communication with the Joint eavity. 

Elbow Joìnt: Although the elbowJoint appears simple 
because of its primary function as a hingejoint, the faet that 
it involves the articulation of a single bone proximally with 
two bones distally, one of which rotates, eonfers surpris- 
ing complexity on this compound (three-part) Joint. ♦ The 
hinge movement, the ability to transmit forees, and the high 
degree of stability of the Joint primarily result from the eon- 
formation ofthe articular surfaces ofthe humero-ulnarJoint 
(i.e., of the troehlear noteh of the ulna to the troehlea of the 
humerus). ♦ The integrity and fijnetions of the humeroradial 
Joint and proximal radio-ulnarJoint complex depends primar- 
ily on the eombined radial eollateral and anular ligaments. 

♦ The radiohumeral Joint is the portion ofthe elbowJoint 
between the capitulum and the head of the radius. 


Radìo-ulnar Joìnts: The eombined synovial proximal 
and distal radio-ulnarJoints plus the interosseous membrane 
enable pronation and supination of the forearm. ♦ The anu- 
lar ligament of the proximal Joint, articular dise of the distal 
Joint, and interosseous membrane not only hold the two bones 
together while permitting the neeessary motion between them 
but (espeeially the membrane) also transmit forees reeeived 
from the hand by the radius to the ulna for subsequent trans- 
mission to the humerus and peetoral girdle. 

Wnst Joìnt: Motion at the wrist moves the entire hand, 
making a dynamie contribution to a skill or movement, or 
allowing it to be stabilized in a particular position to maxi- 
mize the effeetiveness of the hand and fingers in manipulat- 
ing and holding objeets. ♦ Complexity as well as fìexibility 
of the wrist results from the number of bones involved. ♦ 
Extension-fìexion, abduction-adduction, and circumduction 
occur. ♦ Overall, most wrist movement occurs at the wrist 
(radioearpal) Joint between the radius and articular dise ofthe 
distal radio-ulnar Joint and the proximal row of earpal bones 
(primarily the seaphoid and lunate). ♦ However, eoneomitant 
movement at the interearpal (IC)Joints (espeeially the midear- 
pal lejoint) augments these movements. 

Joìnts of hand: The earpometaearpal (CMC) Joints of 
the four medial fingers, which share a eommon articular 
eavity, have limited motion (espeeially those ofthe 2nd and 
3rd digits), contributing to the stability of the palm as a 
base from and against which the fingers operate. 

♦ Motion occurs at the CMC Joints for the 3rd and 4th 
digits, mostly in assoeiation with a tight grip or cupping 
of the palm, as during opposition. ♦ However, the great 
mobility of the CMCJoint of the thumb, a saddle Joint, pro- 
vides the digit with the major portion of its range of motion 
and speeifieally enables opposition. ♦ Therefore, the CMC 
Joint is key to the effeetiveness ofthe human hand. In eon- 
trast to the CMC Joints, the metaearpophalangeal (MP) 
Joints of the medial four fingers offer eonsiderable freedom 
of movement (fìexion-extension and abduction-adduc- 
tion), whereas that of the thumb is limited to 
fìexion-extension, as are all interphalangeal Joints. 


thePoin^. 


Board-revìew questìons, ease studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 
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OVERVIEW OF HEAD 

The head is the superior part of the body that is attaehed to 
the trunk by the neek. It is the eontrol and eommnnieations 
eenter as well as the “loading doek” for the body. It honses 
the brain; therefore, it is the site of our eonseionsness: ideas, 
ereativity, imagination, responses, deeision making, and 
memory. It inelndes speeial sensory reeeivers (eyes, ears, 
month, and nose), broadeast deviees for voiee and expres- 
sion, and portals for the intake of fnel (food), water, and oxy- 
gen and the exhaust of earbon dioxide. 

The head eonsists of the hrain and its proteetive eover- 
ings (eranial vanlt and meninges), the ears, and the faee. The 
faee inelndes openings and passageways, with inbrieating 
glands and valves (seals) to elose some of them, the mastiea- 
tory (ehewing) deviees, and the orbits that honse the visnal 
apparatns. The faee also provides our identity as individn- 
als. Disease, malformation, or trauma of struetures in the 
head form the bases of many speeialties, inelnding dentistry, 
maxillofaeial snrgery, nenrology, nenroradiology, neurosur- 
gery, ophthalmology, oral surgery, otology, rhinology, and 
psyehiatry. 

CRANIUM 

The cranium (skulh) is the skeleton of the head (Fig. 7.1A). 
A series of bones form its two parts, the neurocranium 
and viscerocranium (Fig. 7.1B). The neurocranium is 
the bony ease of the brain and its membranons eoverings, 
the eranial meninges. It also eontains proximal parts of the 
eranial nerves and the vasculature of the brain. The neuro- 
cranium in adults is formed by a series of eight bones: four 
singular bones eentered on the midline {frontal, ethmoidal, 
sphenoidal, and oeeipital), and two sets of bones occur- 
ring as bilateral pairs {temporal and parietal) (Figs. 7.1A, 

7.2A, and 7.3). 

The nenroeraninm has a dome-like roof, the ealvaria 
(sknlleap), and a floor or eranial base (basicranium). The 
bones forming the ealvaria are primarily flat bones (fron- 
tal, parietal, and oeeipital; see Fig. 7.8A) formed by intra- 
membranons ossifleation of head mesenehyme from the 
neural erest. The bones eontribnting to the eranial hase 
are primarily irregnlar bones with snbstantial flat portions 
(sphenoidal and temporal) formed by endoehondral ossi- 
fleation of eartilage {ehondroeraninm) or from more than 
one type of ossifleation. The ethmoid hone is an irregnlar 
bone that makes a relatively minor midline eontribntion 

There is eonhision abont exaetly what the term skull means. It may mean the 
eraninm (whieh inelndes the mandible), or the part of the eraninm exeluding 
the mandible. There has also been eonfnsion beeanse some people have nsed 
the term cranium for only the nenroeraninm. The Federative Intemational 
Gommittee on Anatomieal Terminology (FIGAT) has deeided to follow the 
Latin term cranium for the skeleton of the head. 


to the neurocranium but is primarily part of the viseero- 
cranium (see Fig. 7.7A). The so-ealled flat bones and flat 
portions of the bones forming the neurocranium are actu- 
ally curved, with convex external and eoneave internal 
snrfaees. 

Most ealvarial bones are united by flbrons interloeking 
sutures (Fig. 7.1A & B); however, during ehildhood, some 
bones (sphenoid and oeeipital) are united by hyaline earti- 
lage (synehondroses). The spinal eord is continuous with 
the brain throngh theforamen magnnm, a large opening in 
the eranial base (Fig. 7.1C). 

The viseeroeranmm {faeial skeleton) eomprises the 
faeial bones that mainly develop in the mesenehyme of the 
embryonie pharyngeal arehes (Moore et al., 2012). The vis- 
eeroeraninm forms the anterior part of the eraninm and eon- 
sists of the bones surrounding the mouth (upper and lower 
jaws), nose/nasal eavity, and most of the orhits (eye soekets 
or orbital eavities) (Figs. 7.2 and 7.3). 

The viseeroeraninm eonsists of 15 irregnlar bones: 3 sin- 
gular bones eentered on or lying in the midline {mandihle, 
ethmoid, and vomer), and 6 bones oeenrring as bilateral pairs 
{maxillae; inferior nasal eonehae; and zygomatie, palatine, 
nasal, and laerimal hones) (Figs. 7.1A and 7.4A). The maxil- 
lae and mandible house the teeth—that is, they provide the 
soekets and snpporting bone for the maxillary and mandibn- 
lar teeth. The maxillae eontribnte the greatest part of the 
upper faeial skeleton, forming the skeleton of the upper jaw, 
which is flxed to the eranial base. The mandihle forms the 
skeleton of the lower jaw, which is movable beeanse it articu- 
lates with the eranial base at the temporomandihnlar joints 

(Figs. 7.1A and 7.2). 

Several bones of the eraninm (frontal, temporal, sphe- 
noid, and ethmoid bones) are pneumatized bones, which 
eontain air spaees {air eells or large sinnses), presnmably to 
deerease their weight (Fig. 7.5). The total volume of the air 
spaees in these bones inereases with age. 

In the anatomieal position, the eraninm is oriented so that 
the inferior margin of the orbit and the snperior margin of 
the external aeonstie opening of the external aeonstie meatus 
of both sides lie in the same horizontal plane (Fig. 7.1A). This 
standard eraniometrie referenee is the orbitomeatal plane 
(Frankfort horizontal plane). 

Faeial Aspeet of Cranìum 

Featnres of the anterior or faeial (frontal) aspeet of the 
eraninm are the frontal and zygomatie bones, orbits, nasal 
region, maxillae, and mandible (Figs. 7.2 and 7.3). 

The frontal bone, speeifleally its squamous (flat) part, 
forms the skeleton of the forehead, artienlating inferiorly 
with the nasal and zygomatie bones. In some adults Sifrontal 
sntnre persists; this remnant is ealled a metopie suture. It is 
in the middle of the glabella, the smooth, slightly depressed 
area between the snpereiliary arehes. The frontal suture 
divides the frontal bones of the fetal eraninm (see the blue 
box “Development of Cranium,” p. 839). 
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FIGIJRE 7.1. Adult cranìum I. A. In the anatomieal position, the inferior margin ofthe orbit and the superior margin ofthe external acoustic meatus lie in 
the same horizontal orbitomeatal (Frankfort horizontal) plane. B. The neurocranium and viscerocranium are the two primary fijnetional parts ofthe cranium. 
From the lateral aspeet, it is apparent that the volume of the neurocranium, housing the brain, is approximately double that of the viscerocranium. C. The 
unpaired sphenoid and oeeipital bones make substantial contributions to the eranial base. The spinal eord is continuous with the brain through the foramen 
magnum, the large opening in the basal part ofthe oeeipital bone. 
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(B) Anterior view of the mandible (C) Left posterolateral view of mandible 

FIGITRE 7.2. Adult cranium II. A. The viscerocranium, housing the optieal apparatus, nasal eavity, paranasal sinuses, and oral eavity, dominates the 
faeial aspeet of the cranium. B and C. The mandible is a major eomponent of the viscerocranium, articulating vvith the remainder of the cranium via the 
temporomandibular Joint. The broad ramus and eoronoid proeess of the mandible provide attaehment for powerful muscles eapable of generating great 
foree in relationship to biting and chewing (mastieation). 
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FIGIJRE 7.3. Adult cranìum III. The individual bones of the cranium are eolor eoded. The supra-orbital noteh, the infra-orbital foramen, and the mental 
foramen, giving passage to major sensory nerves of the faee, are approximately in a vertieal line. 


The interseetion of the frontal and nasal bones is the 
nasion (L. nasus, nose), whieh in most people is related to 
a distinetly depressed area (bridge of nose) (Figs. 7.1A and 
7.2A). The nasion is one of many eraniometrie points that are 
nsed radiographieally in medieine (or on dry erania in physi- 
eal anthropology) to make eranial measnrements, eompare 
and deseribe the topography of the eraninm, and doenment 
abnormal variations (Fig. 7.6; Table 7.1). The frontal bone 
also artienlates with the laerimal, ethmoid, and sphenoids; a 
horizontal portion of bone {orhital part) forms both the roof 
of the orbit and part of the floor of the anterior part of the 
eranial eavity (Fig. 7.3). 

The supra-orbital margin of the frontal bone, the angn- 
lar bonndary between the squamous and orbital parts, has a 
supra-orbital foramen (noteh) in some erania for passage 
of the snpra-orbital nerve and vessels. Jnst snperior to the 
snpra-orbital margin is a ridge, the snpereiliary areh, that 
extends laterally on eaeh side from the glabella. The promi- 
nenee of this ridge, deep to the eyebrows, is generally greater 

in males (Figs. 7.2A and 7.3). 


The zygomatie bones (eheek bones, malar bones), form- 
ing the prominenees of the eheeks, lie on the inferolateral 
sides of the orbits and rest on the maxillae. The anterolateral 
rims, walls, floor, and mneh of the infra-orbital margins of the 
orbits are formed by these quadrilateral bones. A small zygo- 
matieofaeial foramen pierees the lateral aspeet of eaeh 
bone (Fig. 7.3 and 7.4A). The zygomatie bones artienlate with 
the frontal, sphenoid, and temporal bones and the maxillae. 

Inferior to the nasal bones is the pear-shaped piriform 
apertnre, the anterior nasal opening in the eraninm (Figs. 
7.1A and 7.2A). The bony nasal septnm ean be observed 
throngh this apertnre, dividing the nasal eavity into right and 
left parts. On the lateral wall of eaeh nasal eavity are enrved 
bony plates, the nasal eonehae (Figs. 7.2A and 7.3). 

The maxillae form the npper jaw; their alveolar pro- 
eesses inelnde the tooth soekets (alveoli) and eonstitnte the 
snpporting bone for the maxillary teeth. The two maxillae 
are nnited at the intermaxillary suture in the median plane 
(Fig. 7.2A). The maxillae snrronnd most of the piriform aper- 
tnre and form the infra-orbital margins medially. They have a 
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FIGIJRE 7.4. Adult cranìum IV. A. The ind ividual bones of the cranium are eolor eoded. VVithin the temporal fossa, the pterion is a eraniometrie point at 
the junction of the greater wing of the sphenoid, the squamous temporal bone, the frontal, and the parietal bones. B and C. Sutural bones occurring along 
the temporoparietal (B) and lambdoid (C) sutures are shown. 
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D Diploè 
E Ethmoid sinus 
ET External table of bone 
F Frontal sinus 
H Hypophysial fossa 
IT Internal table of bone 
M Maxillary sinus 


Mc Mastoid (air) eells 
N Nasopharynx 
P Orbital part frontal bone 
S Sphenoidal sinus 

T Petrous part of temporal 
bone 


FIGIJRE 7.5. Radìograph of cranìum. Pneumatized 
(air-fìlled) bones eontain sinuses or eells that appear as radio- 
lucencies (dark areas) and bear the name of the occupied 
bone. The right and left orbital parts of the frontal bone are 
not superimposed; thus the fìoor of the anterior eranial fossa 
appears as tvvo lines (P). (Courtesy of Dr. E. Beeker, Assoeiate 
Professor of Medieal Imaging, Llniversity ofToronto, Toronto, 
Ontario, Ganada.) 


broad eonneetion with the zygomatie bones laterally and an 
infra-orbital foramen inferior to eaeh orbit for passage of 
the infra-orbital nerve and vessels (Fig. 7.3). 

The mandible is a U-shaped bone with an alveolar pro- 
eess that snpports the mandibnlar teeth. It eonsists of a 
horizontal part, the body, and a vertieal part, the ramns 
(Fig. 7.2B & e). Inferior to the seeond premolar teeth are 
the mental foramina for the mental nerves and vessels 
(Figs. 7.1A, 7.2A & B, and 7.3). The mental protnber- 
anee, forming the prominenee of the ehin, is a triangnlar 
bony elevation inferior to the mandibnlar symphysis 
(L. symphysis menti), the osseons nnion where the halves of 
the infantile mandible fnse (Fig. 7.2A & B). 


Lateral Aspeet of Cranium 

The lateral aspeet of the eraninm is formed by both nen- 
roeraninm and viseeroeraninm (Figs. 7.1A & B and 7.4A). 
The main featnres of the nenroeranial part are the temporal 
fossa, the external aeonstie meatns opening, and the mas- 
toid proeess of the temporal hone. The main featnres of the 
viseeroeranial part are the infratemporal fossa, zygomatie 
areh, and lateral aspeets of the maxilla and mandible. 

The temporal fossa is bonnded snperiorly and posteri- 
orly by the snperior and inferior temporal lines, anteri- 
orly by the frontal and zygomatie bones, and inferiorly by the 
zygomatie areh (Figs. 7.1A and 7.4A). The snperior border 
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FIGIJRE 7.6. Granìometrìe poìnts. 


TABLE 7.1. GRANIOMETRie POINTS OF CRANIUM 


Landmark 

Shape and Loeation 

Pterion (G. wing) 

J unction of greater wing of sphenoid, squamous temporal, frontal, and parietal bones; overlies course of 
anterior division of middle meningeal artery 

Lambda (G. the letter L) 

Pointon ealvaria atjunction of lambdoid and sagittal sutures 

Bregma (G. forepart of head) 

Pointon ealvaria atjunction of eoronal and sagittal sutures 

Vertex (L. whirl, whorl) 

Superior pointof neurocranium, in middle with cranium oriented in anatomieal (orbitomeatal or Frankfort) 
plane 

Asterion (G. asterios, starry) 

Starshaped; loeated atjunction ofthree sutures: parietomastoid, oeeipitomastoid, and lambdoid 

Glabella (L. smooth, hairless) 

Smooth prominenee; mostmarked in males; onfrontal bones superiorto rootof nose; mostanterior projeeting 
partof forehead 

Inion (G. baek of head) 

Most prominent point of external oeeipital protuberance 

Nasion (L. nose) 

Pointon cranium where frontonasal and internasal sutures meet 


of this areh eorresponds to the inferior limit of the eerebral 
hemisphere of the brain. The zygomatie areh is formed by 
the nnion of the temporal proeess of the zygomatie hone 
and the zygomatie proeess of the temporal hone. 

In the anterior part of the temporal fossa, 3-4 em snperior 
to the midpoint of the zygomatie areh, is a elinieally impor- 
tant area of bone jnnetions: the pterion (G. pteron, wing) 
(Figs. 7.4A and 7.6; Table 7.1). It is nsnally indieated by an 
H-shaped formation of sntnres that nnite the frontal, pari- 
etal, sphenoid (greater wing), and temporal bones. Less eom- 
monly, the frontal and temporal bones artienlate; sometimes 
all fonr bones meet at a point. 

The extemal aeonstie meatns opening (pore) is the 
entranee to the external aeonstie meatns (eanal), whieh leads to 
the tympanie membrane (eardrnm) (Fig. 7.4A). The mastoid 
proeess of the temporal bone is postero-inferior to the exter- 
nal aeonstie meatns opening. Anteromedial to the mastoid 


proeess is the styloid proeess of the temporal hone, a slender 
needle-like, pointed projeetion. The infratemporal fossa is an 
irregnlar spaee inferior and deep to the zygomatie areh, and 
the mandible and posterior to the maxilla (see Fig. 7.67B). 

Oeeìpìtal Aspeet of Cranìum 

The posterior or oeeipital aspeet of the eraninm is eom- 
posed of the oeeipnt (L. baek of head, the convex poste- 
rior protnberanee of the squamous part of the oeeipital 
hone), parts of the parietal bones, and mastoid parts of the 
temporal bones (Fig. 7.7A). 

The external oeeipital protnheranee, is nsnally easily 
palpable in the median plane; however, oeeasionally (espe- 
eially in females) it may be ineonspienons. A eraniometrie 
point defined by the tip of the external protnberanee is the 

inion (G. nape of neek) (Figs. 7.1A, 7.4A, and 7.6; Table 7.1). 






















ehapter 7 Head 


829 


Vertex 


Parietal emissary 
foramina 


Sagittal suture 


Lambda 


Lambdoid suture 


Squamous part 


of oeeipital bone 

Superior 
nuchal line 

External oeeipital 
protuberance (inion) 

Mastoid proeess 
Styloid proeess 

Inferior nuchal line 
Oeeipital eondyle 

External oeeipital erest 



(A) Cranium 


Superior 
Inferior 



Temporal line 


Parietal 


eminenee 


Basilar part 
of oeeiptal 
bone (clivus) 


Jugular foramen 


Bones 


Frontal 



3 Mandible 
i Oeeipital 
Parietal 
Sphenoid 
Sutural 
Temporal 


Dorsum sellae 


Internal 

acoustic 

meatus 


Hypoglossal 

eanal 


Grooves for 


Superior 

petrosal 

sinus 

Inferior 

petrosal 

sinus* 

Sigmoid 

sinus 


Foramen 

magnum 


*Groove 

overlies 

petro-oeeipital 

fissure 


(B) Neurocranium with squamous part 
of oeeipitai bone removed. 


Oeeipitai (posterior) aspeets 


FIGIJRE 7.7. Adult cranium V: Oeeipital aspeet. A. The posterior aspeet of the neurocranium, or occiput, is eomposed of parts of the parietal bones, the 
oeeipital bone, and the mastoid parts of the temporal bones. The sagittal and lambdoid sutures meet at the lambda, vvhieh ean often be felt as a depression 
in living persons. B. The squamous part of the oeeipital bone has been removed to expose the anterior part of the posterior eranial fossa. 


The external oeeipital erest deseends from the protnber- 
anee toward the foramen magnnm, the large opening in the 
basal part of the oeeipital bone (Figs. 7.1C, 7.7B, and 7.9). 

The snperior nnehal line, marking the snperior limit of 
the neek, extends laterally from eaeh side of the protnber- 
anee; the inferior nnehal line is less distinet. In the eenter 
of the oeeipnt, lamhda indieates the jnnetion of the sagittal 
and the lambdoid sntnres (Figs. 7.1A, 7.6, and 7.7A; Table 
7.1). Lambda ean sometimes be felt as a depression. One or 
more sntnral hones (aeeessory bones) may be loeated at 
lambda or near the mastoid proeess (Fig. 7.4B & C). 

Superìor Aspeet of Cranium 

The snperior (vertieal) aspeet of the eraninm, nsnally 
somewhat oval in form, broadens posterolaterally at the pari- 
etal eminenees (Fig. 7.8A). In some people, frontal emi- 
nenees are also visible, giving the ealvaria an almost square 
appearanee. 

The eoronal sntnre separates the frontal and parietal 
bones (Fig. 7.8A & B), the sagittal sntnre separates the pari- 
etal bones, and the lambdoid sntnre separates the parietal 
and temporal bones from the oeeipital bone (Fig. 7.8A & C). 
Bregma is the eraniometrie landmark formed by the inter- 
seetion of the sagittal and eoronal sntnres (Figs. 7.6 and 7.8A; 
Table 7.1). Vertex, the most snperior point of the ealvaria, is 
near the midpoint of the sagittal sntnre (Figs. 7.6 and 7.7A). 


The parietal foramen is a small, ineonstant apertnre 
loeated posteriorly in the parietal bone near the sagittal 
sntnre (Fig. 7.8A & C); paired parietal foramina may be pres- 
ent. Most irregnlar, highly variable foramina that oeenr in the 
nenroeraninm are emissary foramina that transmit emissary 
veins eonneeting sealp veins to the venons sinnses of the dnra 
mater (see “Sealp,” p. 843). 

External Snrfaee of Granial Base 

The eranial hase (basieraninm) is the inferior portion of the 
nenroeraninm (floor of the eranial eavity) and viseeroeraninm 
minns the mandible (Fig. 7.9). The external snrfaee of the 
eranial base featnres the alveolar areh of the maxillae 
(the free border of the alveolar proeesses snrronnding and 
snpporting the maxillary teeth); the palatine proeesses of the 
maxillae; and the palatine, sphenoid, vomer, temporal, and 
oeeipital bones. 

The hard palate (bony palate) is formed by the palatal 
proeesses of the maxillae anteriorly and the horizontal 
plates of the palatine bones posteriorly. The free posterior 
border of the hard palate projeets posteriorly in the median 
plane as the posterior nasal spine. Posterior to the eentral 
ineisor teeth is the ineisive foramen, a depression in the 
midline of the bony palate into which the ineisive eanals open. 

The right and left nasopalatine nerves pass from the nose 
throngh a variable nnmber of ineisive eanals and foramina 























830 


ehapter 7 Head 


Bones: 


Frontal 

Oeeipital 

Parietal 


Goronal suture 


Inferior temporal 
line 


Superior temporal 
line 


Sagittal suture 



Lambdoid suture 


(A) Superior view 


Frontal bone 












(B) Superior (vertieal) aspeet 


Region of frontal 
eminenee (not 
prominent here) 


Bregma 


Region of 

parietal 

eminenee 


Parietal 

emissary 

foramen 


Lambda 



Bregma 


Goronal suture 



Sagittal suture 


Parietal bone 


- Vertex 






Parietal foramen 






Sagittal suture 
Lambda 

Lambdoid suture 


(C) Posterosuperior view 


FIGIJRE 7.8. Adult cranium VI: Galvaria. A. The squamous parts of 
the frontal and oeeipital bones, and the paired parietal bones eontrib- 
ute to the ealvaria. B. The external aspeet of the anterior part of the 
ealvaria demonstrates bregma, where the eoronal and sagittal sutures 
meet, and vertex, the superior (topmost) point of the cranium. C. This 
external view demonstrates a prominent, unilateral parietal foramen. 
Although emissary foramina often occur in this general loeation, there is 
much variation. 


(they may be bilateral or merged into a single formation). 
Posterolaterally are the greater and lesser palatine foram- 
ina. Snperior to the posterior edge of the palate are two large 
openings: the ehoanae (posterior nasal apertnres), which are 
separated from eaeh other by the vomer (L. plowshare), a 
flat nnpaired bone of trapezoidal shape that forms a major 
part of the bony nasal septnm (Fig. 7.9B). 

Wedged between the frontal, temporal, and oeeipital bones 
is the sphenoid, an irregnlar nnpaired bone that eonsists of a 
body and three pairs of proeesses: greater wings, lesser wings, 
and pterygoid proeesses (Fig. 7.10). The greater and lesser 
wings of the sphenoid spread laterally from the lateral aspeets 
of the body of the bone. The greater wings have orbital, tem- 
poral, and infratemporal snrfaees apparent in faeial, lateral, 
and inferior views of the exterior of the eraninm (Figs. 7.3. 
7.4A, and 7.9A) and eerebral snrfaees seen in internal views 
of the eranial base (Fig. 7.11). The pterygoid proeesses, 
eonsisting of lateral and medial pterygoid plates, extend 
inferiorly on eaeh side of the sphenoid from the jnnetion of the 

body and greater wings (Figs. 7.9A and 7.10A & B). 

The groove for the cartilaginous part of the pharyn- 
gotympanie (anditory) tnhe lies medial to the spine of the 
sphenoid, inferior to the jnnetion of the greater wing of the 
sphenoid and the petrons (L. roek-like) part of the tempo- 
ral hone (Fig. 7.9B). Depressions in the squamous (L. flat) 
part of the temporal hone, ealled the mandihnlar fossae, 
aeeommodate the mandibnlar eondyles when the month is 
elosed. The eranial base is formed posteriorly by the oeeipital 
bone, which artienlates with the sphenoid anteriorly. 

The fonr parts of the oeeipital hone are arranged aronnd 
theforamen magnnm, the most eonspienons featnre of the 
eranial base. The major strnetnres passing throngh this large 
foramen are: the spinal eord (where it beeomes eontinn- 
ons with the mednlla oblongata of the brain); the meninges 
(eoverings) of the brain and spinal eord: the vertehral arter- 
ies; the anterior and posterior spinal arteries; and the spinal 
aeeessory nerve (CN XI). On the lateral parts of the oeeipital 
bone are two large protnberanees, the oeeipital eondyles, 
by which the eraninm artienlates with the vertebral eolnmn. 

The large opening between the oeeipital bone and the 
petrons part of the temporal bone is the jngnlar foramen, 
from which the internal jngnlar vein (IJV) and several eranial 
nerves (CN IX-CN XI) emerge from the eraninm (Figs. 7.9A 
and 7.11; Table 7.2). The entranee to the earotid eanal for 
the internal earotid artery is jnst anterior to the jngnlar fora- 
men (Fig. 7.9B). The mastoid proeesses provide for mnsele 
attaehments. The stylomastoid foramen, transmitting the 
faeial nerve (CN VII) and stylomastoid artery, lies posterior 
to the base of the styloid proeess. 

Internal Snrfaee of Granial Base 

The internal snrfaee of the eranial base (L. hasis eranii 
interna) has three large depressions that lie at different lev- 
els: the anterior, middle, and posterior eranial fossae, which 
form the bowl-shaped floor of the eranial eavity (Fig. 7.12). 
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FIGIJRE 7.9. Adult cranium VII. External eranial base. A. The contributing bones are eolor eoded. B. The foramen magnum is loeated midvvay between 
and on a level with the mastoid proeesses. The hard palate forms both a part of the roof of the mouth and the fìoor of the nasal eavity. The large ehoanae on 
eaeh side of the vomer make up the posterior entranee to the nasal eavities. 
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FIGIJRE 7.10. Sphenoid. The unpaired, irregular sphenoid is a pneumatic (air-filled) bone. A. Parts ofthe thin anterior vvall ofthe body ofthe sphenoid 
have been ehipped off revealing the interior of the sphenoid sinus, vvhieh typieally is unevenly divided into separate right and left eavities. B. The superior 
orbital fissure is agap bet\A/een the lesserand greater v\/ings ofthe sphenoid.The medial and lateral pterygoid plates are eomponents ofthe pterygoid pro- 
eesses. C. Details of the sella turcica, the midline formation that surrounds the hypophysial fossa, are shov\/n. 


The anterior eranial fossa is at the highest level, and the pos- 
terior eranial fossa is at the lowest level. 

ANTERIOR GRANIAL FOSSA 

The inferior and anterior parts of the frontal lobes of the brain 
oeenpy the anterior eranial fossa, the sha]lowest of the three 
eranial fossae (Fig. 7.12B). The fossa is formed by the frontal 


bone anteriorly, the ethmoid bone in the middle, and the body 
and lesser wings of the sphenoid posteriorly. The greater part of 
the fossa is formed by the orbital parts of the frontal bone, 
which snpport the frontal lobes of the brain and form the roofs of 
the orbits. This snrfaee shows sinnons impressions {hrain mark- 
ìngs) of the orbital gyri (ridges) of the frontal lobes (Fig. 7.11). 

The frontal erest is a median bony extension of the fron- 
tal bone (Fig. 7.12A). At its base is the foramen eeenm of 
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FIGURE7.11. Granìal foramìna. 


ineisive fossa 


Greater and 
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foramina 
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Jugular 
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Stylomastoid 
foramen 

Oeeipital 
eondyle 

Mastoid 
foramen 

Gondylar eanal 
Foramen magnum 


Bones: 


Frontal 

Parietal 

Ethmoid 

Sphenoid 

Zygomatie 


Temporal 

Oeeipital 

Maxillary 

Palatine 

Vomer 


TABLE 7.2. FORAMINA AND OTHER APERTURES OF GRANIAL FOSSAE AND GONTENTS 



^The internal earotid artery and its aeeompanying sympathetie and venous plexuses actually pass horizontally aeross (ratherthan vertieally through) the area of the 
foramen lacerum, an artifaetof dry erania, which is elosed by eartilage in life. 
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Foramen cecum 
Grista galli of ethmoid bone 

Ethmoidal j Anterior 
foramina 1 Posterior 

Orbital part of frontal bone 
Limbus of sphenoid bone 

Preehiasmatie sulcus 

Tuberculum sellae^ 

Greater wing of sphenoid bone 

Hypophysial fossa'l' 

Posterior elinoid proeess 

Dorsum sellae^ 


Frontal erest 


External table of eompaet bone 


Foramen lacerum 


Clivus 


Bones: 


Ethmoid 

Frontal 

Oeeipital 

Parietal 

Sphenoid 

Temporal 



Superior border 
of petrous part 

Groove for 
sigmoid sinus 

Groove for 
transverse sinus 

Jugular foramen 


Internal table of eompaet bone 
ehbriform plate of ethmoid bone 

Ethmoidal spine 

Lesser wing of sphenoid bone 

Optie eanal 

Sphenoidal erest 

Superior orbital fissure* 
Anterior elinoid proeess 

Foramen rotundum* 

Garotid groove 

Foramen ovale* 
Foramen spinosum* 

Groove for greater 
petrosal nerve 

Opening of internal 
acoustic meatus 

Hypoglossal eanal 


Foramen magnum 


Internal oeeipital erest 


Internal oeeipital protuberance 


Gerebellar fossa 


(A) Superior view, internal surface of eranial base 


t Golleetively form sella turcica 
* Form ereseent of four foramina 


Sphenoidal erest 


Superior border of 
petrous part of 
temporal bone 


Oranial fossae: 


Anterior 


Middle 

Posterior 



(B) Superolateral view of eranial base 

FIGITRE 7.12. Adult cranium VII. Internal eranial base. A. The internal aspeet demonstrates the contributing bones and features. B. The fìoor ofthe 
eranial eavity is divisible into three levels (steps): anterior, middle, and posterior eranial fossae. 


the frontal bone, which gives passage to vessels during fetal 
development, but is insignifìeant postnatally. The erista galli 
(L. eoek’s eomb) is a thiek, median ridge of bone posterior 
to the foramen cecum, which projeets snperiorly from the 
ethmoid. On eaeh side of this ridge is the sieve-like eribri- 
form plate of ethmoid bone. Its numerous tiny foramina 
transmit the olfaetory nerves (CN I) from the olfaetory areas 
of the nasal eavities to the olfaetory bulbs of the brain, whieh 

lie on this plate (Fig. 7.12A; Table 7.2). 


MIDDLE GRANIAL FOSSA 

The bntterfìy-shaped middle eranial fossa has a eentral part 
eomposed of the sella tnreiea on the body of the sphenoid and 
large, depressed lateral parts on eaeh side (Fig. 7.12). The 
middle eranial fossa is postero-inferior to the anterior eranial 
fossa, separated from it by the sharp sphenoidal erests laterally 
and the sphenoidal limhns eentrally. The sphenoidal erests 
are formed mostly by the sharp posterior borders of the lesser 
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wings of the sphenoid hones, which overhang the lateral parts 
of the fossae anteriorly. The sphenoidal erests end medially 
in two sharp bony projeetions, the antenor elinoid proeesses. 

A variably prominent ridge, the limbus of the sphenoid 
forms the anterior bonndary of the transversely oriented 
preehiasmatie sulcus extending between the right and the 
left optie eanals. The bones forming the lateral parts of the 
fossa are the greater wings of the sphenoid, and squamous 
parts of the temporal bones laterally, and the petrons parts 
of the temporal bones posteriorly. The lateral parts of the 
middle eranial fossa snpport the temporal lobes of the brain. 
The bonndary between the middle and the posterior eranial 
fossae is the superior border of the petrous part of the 
temporal bone laterally, and a flat plate of bone, the dorsnm 
sellae of the sphenoid, medially. 

The sella tnreiea (L. Tnrkish saddle) is the saddle-like 
bony formation on the npper snrfaee of the body of the sphe- 
noid, whieh is snrronnded by the anterior and posterior 

elinoid proeesses (Figs. 7.10C and 7.12A). Clinoid means 
“bedpost,” and the fonr proeesses (two anterior and two 
posterior) snrronnd the hypophysial fossa, the “bed” of the 
pitnitary gland, like the posts of a fonr-poster bed. The sella 
tnreiea is eomposed of three parts: 

1. The tuberculum sellae (horn of saddle): a variable slight 
to prominent median elevation forming the posterior 
bonndary of the preehiasmatie snlens and the anterior 
bonndary of the hypophysial fossa. 

2. The hypophysial fossa (pitnitary fossa): a median 
depression (seat of saddle) in the body of the sphenoid 
that aeeommodates the pitnitary gland (L. hypophysis). 

3. The dorsum sellae (baek of saddle): a square plate of 
bone projeeting snperiorly from the hody of the sphenoid. 
It forms the posterior bonndary of the sella tnreiea, and 
its prominent snperolateral angles make up the posterior 
elinoid proeesses. 

On eaeh side of the body of the sphenoid, a ereseent offonr 
foramina perforate the roots of the eerebral snrfaees of the 
greaterwings ofthe sphenoids (Figs. 7.10C, 7.11, and7.12A); 
strnetnres transmitted by the foramina are listed in Table 7.2: 

1 . Superior orbital fissure; Loeated between the greater and 
the lesser wings, it opens anteriorly into the orbit (Fig. 7.2A). 

2. Foramen rotundum (ronnd foramen): Loeated posterior 
to the medial end of the snperior orbital flssnre, it rnns a 
horizontal eonrse to an opening on the anterior aspeet of 
the root of the greater wing of the sphenoid (Figs. 7.10A 
and 7.1 lA) into a bony formation between the sphenoid, the 
maxilla, and the palatine bones, the ptenygopalatine fossa. 

3. Foramen ovale (oval foramen): A large foramen postero- 
lateral to the foramen rotnndnm; it opens inferiorly into 
the infratemporal fossa (Fig. 7.9B). 

4. Foramen spinosnm (spinons foramen): Loeated postero- 
lateral to the foramen ovale and opens into the infratemporal 
fossa in relationship to the spine of the sphenoid (Fig. 7.11). 

The foramen laeernm (laeerated or torn foramen) is not 
part of the ereseent of foramina. This ragged foramen lies 


posterolateral to the hypophysial fossa, and is an artifaet of a 
dried eraninm (Fig. 7.12A). In life, it is elosed by a eartilage 
plate. Only some meningeal arterial branehes and small veins 
are transmitted vertieally throngh the eartilage, eompletely 
traversing this foramen. The internal earotid artery and its 
aeeompanying sympathetie and venons plexuses pass aeross 
the snperior aspeet of the eartilage (i.e., pass over the fora- 
men), and some nerves traverse it horizontally, passing to a 
foramen in its anterior bonndary. 

Extending posteriorly and laterally from the foramen lae- 
ernm is a narrow groove for the greater petrosal nerve 
on the anterosnperior snrfaee of the petrons part of the tem- 
poral bone. There is also a small groove for the lesser petrosal 
nerve. 

POSTERIOR GRANIAL FOSSA 

The posterior eranial fossa, the largest and deepest of 
the three eranial fossae, lodges the eerebellnm, pons, and 
mednlla oblongata (Fig. 7.12B). The posterior eranial fossa 
is formed mostly by the oeeipital bone, bnt the dorsnm sel- 
lae of the sphenoid marks its anterior bonndary eentrally 
(Fig. 7.12A), and the petrons and mastoid parts of the tem- 
poral bones eontribnte its anterolateral “walls.” 

From the dorsnm sellae there is a marked ineline, the 
elivns, in the eenter of the anterior part of the fossa lead- 
ing to the foramen magnnm. Posterior to this large opening, 
the posterior eranial fossa is partly divided by the internal 
oeeipital erest into bilateral large eoneave impressions, the 
eerebellar fossae. The internal oeeipital erest ends in the 
internal oeeipital protnberanee formed in relationship 
to the eonflnenee of the sinnses, a merging of dnral venons 
sinnses (disenssed later on page 867). 

Broad grooves show the horizontal eonrse of the trans- 
verse sinns and the S-shaped sigmoid sinns. At the base of 
the petrons ridge of the temporal bone is the jngnlar fora- 
men, whieh transmits several eranial nerves in addition to the 
sigmoid sinns that exits the eraninm as the internal jngnlar 
vein (IJV) (Fig. 7.11; Table 7.2). Anterosnperior to the jngn- 
lar foramen is the internal aeonstie meatns for the faeial (CN 
VII) and vestibnloeoehlear nerves (CN VIII), and the laby- 
rinthine artery. The hypoglossal eanal for the hypoglossal 
nerve (CN XII) is snperior to the anterolateral margin of the 
foramen magnnm. 

Walls of eranial Gavìty 

The walls of the eranial eavity vary in thiekness in dif- 
ferent regions. They are nsnally thinner in females than in 
males and are thinner in ehildren and elderly people. The 
bones tend to be thinnest in areas that are well eovered 
with mnseles, sneh as the squamous part of the temporal 
bone (Fig. 7.11). Thin areas of bone ean be seen radio- 
graphieally (Fig. 7.5), or by holding a dried eraninm up to 
a bright light. 

Most bones of the ealvaria eonsist of intemal and extemal 
tables of eompaet bone, separated by diploé (Figs. 7.5 and 
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7.11). The diploè is cancellous bone eontaining red bone mar- 
row dnring life, throngh which rnn eanals formed by diploie 
veins. The diploè in a dried ealvaria is not red beeanse the pro- 
tein was removed dnring preparation of the eraninm. The inter- 
nal table of bone is thinner than the extemal table, and in some 
areas there is only a thin plate of eompaet bone with no diploè. 

The bony snbstanee of the eraninm is unequally distrib- 
nted. Relatively thin (bnt mostly enrved) flat bones provide 
the neeessary strength to maintain eavities and proteet their 
eontents. However, in addition to honsing the brain, the 
bones of the nenroeraninm (and proeesses from them) pro- 
vide proximal attaehment for the strong mnseles of mastiea- 
tion that attaeh distally to the mandible; consequently, high 
traetion forees oeenr aeross the nasal eavity and orbits that 
are sandwiched between. Thns thiekened portions of the 
eranial bones form stronger pillars or huttresses that trans- 
mit forees, bypassing the orbits and nasal eavity (Fig. 7.13). 
The main bnttresses are the frontonasal bnttress, extend- 
ing from the region of the eanine teeth between the nasal 
and the orbital eavities to the eentral frontal bone, and the 
zygomatie areh-lateral orbital margin bnttress from the 
region of the molars to the lateral frontal and temporal bones. 
Similarly, oeeipital bnttresses transmit forees reeeived lat- 
eral to the foramen magnnm from the vertebral eolnmn. Per- 
haps to eompensate for the denser bone reqmred for these 
bnttresses, some areas of the eraninm not as meehanieally 
stressed beeome pnenmatized (air-fllled). 

Regìons of Head 

To allow elear eommnnieations regarding the loeation of 
strnetnres, injnries, or pathologies, the head is divided 
into regions (Fig. 7.14). The large nnmber of regions into 
which the relatively small area of the faee is divided (eight) 
is a refleetion of both its fnnetional complexity and personal 
importanee, as are annnal expenditures for eleetive aesthetie 
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FIGITRE 7.13. Buttresses of cranium. The buttresses are thieker portions 
of eranial bone that transmit forees around vveaker regions of the cranium. 


snrgery. With the exception of the auricular region, which 
inelndes the external ear, the names of the regions of the 
nenroeranìal portion of the head eorrespond to the nnder- 
lying bones or bony featnres: frontal, parietal, oeeipital, 
temporal, and mastoid regions. 

The viseeroeranial portion of the head inelndes the faeial 
region, which is divided into flve bilateral and three median 
regions related to snperfleial featnres (oral and bneeal 
regions), to deeper soft tissne formations (parotid region), 
and to skeletal featnres (orbital, infra-orbital, nasal, zygo- 
matie, and mental regions). The remainder of this ehapter 
disensses several of these regions in detail, as well as some 
deep regions not represented on the snrfaee (for example, 
the infratemporal region and pterygopalatine fossa). The 
snrfaee anatomy of these regions will be disenssed with the 
deseription of eaeh region. 
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Regions of the head: 1 
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Nasal region 
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Oral region 
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Mental region 
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FIGURE 7.14. Regìons of head. 
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CRANIUM 



Head Injuries 

Head injuries are a major eanse of death and disability. 
The eomplieations of head injnries inelnde hemor- 
rhage, infeetion, and injmy to the brain (e.g., eonens- 
sion) and eranial nerves. Distnrbanee in the level of eonseionsness 
is the most eommon symptom of head injnry. Almost 10% of aH 
deaths in the IJnited States are eansed by head injnries, and 
approximately half of tranmatie deaths involve the brain (Rovvland, 
2010). Head injnries oeenr mostly in yonng persons betvveen the 
ages of 15 and 24 years. The major eanse of brain injnry varies, bnt 
motor vehiele and motoreyele aeeidents are prominent. 


Headaehes and Faeìal Paìn 

Few eomplaints are more eommon than headaehes 
anàfaeial pain. Althongh nsnally benign and fre- 
quently assoeiated with tension, fatigne, or mild 
fever, headaehes may indieate a serions intraeranial problem 
sneh as a brain tnmor, snbaraehnoid hemorrhage, or menin- 
gitis. Nenralgias (G. algos, pain) are eharaeterized by severe 
throbbing or stabbing pain in the eonrse of a nerve eansed by 
a demyelinating lesion. They are a eommon eanse of faeial 
pain. Terms sneh sisfaeial nenralgia deseribe diffnse painfnl 
sensations. Loealized aehes have speeifìe names, sneh as ear- 
aehe (otalgia) SLnàtoothaehe (odontalgia). A sonnd knowledge 
of the elinieal anatomy of the head helps in nnderstanding the 
eanses of headaehes and faeial pain. 

Injury to Superciliary Arehes 

The snpereiliary arehes are relatively sharp bony 
ridges (see Fig. 7.3); consequently, a blow to them 
(e.g., dnring boxing) may laeerate the skin and eanse 
bleeding. Bmising of the skin snrronnding the orbit eanses tis- 
sne fìnid and blood to aeenmnlate in the snrronnding eonnee- 
tive tissne, which gravitates into the snperior (npper) eyelid and 
aronnd the eye (“blaek eye”; see Fig. B7.12). 




Malar Flush 



The zygomatie bone was onee ealled the malar bone; 
consequently, yon vvdll hear the elinieal term malar 
flnsh. This redness of the skin eovering the zygomatie 
proeess (malar eminenee) is assoeiated with a rise in tempera- 
tnre in varions fevers oeenrring with eertain diseases, sneh as 
tnherenlosis and systemie lupus erythematosus disease. 


Fractures of Maxillae and 
Assoeiated Bones 



Dr. Léon-Glement Le Fort (Paris snrgeon and gyne- 
eologist, 1829-1893) elassifìed three eommon vari- 
ants of fraetnres of the maxillae (Fig. B7.1): 




Le Fort II 


Le Fort I 



Le Fort III 


FIGUREB7.1. 


• Le Fort I fracture; wide variety of horizontal fraetnres 
of the maxillae, passing snperior to the maxillary alveo- 
lar proeess (i.e., to the roots of the teeth), erossing the 
bony nasal septnm and possibly the pterygoid plates of the 
sphenoid. 

• Le Fort II fracture; passes from the posterolateral parts 
of the maxillary sinnses (eavities in the maxillae) snpero- 
medially throngh the infra-orbital foramina, laerimals, or 
ethmoids to the bridge of the nose. As a resnlt, the entire 
eentral part of the faee, inelnding the hard palate and alve- 
olar proeesses, is separated from the rest of the eraninm. 

• Le Fort III fracture; horizontal fraetnre that passes 
throngh the snperior orbital fìssnres and the ethmoid 
and nasal bones and extends laterally throngh the greater 
wings of the sphenoid and the frontozygomatie sntnres. 
Gonenrrent fraetnring of the zygomatie arehes eanses the 
maxillae and zygomatie bones to separate from the rest of 
the eraninm. 

Fractures of Mandible 



A broken mandible nsnally involves two fraetnres, 
which frequently oeenr on opposite sides of the man- 
dible; thns, if one fraetnre is observed, a seareh shonld 
be made for another. For example, a hard blow to the jaw often 
fraetnres the neek and body of the mandible in the region of the 
opposite eanine tooth. 

Fraetures of the eoronoid proeess of the mandihle are 
nneommon and nsnally single (Fig. B7.2). Fraetnres of 
the neek of the mandihle are often transverse and may be 
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Condylar\ _ 
proeess 


Ramos 


Goronoid proeess 



Mental foramen 


Mental 
protuberance 


FIGIJRE B7.2. Fractures of mandìble. LìneA, Fracture ofthe eoronoid 
proeess; line B, fracture of the neek of the mandible; line C, fracture of the 
angle of the mandible; line D, fracture of the body of the mandible. 


assoeiated with disloeation of the temporomandibnlar joint 
(TMJ) on the same side. Fraetnres of the angle of the man- 
dihle are nsnally oblique and may involve the bony soeket 
or alveolns of the 3rd molar tooth (Fig. B7.2, line C). Frae- 
tnres of the hody of the mandihle frequently pass throngh the 
soeket of a eanine tooth (Fig. B7.2, line D). 



Resorption of Alveolar Bone 

Extraetion of teeth eanses the alveolar bone to resorb 
in the affeeted region(s) (Fig. B7.3). Following eom- 
plete loss or extraetion of maxillary teeth, the tooth 
soekets begin to fill in with bone, and the alveolar proeess 
begins to resorb. Similarly, extraetion of mandibnlar teeth 
eanses the bone to resorb. Gradnally, the mental foramen lies 
near the snperior border of the body of the mandible (Fig. 
B7.3A-C). In some eases, the mental foramina disappear, 
exposing the mental nerves to injnry. Pressnre from a dental 
prosthesis (e.g., a dentnre resting on an exposed mental nerve) 
may prodnee pain dnring eating. Loss of all the teeth resnlts in 
a deerease in the vertieal faeial dimension and mandihnlar 
prognathism (overelosnre). Deep ereases in the faeial skin also 
appear that pass posteriorly from the eomers of the month. 



FIGIJRE B7.3. Stages of resorptìon of edentulous (toothless) alveolar 
bone. 


Fraetnres of Galvaria 



The convexity of the ealvaria distribntes and thereby 
nsnally minimizes the effeets of a blow to the head. 
However, hard blows in thin areas of the ealvaria are 
likely to prodnee depressed fraetnres, in which a bone frag- 
ment is depressed inward, eompressing and/or injnring the 
brain (Fig. B7.4). Linear ealvarialfraetnres, the most frequent 
type, nsnally oeenr at the point of impaet, bnt fraetnre lines 
often radiate away from it in two or more direetions. In eom- 
minnted fraetnres, the bone is broken into several pieees. If 
the area of the ealvaria is thiek at the site of impaet, the bone 
may bend inward without fraetnring; however, a fraetnre may 
oeenr some distanee from the site of direet tranma where the 
ealvaria is thinner. In di eontreeonp {eonnterhloto) fraetnre, no 
fraetnre oeenrs at the point of impaet, bnt one oeenrs on the 
opposite side of the eraninm. 
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FIGIJRE B7.4. Fractures of ealvaria. 


Surgìcal Aeeess to Cranìal Gavity: 
Bone Flaps 


Snrgeons aeeess the eranial eavity and brain by per- 
forming a eraniotomy, in which a seetion of the 
nenroeraninm, ealled a bone fiap, is elevated or 
removed (Fig. B7.5). Beeanse the adnlt perieraninm 
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(periosteum of eranmm) has poor osteogenie (bone-forming) 
properties, little regeneration occurs after bone loss (e.g., 
when pieees of bone are removed dnring repair of a eommi- 
nuted eranial fraetnre). Snrgieally prodneed bone flaps are 
put baek into plaee and wired to other parts of the ealvaria, 
or held in plaee temporarily with metal plates. Reintegration 
is most sneeessfnl when the bone is refleeted with its overly- 
ing mnsele and skin, so that it retains its own blood snpply 
dnring the proeednre and after repositioning. If the bone flap 
is not replaeed (i.e., a permanent plastie or metal plate 
replaees the flap), the proeednre is ealled a eranieetomy. 
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(A) Anterior view 
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FIGURE B7.5 


(B) Laterai view 


Development of Cranium 

The bones of the ealvaria and some parts of the eranial 
base develop hy intramemhranons ossifieation. Most 



parts of the eranial base develop by endoehondral 
ossifieation. At birth, the bones of the ealvaria are smooth and 
nnilaminar; no diploé is present. The frontal and parietal emi- 
nenees are espeeially prominent (Fig. B7.6). The eraninm of a 
neonate is disproportionately large eompared to other parts of 
the skeleton; however, the faeial aspeet is small eompared to 
the ealvaria, which forms approximately one eighth of the era- 
nium. In the adult, the faeial skeleton forms one third of the 
eraninm. The large size of the ealvaria in infants resnlts from 
preeoeions growth and development of the brain and eyes. 

The rndimentary development of the faee makes the 
orbits appear relatively large (Fig. B7.6A). The smallness of 
the faee resnlts from the rndimentary development of the 
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FIGURE B7.6. Granial development. 

















840 


ehapter 7 Head 


maxillae, mandible, and paranasal sinnses (air-filled bone 
eavities), the absenee of ernpted teeth, and the small size of 
the nasal eavities. 

The halves of the frontal bone in the neonate are sepa- 
rated by the frontal suture, the frontal and parietal bones are 
separated by the eoronal suture, and the maxillae and mandi- 
bles are separated by the intermaxillary suture and mandih- 
ular symphysis (seeondary eartilaginons joint), respeetively. 
There are no mastoid and styloid proeesses (Figs. B7.6A 
& B). Beeanse there are no mastoid proeesses at birth, the 
faeial nerves are elose to the snrfaee when they emerge from 
the stylomastoid foramina. As a resnlt, the faeial nerves may 
be injnred by foreeps dnring a diffienlt delivery or later by an 
ineision posterior to the anriele of the external ear (as for the 
snrgieal treatment of mastoiditis or middle ear problems). 
The mastoid proeesses form gradnally dnring the Ist year 
as the sternoeleidomastoid mnseles eomplete their devel- 
opment and pnll on the petromastoid parts of the temporal 
bones. 

The bones of the ealvaria of a neonate are separated by 
fibrons membranes; the largest oeenr between the angles 
(eorners) of the fiat bones (Fig. B7.6A & B). They inelnde the 
anterior and posterior fontanelles and the paired sphenoidal 
and mastoid fontanelles. Palpation of the fontanelles dnring 
infaney, espeeially the anterior and posterior ones, enables 
physieians to determine the: 

• Progress of growth of the frontal and parietal bones. 

• Degree of hydration of an infant (a depressed fontanelle 

indieates dehydration). 

• Level of intraeranial pressnre (a bnlging fontanelle indi- 

eates inereased pressnre on the brain). 

The anterior fontanelle, the largest one, is diamond or star 
shaped; it is bonnded by the halves of the frontal bone ante- 
riorly and the parietal bones posteriorly (Fig. B7.6). Thns it 
is loeated at the jnnetion of the sagittal, eoronal, and frontal 
sntnres, the fntnre site of hregma (Fig. 7.6; Table 7.1). By 
18 months of age, the snrronnding bones have fnsed, and the 
anterior fontanelle is no longer elinieally palpable. 

At birth, the frontal bone eonsists of two halves. Union of 
the halves begins in the 2nd year. In most eases, th.efrontal 
suture is obliterated by the 8th year. However, in approxi- 
mately 8% of people, a remnant of the frontal sntnre, the 
metopie suture, persists (Figs. 7.2A and 7.3). Mneh less fre- 
quently, the entire sntnre remains (Fig. B7.6C). A persistent 
sntnre mnst not be interpreted as a fraetnre in a radiograph, 
or other medieal image (e.g., a CT sean). 

The posterior fontanelle is triangnlar and bonnded by 
the parietal bones anteriorly, and the oeeipital bone posteri- 
orly. It is loeated at the jnnetion of the lambdoid and sagit- 
tal sntnres, the fntnre site of lamhda (Fig. 7.7A and 7.8C). 
The posterior fontanelle begins to elose dnring the first 
few months after birth, and by the end of the Ist year, it 
is small and no longer elinieally palpable. The sphenoidal 
and mastoid fontanelles, overlain by the temporalis mnsele 
(Fig. 7.16A), fnse dnring infaney and are less important elini- 


eally than the midline fontanelles. The halves of the man- 
dible fnse early in the 2nd year. The two maxillae and nasal 
bones nsnally do not fnse. 

The softness of the eranial bones in fetnses and their loose 
eonneetions at the sntnres and fontanelles enable the shape 
of the eraninm to be molded dnring birth (Fig. B7.7). Dnring 
passage of the fetns throngh the birth eanal, the halves of the 
frontal bone beeome fiat, the oeeipital bone is drawn ont, and 
one parietal bone slightly overrides the other. Within a few 
days after birth, the shape of the neonatal eraninm retnrns to 
normal. The resilienee of the eranial bones of infants allows 
them to resist forees that would prodnee fraetnres in adnlts. 
The fibrons sntnres of the ealvaria also permit the eraninm 
to enlarge dnring infaney and ehildhood. The inerease in the 
size of the ealvaria is greatest dnring the first 2 years, the 
period of most rapid brain development. The ealvaria nor- 
mally inereases in eapaeity for 15-16 years. After this, the 
ealvaria nsnally inereases slightly in size for 3-4 years as a 
resnlt of bone thiekening. 



FIGIJRE B7.7. Moldìng of ealvarìa. 


Age ehanges ìn Faee 

The mandible is the most dynamie of onr bones; its 
size and shape and the nnmber of teeth it normally 



bears, nndergo eonsiderable ehange with age. In the 
neonate, the mandible eonsists of two halves nnited in the 
median plane by a eartilaginons joint, the mandihular symphy- 
sis. Union between the halves of the mandible is effeeted by 
means of fibroeartilage; this nnion begins dnring the Ist year 
and the halves are fnsed by the end of the 2nd year. The body 
of the mandible in neonates is a mere shell laeking alveolar 
proeesses; eaeh half enelosing five deeidnons teeth. These teeth 
nsnally begin to ernpt in infants at approximately 6 months of 
age. The body of the mandible elongates, partienlarly posterior 
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FIGUREB7.8. Left lateral view of dentition./Arron^s, unerupted perma- 
nent teeth. 


to the mental foramen (Fig. B7.2), to aeeommodate this devel- 
opment. Later, eight permanent teeth begin to ernpt dnring 
the 6th year of life (Fig. B7.8). Emption of the permanent teeth 
is not eomplete nntil early adnlthood. 

Rapid growth of the faee dnring infaney and early ehild- 
hood eoineides with the ernption of deeidnons teeth. 
Vertieal growth of the npper faee resnlts mainly from dento- 
alveolar development of alveolar bone. These ehanges are 
more marked after the permanent teeth empt. Gonenrrent 
enlargement of the frontal and faeial regions is assoeiated 
with the inerease in the size of the paranasal sìnnses, the 
air-filled extensions of the nasal eavities in eertain eranial 


bones (Fig. B7.9). Most paranasal sinnses are mdimentary 
or absent at birth. Growth of the paranasal sinnses is impor- 
tant in altering the shape of the faee and in adding resonanee 
to the voiee. 


Oblìteratìon of Granial Sntnres 



The obliteration of sntnres between the bones of the 
ealvaria nsnally begins between the ages of 
30 and 40 years on the intemal snrfaee. Approximately 
10 years later, the sntnres on the external snrfaee obliterate 
(Fig. B7.10; ef Fig. 7.8B). Obliteration of sntnres nsnallybegins 
at the bregma and eontinnes sequentially in the sagittal, eoro- 
nal, and lambdoid sutures. Closure times vary eonsiderably. 



FIGURE B7.10. Obliteration (synostosis) of eranial sutures. Arrows, 
sagittal; arrowheads, eoronal. 



AP view of CT of ehild’s head 
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FIGUREB7.9. 


Age ehanges in Cranìum 

As people age, the eranial bones normally beeome 
progressively thinner and lighter, and the diploé grad- 
ually beeome filled with a gray gelatinous material. In 
these individnals, the bone marrow has lost its blood eells and 
fat, giving it a gelatinons appearanee. 

Graniosynostosis 

and Granial Malformations 

Prematnre elosnre of the eranial sutures {primary 
eraniosynostosis) results in several eranial malforma- 
tions (Fig. B7.11). The ineidenee of primary eranio- 
synostosis is approximately 1 per 2000 births (Kliegman et al., 
2011). The cause of eraniosynostosis is unknown, but genetie 
faetors appear to be important. The prevailing hypothesis is 
that abnormal development of the eranial base ereates exagger- 
ated forees on the dura mater (outer eovering membrane of 
the brain) that dismpt normal eranial sutural development. 
These malformations are more eommon in males than in 
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(A) Seaphoneephaly 



(B) Plagioeephaly 
FIGUREB7.11. 



(C) Oxycephaly 


females, and are often assoeiated with other skeletal anomalies. 
The type of malformed eraninm that forms depends on whieh 
sntnres elose prematnrely. 

Premature elosnre of the sagittal suture, in whieh the ante- 
rior fontanelle is small or absent, resnlts in a long, narrow, 
wedge-shaped eraninm, a eondition ealled seaphoeephaly 
(Fig. B7.11A). When premature closure of the eoronal or 


the lamhdoid suture oeenrs on one side only, the eraninm is 
twisted and asymmetrieal, a eondition known as plagioeeph- 
aly (Fig. B7.11B). Premature closure of the eoronal suture 
resnlts in a high, tower-like eraninm, ealled oxycephaly or 
turricephaly (Fig. B7.11C). The latter type of eranial mal- 
formation is more eommon in females. Prematnre elosnre of 
sntnres nsnally does not affeet brain development. 


The Bottom Lìne 


CRANIUM 

The cranium is the skeleton of the head, an amalgamation 
of fijnetional eomponents united to form a single skeletal 
formation. ♦ The basie fijnetional eomponents include the 
neurocranium, the eontainer of the brain and internal ears, 
and vìseeroeremìnm, providing paired orbits, nasal eavities and 
teeth-bearing plates (alveolar proeesses) of the oral eavity. 

♦ Although some mobility between eranial bones is advanta- 
geous during birth, they beeome fixed together by essentially 
immovable joints (sutures), allowing independent movement 
of only the mandible. ♦ Abundant fissures and foramina faeili- 
tate communication and passage of neurovascular structures 
between fijnetional eomponents. ♦ The bony substance ofthe 
cranium is unequally distributed. Relatively thin (but mostly 
curved) flat bones provide the neeessary strength to maintain 
eavities and proteet eontents. ♦ However, the bones and pro- 
eesses of the neurocranium also provide proximal attaehment 


for the strong muscles of mastieation (chewing) that attaeh 
distally to the mandible. ♦ The high traetion forees generated 
aeross the nasal eavity and orbits, sandwiched between the 
muscle attaehments, are resisted by thiekened portions ofthe 
bones forming stronger pillars or buttresses. ♦ The mostly 
superficial surface of the cranium provides both visible and 
palpable landmarks. 

Internal features ofthe eranial base refleet the major for- 
mations of the brain that rest on it. ♦ Bony ridges radiating 
from the eentrally loeated sella turcica divide it into three era- 
nial fossae. ♦ The frontal lobes of the brain lie in the anterior 
eranial fossa. ♦ The temporal lobes lie in the middle eranial 
fossa. ♦ The hindbrain, eonsisting of the pons, cerebellum, 
and medulla, occupies the posterior eranial fossa, with the 
medulla continuing through the foramen magnum where it is 
continuous with the spinal eord. 


FACE AND SGALP 

* ■ ■ " * 

Faee 

The faee is the anterior aspeet of the head from the fore- 
head to the ehin and from one ear to the other. The faee pro- 
vides onr identity as an individnal hnman. Thns, birth defeets 


searring, or other alterations resnlting from pathology or 
tranma have marked eonsequenees beyond their physieal 
effeets. 

The basie shape of the faee is determined by the nnder- 
lying bones. The individnality of the faee resnlts primarily 
from anatomieal variations in the shape and relative promi- 
nenee of the featnres of the nnderlying eraninm; in the 
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deposition of fatty tissne; in the eolor and effeets of aging on 
the overlying skin; and in the abnndanee, natnre, and plaee- 
ment of hair on the faee and sealp. The relatively large size 
of the buccal fat-pads in infants prevents eollapse of the 
eheeks dnring sneking and prodnees their ehnbby-eheeked 
appearanee. Growth of the faeial bones takes longer than 
those of the ealvaria. The ethmoid bone, orbital eavities, and 
snperior parts of the nasal eavities have nearly eompleted their 
grovvth by the 7th year. Expansion of the orbits and growth of 
the nasal septnm earry the maxillae infero-anteriorly. Gonsid- 
erable faeial growth oeenrs dnring ehildhood as the paranasal 
sinnses develop and permanent teeth ernpt. 

The faee plays an important role in eommnnieation. 
Onr interaetions with others take plaee largely via the faee 
(inelnding the ears); henee, the term interfaee for a site of 
interaetions. Whereas the shape and featnres of the faee pro- 
vide onr identity, mneh of onr affeet on others and their per- 
eeptions abont us resnlt from the way we nse faeial mnseles 


to make the slight alterations in the featnres that eonstitnte 
faeial expression. 

Sealp 

The sealp eonsists of skin (normally hair bearing) and snben- 
taneons tissne that eover the nenroeraninm from the snperior 
nnehal lines on the oeeipital bone to the snpra-orbital margins 
of the frontal bone (Figs. 7.3 and 7.4A). Laterally, the sealp 
extends over the temporal faseia to the zygomatie arehes. 

The sealp is eomposed offive layers, the first three of 
which are eonneeted intimately and move as a nnit (e.g., 
when wrinkling the forehead and moving the sealp). Eaeh 
letter in the word sealp serves as a memory key for one of its 

five layers (Fig. 7.15A): 

1. Skin: thin, except in the oeeipital region, eontains many sweat 
and sebaeeons glands and hair follieles. It has an abnndant 
arterial snpply and good venons and lymphatie drainage. 
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parietal bone 


Goronal seetion 


Epieranial aponeurosis 


Oeeipital belly of 
oeeipitofrontalis 
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(B) Lateral view 



Frontal belly of 
oeeipitofrontalis 
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FIGIJRE 7.15. Layers of sealp, cranium, and meninges. A. The skin is bound tightly to the epieranial aponeurosis, which moves freely over the periera- 
nium and cranium because ofthe intervening loose eonneetive tissue. Aponeurosis refers to the epieranial aponeurosis, the flat intermediate tendon ofthe 
oeeipitofrontalis muscle. The eranial meninges and the subarachnoid (leptomeningeal) spaee are shown. CSF, eerebrospinal fìuid. B. The oeeipitofrontalis 
muscle. Innervation of the two bellies bythe posterior auricular and temporal branehes ofthe faeial nerve is demonstrated. 
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2. Gonneetive tissne: forms the thiek, dense, riehly vasenlar- 
ized snbentaneons layer that is well snpplied with entane- 
ons nerves. 

3. Aponenrosis (epieranial aponenrosis): the broad, 
strong, tendinons sheet that eovers the ealvaria and 
serves as the attaehment for mnsele bellies eonverg- 
ing from the forehead and oeeipnt (oeeipitofrontalis 
mnsele) (Fig. 7.15B) and from the temporal bones on 
eaeh side (temporoparietalis and snperior anrienlar 
mnseles). Golleetively, these strnetnres eonstitnte the 
mnsenlo-aponenrotie epieranins. The frontal helly of 
the oeeipitofrontalis pnlls the sealp anteriorly, wrinkles 
the forehead, and elevates the eyebrows; the oeeipital 
helly of the oeeipitofrontalis pnlls the sealp posteriorly, 
smoothing the skin of the forehead. The snperior anrie- 
nlar mnsele (aetnally a speeialized posterior part of the 
temporoparietalis) elevates the anriele of the external ear. 
All parts of the epieranins (mnsele and aponenrosis) are 
innervated by the faeial nerve. 

4. Loose areolar tissne: a sponge-like layer inelnding poten- 
tial spaees that may distend with flnid as a resnlt of injnry 
or infeetion. This layer allows free movement of the sealp 
proper (the flrst three layers—skin, eonneetive tissne, 
and epieranial aponenrosis) over the nnderlying ealvaria. 

5. Perieraninm: a dense layer of eonneetive tissne that forms 
the external periostenm of the nenroeraninm. It is flrmly 
attaehed bnt ean be stripped fairly easily from the erania 
of living persons, except where the perieraninm is eon- 
tinnons with the flbrons tissne in the eranial sntnres. 

Muscles of Faee and Sealp 

The faeial mnseles (mnseles of faeial expression) are in the 
snbentaneons tissne of the anterior and posterior sealp, faee, 
and neek. They move the skin and ehange faeial expressions 
to eonvey mood. Most mnseles attaeh to bone or faseia and 
prodnee their effeets by pnlling the skin. The mnseles of the 
sealp and faee are illnstrated in Fignre 7.16, and their attaeh- 
ments and aetions are provided in Table 7.3. Gertain mnseles 
and/or mnsele gronps will be disenssed in fnrther detail. 

All mnseles of faeial expression develop from mesoderm in 
the seeond pharyngeal arehes. A snbentaneons mnsenlar sheet 
forms dnring embryonie development that spreads over the 
neek and faee, earrying branehes of the nerve of the areh (the 
faeial nerve, CN VII) with it to snpply all the mnseles formed 
from the areh (Moore et al., 2012). The mnsenlar sheet differen- 
tiates into mnseles that snrronnd the faeial oriflees (month, eyes, 
and nose), serving as sphineter and dilator meehanisms that also 
prodnee many faeial expressions (Fig. 7.17). Beeanse of their 
eommon embryologieal origin, the platysma and faeial mnseles 
are often fnsed, and their flbers are frequently intermingled. 

MUSCLES OF SGALP, FOREHEAD, AND EYEBROWS 

The oeeipitofrontalis is a flat digastrie mnsele, with oeeipi- 
tal and frontal bellies that share a eommon tendon, the 


epieranial aponenrosis (Figs. 7.15and7.16A&B;Table7.3). 
Beeanse the aponenrosis is a layer of the sealp, indepen- 
dent eontraetion of the oeeipital belly retraets the sealp and 
eontraetion of the frontal belly protraets it. Aeting simnl- 
taneonsly, the oeeipital belly, with bony attaehments, works 
as a synergist with the frontal belly, which has no bony attaeh- 
ments, to elevate the eyebrows and prodnee transverse wrin- 
kles aeross the forehead. This gives the faee a snrprised look. 

MUSCLES OF MOUTH, LIPS, AND OHEEKS 

The lips, shape, and degree of opening of the month are 
important for elear speeeh. In addition, we add emphasis to 
onr voeal eommnnieation with onr faeial expressions. Several 
mnseles alter the shape of the month and lips dnring speak- 
ing as well as dnring sneh aetivities as singing, whistling, and 
mimiery. The shape of the month and lips is eontrolled by a 
complex three-dimensional gronp of mnsenlar slips, which 
inelnde the following (Fig. 7.16B & C; Table 7.3): 

• Elevators, retraetors, and evertors of the npper lip. 

• Depressors, retraetors, and evertors of the lower lip. 

• The orbienlaris oris, the sphineter aronnd the month. 

• The bneeinator in the eheek. 

At rest, the lips are in gentle eontaet and the teeth are elose 
together. 

The orbicularis oris, the flrst of the series of sphineters 
assoeiated with the alimentary system (digestive traet), eneireles 
the month within the lips, eontrolling entry, and exit throngh 
the oral fissare (L. rima oris, the opening between the lips). 
The orbienlaris oris is important dnring artienlation (speeeh). 

The buccinator (L. trnmpeter) is a thin, flat, reetangn- 
lar mnsele that attaehes laterally to the alveolar proeesses of 
the maxillae and mandible, opposite the molar teeth. It also 
attaehes to the pterygomandibular raphe, a tendinons 
thiekening of the bneeopharyngeal faseia separating and giv- 
ing origin to the snperior pharyngeal eonstrietor posteriorly. 
The bneeinator oeenpies a deeper, more medially plaeed 
plane than the other faeial mnseles, passing deep to the man- 
dible so that it is more elosely related to the bneeal mneosa 
than to the skin of the faee. The bneeinator, aetive in smiling, 
also keeps the eheek tant, thereby preventing it from folding 
and being injnred dnring chewing. 

Anteriorly, the flbers of the bneeinator mingle medially with 
those of the orbienlaris oris, and the tonns of the two mnseles 
eompresses the eheeks and lips against the teeth and gnms. 
The tonie eontraetion of the bneeinator, and espeeially of the 
orbienlaris oris, provides a gentle bnt eontinnal resistanee to 
the tendeney of the teeth to tilt in an outward direetion. In the 
presenee of a short npper lip, or retraetors that remove this 
foree, erooked or protrnsive (“bnek”) teeth develop. 

The orbienlaris oris (from the labial aspeet) and bne- 
einator (from the bneeal aspeet) work with the tongne 
(from the lingnal aspeet) to keep food between the oeelnsal 
snrfaees of the teeth dnring mastieation (chewing) and 
to prevent food from aeenmnlating in the oral vestibnle. 
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Epieranial aponeurosis 
(Galea aponeurotica) 


Oeeipitofrontalis nnuscle, 
frontal belly 


Procerus 


Orbicularis oculi 
Orbital part 
Palpebral part 



Nasalis 


Levator labii superioris 


alaeque nasi 

Levator labii 
superioris 


Zygomatieos minor 
Zygomaticus major 


Risorius 


Depressor septi nasi 


Orbicularis oris 


Depressor anguli oris 


Depressor labii inferioris 


Platysma 


Corrugator supercilii 
(cut) 


Temporal faseia 


Palpebral fissure 
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Levator anguli oris 


Parotid duct and gland 

Oral fissure 
Buccinator 

Masseter* 
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Not muscles of faeial 
expression 


(A) Anterior view 


FIGIJRE 7.16. Muscles of sealp and faee. 


TABLE 7.3. MUSCLES OF SGALP AND FACE 


Muscle^ 

Origin 

Insertion 

Main Aetion(s) 

Oeeipitofrontalis 

Front belly^ 

Epieranial aponeurosis 

Skin and subcutaneous tissue of 
eyebrovvs and forehead 

Elevates eyebrovvs and vvrinkles 
skin of forehead; protraets sealp 
(indieating surprise orcuriosity) 

Oeeipital bellyi 

Lateral two thirds of superior nuchal 
line 

Epieranial aponeurosis 

Retraets sealp; inereasing effeetive- 
ness of frontal belly 

Orbicularis oculi 

(orbital sphineterj^-^ 

Medial orbital margin; medial palpe- 
bral ligament; laerimal bone 

Skin around margin of orbit; superior 
and inferiortarsal plates 

eioses eyelids: palpebral partdoes 
so gently; orbital parttightiy (vvinking) 


^AII faeial muscles are innervated by the faeial nerve (CN VII) via its posterior auricular braneh (1) orvia the temporal (2), zygomatie (3), buccal (4), marginal man- 
dibular(5), oreervieal (6) branehes ofthe parotid plexus. 
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TABLE 7.3. MUSCLES OF SGALP AND FACE (Contìnued) 


Muscle^ 

Origin 

Insertion 

Main Aetion(s) 

Gormgator sopereilii^ 

Medial end of superciliary areh 

Skin superiorto middle of supra- 
orbital margin and superciliary areh 

Dravvs eyebrovv medially and infe- 
riorly, ereating vertieal vvrinkles 
above nose (demonstrating eon- 
eern or vvorry) 

Procerus plus trans- 
verse part of nasalis^ 

Faseia aponeurosis eovering nasal 
bone and lateral nasal eartilage 

Skin of inferior forehead, betvveen 
eyebrovvs 

Depresses medial end of eyebrovv; 
vvrinkles skin overdorsum of nose 
(eonveying disdain ordislike) 

Alar partof nasalis 
plus levator labii supe- 
rioris alaeque nasiH 

Frontal proeess of nnaxilla (infero- 
medial margin of orbit) 

Major alar eartilage 

Depresses ala laterally, dilating 
anterior nasal aperture (i.e., “flaring 
nostrils,''as during angeror exertion) 

Orbicularis oris (oral 
sphineter)^ 

Medial maxilla and mandible; deep 
surface of peri-oral skin; angle of 
mouth (modiolus) 

Mucous membrane of lips 

Tonus eloses oral fissure; phasie 
eontraetion eompresses and pro- 
trudes lips (kissing) orresists 
distension (vvhen blovving) 

Levator labii 
superioris^ 

Infra-orbital margin (maxilla) 

Skin of upper lip 

Partof dilators of mouth; retraet 
(elevate) and/or evert upper lip; 
deepen nasolabial sulcus (shovving 
sadness) 

Zygomaticus minor^ 

Anterior aspeet, zygomatie bone 

Buccinator (eheek 
muscle)^ 

Mandible, alveolar proeesses of 
maxilla and mandible, pterygoman- 
dibular raphe 

Angle of mouth (modiolus); orbicu- 
laris oris 

Presses eheek against molar teeth; 
vvorks vvith tongue to keep food 
betvveen occlusal surfaces and out 
of oral vestibule; resists distension 
(vvhen blovving) 

Zygomaticus major^ 

Lateral aspeetof zygomatie bone 

Angle of mouth (modiolus) 

Part of dilators of mouth; elevate 
labial commissure— bilaterally to 
smile (happiness); unilaterally to 
sneer (disdain) 

Levator anguli oris^ 

Infra-orbital maxilla (eanine fossa) 

Partof dilators of mouth; vvidens 
oral fissure, as vvhen grinning or 
grimaeing 

Risorius^ 

Parotid faseia and buccal skin 
(highly variable) 

Partof dilators of mouth; depresses 
labial commissure bilaterally to 
frovvn (sadness) 

Depressor anguli oris^ 

Anterolateral base of mandible 

Depressor labii 
inferioris^ 

Platysma and anterolateral body of 
mandible 

Skin of lovver lip 

Partof dilators of mouth; retraets 
(depresses) and/or everts lovver lip 
(pouting, sadness) 

Mentalis^ 

Body of mandible (anteriorto roots 
of inferior ineisors) 

Skin of ehin (mentolabial sulcus) 

Elevates and protrudes lovver lip; 
elevates skin of ehin (shovving doubt) 

Platysma^ 

Subcutaneous tissue of infra- 
clavicular and supraclavicular 
regions 

Base of mandible; skin of eheek 
and lovver lip; angle of mouth (modi- 
olus); orbicularis oris 

Depresses mandible (against resis- 
tanee); tenses skin of inferior faee 
and neek (eonveying tension and 
stress) 


^AII faeial nnuscles are innervated by the faeial nerve (CN VII) via its posterior auricular braneh (1) orvia the temporal (2), zygomatie (3), buccal (4), marginal man- 
dibular(5), oreervieal (6) branehes ofthe parotid plexus. 


The buccinator also helps the eheeks resist the forees gener- 
ated by whistling and sneking. The bneeinator was given its 
name beeanse it eompresses the eheeks (L. hneeae) dnring 
blowing (e.g., when a mnsieian plays a wind instrnment). Some 
tmmpeters (notably the late Dizzy Gillespie) streteh their bne- 
einators and other eheek mnseles so mneh that their eheeks 
balloon ont when they blow foreibly on their instrnments. 


Several dilator mnseles radiate from the lips and angles of 
the month, somewhat like the spokes of a wheel, retraeting 
the varions borders of the oraljìssnre eolleetively, in gronps, 
or individnally. Lateral to the angles of the month or eom- 
missures of the lips (the jnnetions of the npper and lower 
lips) fibers of as many as nine faeial mnseles interlaee or 
merge in a highly variable and mnltiplanar formation ealled 
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Epieranial aponeurosis 



/ 


Temporal faseia 


Oeeipital belly of 
oeeipitofrontalis 


r 


Auricularis 



Superior 
Anterior 
Posterior 


Branehes of CN VII: 


1 Posterior auricular 

2 Temporal 

3 Zygomatie 

4 Buccal 

5 Marginal mandibular 

6 Gervieal 


(B) Lateral view 



Posterior belly 
of digastrie 


Stylohyoid 


Platysma (cut) 


Frontal belly of 
oeeipitofrontalis 

Orbicularis oculi 
(orbital and 
palpebral parts) 

Nasalis 

Levator labii superioris 
alaeque nasi 

Levator labii superioris 

Zygomaticus minor 

Zygomaticus major 

Orbicularis oris 

Oral fissure 

Risorius (cut) 

Buccinator 

Depressor anguli oris 
Mentalis (cut) 

Depressor labii inferioris 


Pterygoid hamulus 


Superior pharyngeal 
eonstrietor* 


Submandibular 
(salivary) gland 


(C) Lateral view of oral and buccal regions 



Parotid duct (cut) 
Orbicularis oris 
Buccinator 
Risorius (cut) 
Pterygomandibular raphe 
Depressor anguli oris 
Faeial artery 
Mandible (cut) 


Not muscles of faeial expression 


FIGURE 7.16. (Continued) 


the modiolus, which is largely responsible for the oeenr- 
renee of dimples in many individnals. 

The platysma (G. flat plate) is a broad, thin sheet of 
mnsele in the snbentaneons tissne of the neek (Fig. 7.16A 
& B; Table 7.3). The anterior borders of the two mnseles 
deenssate over the ehin and blend with the faeial mnseles. 
Aeting from its snperior attaehment, the platysma tenses the 
skin, prodneing vertieal skin ridges, eonveying great stress, 
and releasing pressnre on the snperfleial veins. Aeting from 


its inferior attaehment, the platysma helps depress the man- 
dible and draw the eorners of the month inferiorly, as in a 
grimaee. 

MUSCLES OF ORBITAL OPENING 

The fnnetion of the eyelids (L. palpehrae) is to proteet the 
eyeballs from injnry and excessive light. The eyelids also 
keep the eornea moist by spreading the tears. 
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Oeeipitofrontalis 



Corrugator supercilii 



Buccinator + orbicularis oris 



Zygomaticus major + minor 



Procerus + transverse 
part of nasalis 



Risorius 




Orbicularis oculi 



Risorius + depressor 
labii inferioris 


Lev. labii sup. alaeque nasi + 
alar part of nasalis 


Levator labii superioris + 
depressor labii 




Dilators of mouth: 

Risorius plus levator labii superioris 
+ depressor labii inferioris 


Orbicularis oris 



Depressor anguli oris 




Mentalis 


Platysma 


FIGIJRE 7.17. Muscles of faeial expression in aetion. These muscles are superficial sphineters and dilators ofthe orifiees ofthe head. The faeial muscles, 
supplied by the faeial nerve (CN VII), are attaehed to and move the skin ofthe faee, producing many faeial expressions. 


The orbicularis oculi eloses the eyelids and wrinkles the 
forehead vertieally (Figs. 7.16A & B and 7.18; Table 7.3). Its 
fibers sweep in eoneentrie eireles aronnd the orbital margin 
and eyelids. Gontraetion of these fibers narrows the palpe- 
bral fissure (apertnre between the eyelids) and assists the 
fiow of laerimal finid (tears) by bringing the lids together lat- 
erally first, elosing the palpebral fissnre in a lateral to medial 
direetion. The orbienlaris oenli mnsele eonsists of three parts: 

1. Palpehral part: arising from the medial palpebral ligament 
and mostly loeated within the eyelids, gently eloses the eyelids 
(as in blinking or sleep) to keep the eomea from drying. 

2. Laerìmal part: passing posterior to the laerimal sae, draws 
the eyelids medially, aiding drainage of tears. 


3. Orhital part: overlying the orbital rim and attaehed to the 
frontal bone and maxilla medially, tightly eloses the eye- 
lids (as in winking or squinting) to proteet the eyeballs 
against glare and dnst. 

When all three parts of the orbienlaris oenli eontraet, the 
eyes are firmly elosed (Figs. 7.17 and 7.18C). 

MUSCLES OF NOSE AND EARS 

As demonstrated in the blne box 'Tlaring of Nostrils” (p. 861), 
the mnseles of the nose may provide evidenee of breathing 
behaviors. Othenvise, althongh these mnseles are fnnetion- 
ally important in eertain mammals (elephants, tapirs, rabbits. 
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Orbital part (O) 


Palpebral 
part (P) 


Palpebral 

fissure 


(B) 




FIGIJRE 7.18. Dìsposìtìon and aetìons of orbicularis oculi muscle. A. The orbital and palpebral parts ofthe orbicularis oculi are demonstrated. B. The 
palpebral part gently eloses the eyelids. C. The orbital part tightly eloses the eyelids. 


and some diving mammals), they are relatively nnimportant in 
hnmans, except in terms of faeial expression and in the speeial- 
ized field of aesthetie plastie snrgery. The mnseles of the ears, 
important in animals eapable of eoeking or direeting the ears 
toward the sonrees of sonnds, are even less eritieal in hnmans. 

Nerves of Faee and Sealp 

Gntaneons (sensory) innervation of the faee and anterosn- 
perior part of the sealp is provided primarily by the trigemi- 
nal nerve (CN V), whereas motor innervation to the faeial 
mnseles is provided by thefaeial nerve (CN VII). 

CUTANEOUS NERVES OF FACE AND SCALP 

The trigeminal nerve (CN V) originates from the lateral 
snrfaee of the pons of the midbrain by two roots: motor and 
sensory. These roots are eomparable to the motor (anterior) 
and sensory (posterior) roots of spinal nerves. The sensory 
root of CN V eonsists of the eentral proeesses of psendonni- 
polar nenrons loeated in a sensory ganglion (trigeminal 
ganglion) at the distal end of the root, which is bypassed by 
the mnltipolar nenronal axons making up the motor root. CN 

V is the sensory nerve for the faee and the motor nerve for the 
mnseles of mastieation and several small mnseles (Fig. 7.19). 

The peripheral proeesses of the nenrons of the trigeminal 
ganglion eonstitnte three divisions of the nerve: the ophthal- 
mie nerve (CN Vi), the maxillary nerve (CN V^), and the 
sensory eomponent of the mandihnlar nerve (CN V3). These 
nerves are named aeeording to their main areas of termina- 
tion: the eye, maxilla, and mandible, respeetively. The first 
two divisions (ophthalmie and maxillary nerves) are wholly 
sensory. The mandibnlar nerve is largely sensory, bnt it also 
reeeives the motor fibers (axons) from the motor root of CN 

V that mainly snpply the mnseles of mastieation. The entane- 
ons nerves derived from eaeh division of CN V are illnstrated 
in Fignre 7.20, and the origin, eonrse, and distribntion of 
eaeh nerve are listed and deseribed in Table 7.4. 

The entaneons nerves of the neek overlap those of the 
faee. Cutaneous branehes of eervieal nerves from the eervi- 
eal plexus extend over the posterior aspeet of the neek and 
sealp. The great auricular nerve in partienlar innervates 
the inferior aspeet of the anriele (external ear) and mneh of 


the parotid region of the faee (the area overlying the angle 
of the jaw). 

OPHTHALMie NERVE 

The ophthalmie nerve (CN Vi), the snperior division of 
the trigeminal nerve, is the smallest of the three divisions 
of CN V. It arises from the trigeminal ganglion as a wholly 
sensory nerve and snpplies the area of skin derived from the 
emhryonìe frontonasal prominenee (Moore et ak, 2012). As 
CN Vi enters the orbit throngh the snperior orhital fissnre, 
it trifnreates into the frontal, nasoeiliary, and laerimal nerves 
(Fig. 7.19). Except for the external nasal nerve, the enta- 
neons branehes of CN Vi reaeh the skin of the faee via the 
orbital opening (Fig. 7.21). 

The frontal nerve, the largest braneh prodneed by the 
trifnreation of CN Vi, rnns along the roof of the orbit toward 
the orbital opening, bifnreating approximately midway into 
the entaneons supra-orbital and supratrochlear nerves, 
distribnted to the forehead and sealp (Figs. 7.21 and 7.22). 

The nasoeiliary nerve, the intermediate braneh of the 
CN Vi trifnreation, snpplies branehes to the eyeball and 
divides within the orbit into the posterior ethmoidal, ante- 
rior ethmoidal, and infratroehlear nerves (Fig. 7.19). The 
posterior and anterior ethmoidal nerves leave the orbit, the 
latter rnnning a eirenitons eonrse passing throngh the eranial 
and nasal eavities. Its terminal braneh, the external nasal 
nerve, is a entaneons nerve snpplying the external nose. The 
infratroehlear nerve is a terminal braneh of the nasoeiliary 
nerve and its main entaneons braneh. 

The laerimal nerve, the smallest braneh from the trifnr- 
eation of CN Vi, is primarily a entaneons braneh, bnt it also 
eonveys some seeretomotor fibers, sent via a eommnnieating 
braneh, from a ganglion assoeiated with the maxillary nerve 
for innervation of the laerimal gland (Figs. 7.20 and 7.21). 

MAXILLARY NERVE 

The maxillary nerve (CN V^), the intermediate division of 
the trigeminal nerve, also arises as a wholly sensory nerve 
(Fig. 7.19A). CN V 2 passes anteriorly from the trigemi- 
nal ganglion and leaves the eraninm throngh theforamen 
rotundum in the base of the greater wing of the sphenoid. 
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Ophthalmie 
nerve 
(CN Vi) 


Laerimal 

nerve 


Nasoeiliary 

nerve 


Frontal 

nerve 


Supra-orbital 


nerve 


Supratrochlear 


nerve 


Auriculotemporal 


nerve 


Mandibular 
nerve (CN V 3 ) 


Tensor tympani 


Buccal nerve 


Tensor veli 


palatini 
Lingual nerve 


Parotid gland 


(A) 



Anterior 

ethmoidal 

nerve 

intratroehlear 
nerve 

Palpebral 
conjunctiva 

External nasal 
nerve 

^ Zygomatie 
\ nerve 

^lnfra-orbital 
' nerve 


Ganglia 


* Trigeminal (sensory) 

* eiliary (PNS) 

* Pterygopalatine (PNS) 


* 


Otie (PNS) 


t Submandibular (PNS) 


Pterygopalatine 


CN V 3 


nerves 


Lateral 
pterygoid 


Inferior alveolar nerve 


Nerve to mylohyoid 


Masseter 


Digastrie tendon 


Mylohyoid 


^'''^^Mental nerve 



Temporalis 


Medial 

pterygoid 


Mental foramen 


Buccinator 


Hyoid bone 


(B) 





Olfaetory bulb—y 

Maxillary nerve 
(CN V 2 ) 

CN Vi: 
Anteri 

or ethmoidal — 

and nerve (CN \)\ 


nerve 


Internal nasal 
branehes 


Nerve of 

pterygoid 

eanal 



Nasal braneh of 
anterior superior 
alveolar nerve 


Internal nasal 
braneh of 
infra-orbital 
nerve 

Nasopalatine 

nerve 



Olfaetory bulb 
and nerve 


Pterygopalatine 

ganglion 


Pharyngeal 


nerve 


Lesser palatine 


nerve 


nerve 



Anterior 

ethmoidal 

nerve 


Nasopalatine 


Greater palatine nerve 


Lesser palatine nerve 



Internal 
nasal 
braneh of 
infra-orbital 
nerve 


(C) 


Lateral wall 


Nasal septum 


*Oblique line approximating 
divide between innervation 
by CN Vi and CN V^ 


FIGIJRE 7.19. Distribution of trigeminal nerve (CN V). A. The three divisions of CN V arise from the trigeminal ganglion. In addition to the trigeminal 
ganglion, a sensory ganglion (similar to the sensory or dorsal root ganglia of spinal nerves) and four parasympathetie ganglia (three of which are shown here) 
are assoeiated with the branehes of the trigeminal nerve. B. Branehes of the mandibular nerve (CN V3) pass to the muscles of mastieation. C. This “opened 
book” view ofthe lateral wall and septum ofthe right nasal eavity demonstrates superfìcial and deep distribution of CN Vi, and CN V^ (and, ineidentally, CN I) 
to the nasal and upper oral eavity, in and near the midline ofthe head. 
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FIGIJRE 7.20. Cutaneous nerves of faee and sealp. 


TABLE 7.4. CUTANEOUS NERVES OF FACE AND SCALP 


Nerve 

Origin 

Course 

Distribution 

Cutaneous nerves derived from ophthalmie nerve (CN VJ 

Supra-orbital 

Largest braneh from bifurcation of 
frontal nerve, approximately in 
middle of orbital roof 

Continues anteriorly along roof of 
orbit, emerging via supra-orbital 
noteh orforamen; aseends fore- 
head, breaking into branehes 

Mucosa of frontal sinus; skin and 
conjunctiva of middle of superior 
eyelid; skin and pericranium of 
anterolateral forehead and sealp to 
vertex (interauricular line) 

Supratrochlear 

Smaller braneh from bifurcation 
of frontal nerve, approximately in 
middle of orbital roof 

Continues anteromedially along 
roofoforbit, passing lateralto 
troehlea and aseending forehead 

Skin and conjunctive of medieal 
aspeet of superioreyelid; skin 
and pericranium of anteromedial 
forehead 

Laerimal 

Smallest braneh from trifurcation of 
CN Vi proximal to superior orbital 
fissure 

Runs superolaterally through orbit, 
reeeiving seeretomotorfibers via 
a communicating braneh from the 
zygomatieotemporal nerve 

Laerimal gland (seeretomotor 
fibers); small area of skin and eon- 
junctive of lateral part of superior 
eyelid 

Infratroehlear 

Terminal braneh (with anterior 
ethmoidal nerve) of nasoeiliary 
nerve 

Follows medial wall of orbit, passing 
inferiorto troehlea 

Skin lateral to rootof nose; skin and 
conjunctiva of eyelids adjaeentto 
medial canthus, laerimal sae, and 
laerimal caruncle 

External nasal 

Terminal braneh of anterior 
ethmoidal nerve 

Emerges from nasal eavity by pass- 
ing between nasal bone and lateral 
nasal eartilage 

Skin of nasal ala, vestibule, and 
dorsum of nose, including apex 

Cutaneous nerves derived from maxillary nerve (CN V2) 

Infra-orbital 

Continuation of CN V2 distal to its 
entranee into the orbitvia the infe- 
rior orbital fissure 

Traverses infra-orbital groove and 
eanal in orbital floor, giving rise to 
superior alveolar branehes; then 
emerges via infra-orbital foramen, 
immediately dividing into inferior 
palpebral, internal and external 
nasal, and superior labial branehes 

Mucosa of maxillary sinus; premolar, 
eanine, and ineisor maxillary teeth; 
skin and conjunctiva of inferioreye- 
lid; skin of eheek, lateral nose, and 
antero-inferior nasal septum; skin 
and oral mucosa of superior lip 

Zygomatieofaeial 

Smallerterminal braneh (with 
zygomatieotemporal nerve) of zygo- 
matie nerve 

Traverses zygomatieofaeial eanal 
in zygomatie bone at inferolateral 
angle of orbit 

Skin on prominenee of eheek 






















































































TABLE 7.4. CUTANEOUS NERVES OF FACE AND SCALP (Contìnued) 


Nerve 

Origin 

Course 

Distribution 

Zygomatieotemporal 

Larger terminal braneh (with 
zygomatieofaeial nerve) of 
zygomatie nerve 

Sends communicating braneh to 
laerimal nerve in orbit; then passes 
to temporal fossa via zygomatieo- 
temporal eanal in zygomatie bone 

Hairless skin anterior partof 
temporal fossa 

e utaneous nerves derived from mandibular nerve (C N V3) 

Auriculotemporal 

In infratemporal fossa via two roots 
from posterior trunk of CN V3 that 
eneirele middle meningeal artery 

Passes posteriorly deep to ramus of 
mandible and superiordeep partof 
parotid gland, emerging posteriorto 
temporomandibular joint 

Skin anteriorto auricle and poste- 
riortwo thirds of temporal region; 
skin oftragus and adjaeent helix 
of auricle; skin of roof of extemal 
acoustic meatus; and skin of supe- 
riortympanie membrane 

Buccal 

In infratemporal fossa as sensory 
braneh of anterior trunk of CN V3 

Passes between two parts of lateral 
pterygoid muscle, emerging anteri- 
orly from eover of ramus of mandible 
and masseter, uniting with buccal 
branehes of faeial nerve 

Skin and oral mucosa of eheek 
(overlying and deep to anterior 
part of buccinator); buccal gingivae 
(gums) adjaeentto seeond and third 
molars 

Mental 

Terminal braneh of inferior alveolar 
nerve (CN V3) 

Emerges from mandibulareanal 
via mental foramen in anterolateral 
aspeet of body of mandible 

Skin of ehin and skin; oral mucosa 
of inferior lip 

Cutaneous nerves derived from anterior rami of eervieal spinal nerves 

Greatauricular 

Spinal nerves C 2 and C 3 via 
eervieal plexus 

Aseends vertieally aeross sterno- 
eleidomastoid, posteriorto external 
jugular vein 

Skin overlying angle of mandible 
and inferiorlobe ofauricle; parotid 
sheath 

Lesser oeeipital 

Follows posterior border of sterno- 
eleidomastoid; then aseends poste- 
riorto auricle 

Sealp posteriorto auricle 

e utaneous nerves derived from posterior rami of eervieal spinal nerves 

Greater oeeipital 
nerve 

As medial braneh of posterior 
ramus of spinal nerve C 2 

Emerges between axis and 
obliquus eapitis inferior; then 
pierees trapezius 

Sealp of oeeipital region 

Third oeeipital nerve 

As lateral braneh of posterior ramus 
of spinal nerve C 3 

Pierees trapezius 

Sealp of loweroccipital and 
suboccipital regions 



CN V 


1 



CN V2 


Laerimal nerve 


Frontal nerve 


Supra-orbital nerve 


Laerimal gland 


Communicating braneh 
from zygomatie nerve 
to laerimal nerve 


Lateral palpebral ligament 
extending to superior and 
inferior tarsi 


ST Superior tarsus 
IT Inferior tarsus 


Zygomatieotemporal nerve 


Zygomatieofaeial nerve 


Inferior orbital fissure 


Anterior view 



Supratrochlear nerve 
Troehlea 

infratroehlear nerve 

Gommon tendinous ring 
Superior orbital fissure 

Medial palpebral ligament 

Laerimal sae 

Nasoeiliary nerve 

Giliary ganglion 
Inferior palpebral nerve 

Zygomatie nerve 

Maxillary nerve 

Infra-orbital nerve 


FIGURE 7.21. Cutaneous nerves of orbital/peri-orbital region. Cutaneous nerves are shovvn in relation to the orbital vvalls and rim and the fìbrous skel- 
eton ofthe eyelids. The skin ofthe superior eyelid is supplied by branehes ofthe ophthalmie nerve (CN Vi), vvhereas the inferior eyelid is supplied mainly by 
branehes of the maxillary nerve (CN V^). 
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FIGIJRE 7.22. Nerves of sealp. The nerves appear in sequence: CN Vi, 
CN V 2 , CN V 3 , anterior rami of C2 and C3, and posterior rami of C2 and C3 


The maxillary nerve enters the pterygopalatine fossa, 
where it gives off branehes to the pterygopalatìne gan- 
glion and eontinnes anteriorly, entering the orbit throngh 
the inferior orhital fissnre (Fig. 7.19). It gives off the 
zygomatie nerve and passes anteriorly into the infra- 
orhital groove and foramen as the infra-orbital nerve 

(Fig. 7.21). 

The zygomatie nerve rnns to the lateral wall of the 
orbit, giving rise to two of the three entaneons branehes of 
CN V 2 , the zygomatieofaeial and zygomatieotemporal 
nerves. The latter nerve sends a eommnnieating braneh 
eonveying seeretomotor fibers to the laerimal nerve. En 
ronte to the faee, the infra-orbital nerve gives off pala- 
tine branehes, branehes to the mneosa of the maxillary 
sinns, and branehes to the posterior teeth. It reaehes the 
skin of the faee by traversing the infra-orhital foramen on 
the infra-orbital snrfaee of the maxilla. The three enta- 
neons branehes of the maxillary nerve snpply the area of 
skin derived from the embryonie maxillary prominenees 
(Moore et ak, 2012). 

MANDIBUliAR NERVE 

The mandihnlar nerve (CN V3) is the inferior and larg- 
est division of the trigeminal nerve (Fig. 7.19A). It is 
formed by the nnion of sensory fibers from the sensory 
ganglion and the motor root of CN V in the foramen ovale 
in the greater wing of the sphenoid, throngh which CN 
V3 emerges from the eraninm. CN V3 has three sensory 
branehes that snpply the area of skin derived from the 


embryonie mandihnlar prominenee. It also snpplies motor 
fibers to the mnseles of mastieation (Fig. 7.19B). CN V 3 
is the only division of CN V that earries motor fibers. The 
major entaneons branehes of CN V 3 are the auriculotem- 
poral, buccal, and mental nerves. En ronte to the skin, 
the anrienlotemporal nerve passes deep to the parotid 
gland, eonveying seeretomotor fibers to it from a ganglion 
assoeiated with this division of CN V. 

NERVES OF SGALP 

Innervation of the sealp anterior to the anrieles of the exter- 
nal ears is throngh branehes of all three divisions of CN V, 
the trigeminal nerve (Figs. 7.22, 7.20B, and Table 7.4). Pos- 
terior to the anrieles, the nerve snpply is from spinal entane- 
ons nerves (C2 and C3). 

MOTOR NERVES OF FAGE 

The motor nerves of the faee are thefaeial nerve to the mns- 
eles of faeial expression and the motor root of the trigeminal 
nerve/mandihnlar nerve to the mnseles of mastieation (mas- 
seter, temporal, medial, and lateral pterygoids). These nerves 
also snpply some more deeply plaeed mnseles (deseribed 
later in this ehapter in relation to the month, middle ear, and 

neek) (Fig. 7.19A). 

FAGIAL NERVE 

CN VII, the faeial nerve, has a motor root and a sensory/ 
parasympathetie root (the latter being the intermediate 
nerve). The motor root of CN VII snpplies the mnseles 
of faeial expression, inelnding the snperfieial mnsele of the 
neek (platysma), anrienlar mnseles, sealp mnseles, and eer- 
tain other mnseles derived from mesoderm in the embryonie 
seeond pharyngeal areh (Fig. 7.23). Following a eirenitons 
ronte throngh the temporal bone, CN VII emerges from the 
eraninm throngh the stylomastoid foramen loeated between 
the mastoid and styloid proeesses (Figs. 7.9B and 7.11). It 
immediately gives off the posterior auricular nerve, which 
passes posterosnperior to the anriele of the ear to snpply the 
anrienlaris posterior and oeeipital belly of the oeeipitofronta- 

lis mnsele (Fig. 7.23A & C). 

The main trnnk of CN VII rnns anteriorly and is engnlfed 
by the parotid gland, in which it forms the parotid plexus. 
This plexus gives rise to the five terminal branehes of the 
faeial nerve: temporal, zygomatie, hneeal, marginal man- 
dihnlar, and eervieal. The names of the branehes refer to 
the regions they snpply. Speeifie mnseles snpplied by eaeh 
braneh are identified in Table 7.4. 

The temporal braneh of CN VII emerges from the 
snperior border of the parotid gland and erosses the zygo- 
matie areh to snpply the anrienlaris snperior and anrienlaris 
anterior; the frontal belly of the oeeipitofrontalis; and, most 
important, the snperior part of the orbienlaris oenli. 

The zygomatie braneh of CN VII passes via two or 
three branehes snperior and mainly inferior to the eye to 
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FIGIJRE 7.23. Branehes of faeìal nerve (CN VII). A. The terminal branehes of CN VII arise from the parotid plexus vvithin the parotid gland. They 
emerge from the gland under eover of its lateral surface and radiate in a generally anterior direetion aeross the faee. Although intimately related to 
the parotid gland (and often eontaeting the submandibular gland via one or more of its lovver branehes), CN VII does not send nerve fibers to the 
salivary glands. Tvvo muscles representing the extremes of the distribution of CN VII, the oeeipitofrontalis and platysma, are also shovvn. B. A simple 
method for demonstrating and remembering the general course of the five terminal branehes of CN VII to the faee and neek. C. Disseetion of the 
right side of the head shovving the great auricular nerve (C2 and C3), v\/hich supplies the parotid sheath and skin over the angle of the mandible, 
and terminal branehes ofthe faeial nerve, vvhieh supply the muscles offaeial expression: B, buccal; C, eervieal; M, marginal mandibular; T, temporal; 
Z, zygomatie. 
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supply the inferior part of the orbieularis oenli and other 
faeial mnseles inferior to the orbit. 

The buccal braneh of CN VII passes external to the 
bneeinator to supply this mnsele and the mnseles of the 
upper lip (npper parts of orbienlaris oris and inferior fibers 
of levator labii snperioris). 

The marginal mandibnlar braneh of CN VII snpplies 
the risorins and mnseles of the lower lip and ehin. It emerges 
from the inferior border of the parotid gland and erosses the 
inferior border of the mandible deep to the platysma to reaeh 
the faee. In approximately 20% of people, this braneh passes 
inferior to the angle of the mandible. 

The eervieal braneh of CN VII passes inferiorly from 
the inferior border of the parotid gland and rnns posterior to 
the mandible to snpply the platysma (Fig. 7.23). 

Superíicial Vasculature 
of Faee and Sealp 

The faee is riehly snpplied by with snperfieial arteries 
and external veins, as is evident in blnshing and blaneh- 
ing (e.g., beeoming pale dne to eold). The terminal 
branehes of both arteries and veins anastomose freely, 
inelnding anastomoses aeross the midline with eontralat- 
eral partners. 

SUPERFICIAL ARTERIES OF FACE 

Most snperfieial arteries of the faee are branehes or deriva- 
tives of hranehes of the external earotid artery, as illnstrated 
in Fignre 7.24. The origin, eonrse, and distribntion of these 
arteries are presentedin Table 7.5. The faeial arteiy provides 
the major arterial snpply to the faee. It arises from the exter- 
nal earotid artery and winds its way to the inferior border 
of the mandible, just anterior to the masseter (Figs. 7.23C 


and 7.24B). The artery lies snperfieially here, immediately 
deep to the platysma. The faeial artery erosses the man- 
dible, bneeinator, and maxilla as it eonrses over the faee to 
the medial angle (eanthns) of the eye, where the snperior 
and inferior eyelids meet (Fig. 7.24B). The faeial artery lies 
deep to the zygomatiens major and levator labii snperioris 
mnseles. Near the termination of its sinuous course through 
the faee, the faeial artery passes approximately a finger s 
breadth lateral to the angle of the mouth. The faeial artery 
sends branehes to the upper and lower lips (saperior and 
inferior labial arteries), aseends along the side of the 
nose, and anastomoses with the dorsal nasal braneh of the 
ophthalmie artery. Distal to the lateral nasal artery at the 
side of the nose, the terminal part of the faeial artery is 
ealled the angnlar artery. 

The snperfieial temporal artery is the smaller ter- 
minal braneh of the external earotid artery; the other 
braneh is the maxillary artery. The snperfieial temporal 
artery emerges on the faee between the temporomandibn- 
lar joint (TMJ) and the anriele, enters the temporal fossa, 
and ends in the sealp by dividing into frontal and pari- 
etal hranehes. These arterial branehes aeeompany or run 
in elose proximity to the eorresponding branehes of the 
auriculotemporal nerve. 

The transverse faeial artery arises from the snperfi- 
eial temporal artery within the parotid gland and erosses 
the faee snperfieial to the masseter (Figs. 7.23C and 
7.24B), approximately a finger’s breadth inferior to the 
zygomatie areh. It divides into numerous branehes that 
snpply the parotid gland and duct, the masseter, and the 
skin of the faee. It anastomoses with branehes of the faeial 
artery. 

In addition to the snperfieial temporal arteries, sev- 
eral other arteries aeeompany cutaneous nerves in the 
faee. Snpra-orbital and snpratroehlear arteries, 
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FIGIJRE 7.24. Superficial arteries of faee and sealp. 
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TABLE 7.5. SUPERFICIAL ARTERIES OF FACE AND SCALP 


Artery 

Origin 

Course 

Distribution 

Faeial 

External earotid artery 

Aseends deep to submandibular 
gland; vvinds around inferior border of 
mandible and enters faee 

Muscles of faeial expression and 
faee 

Inferior labial 

Faeial artery near angle of mooth 

Runs medially in lovver lip 

Lovver lip 

Superior labial 

Runs medially in upper lip 

Llpper lip and ala (side) and septum 
ofnose 

Lateral nasal 

Faeial artery as itaseends along- 
side nose 

Passes to ala of nose 

Skin on ala and dorsum of nose 

Angular 

Terminal braneh of faeial artery 

Passes to medial angle (canthus) 
of eye 

Superior part of eheek and inferior 
eyelid 

Oeeipital 

External earotid artery 

Passes medial to posterior belly 
of digastrie and mastoid proeess; 
aeeompanies oeeipital nerve in 
oeeipital region 

Sealp of baekof head, as faras 
vertex 

Posterior auricular 

External earotid artery 

Passes posteriorly, deep to parotid 
gland, aiong styloid proeess betvveen 
mastoid proeess and ear 

Auricle of earand sealp posteriorto 
auricle 

Superficial 

temporal 

Smaller terminal braneh of external 
earotid artery 

Aseends anteriorto earto region and 
ends in sealp 

Faeial muscles and skin of temporal 
frontal and temporal regions 

Transverse faeial 

S yperfieial temporal artery vvithin 
parotid gland 

Grosses faee superficial to masseter 
and inferiorto zygomatie areh 

Parotid gland and duct, muscles and 
skin of faee 

Mental 

Terminal braneh of inferior alveolar 
artery 

Emerges from mental foramen and 
passes to ehin 

Faeial muscles and skin of ehin 

Supra-orbital^ 

Terminal braneh ofophthalmie artery 

Passes superiorly from supra-orbital 
foramen 

Muscles and skin of forehead and 
sealp and superior conjunctiva 

Supratrochlear^ 

Passes superiorly from supratro- 
ehlear noteh 


^Source is internal earotid artery. 


branehes of the ophthalmie artery, aeeompany nerves of 
the same name aeross the eyebrows and forehead (Fig. 
7.24; Table 7.5). The snpra-orbital artery eontinnes and 
snpplies the anterior sealp to the vertex. The mental 
artery, the only snperfieial braneh derived from the 
maxillary artery, aeeompanies the nerve of the same 
name in the ehin. 

ARTERIES OF SGALP 

The sealp has a rieh blood snpply (Fig. 7.24A; Table 7.5). 
The arteries eonrse within layer two of the sealp, the snb- 
entaneons eonneetive tissne layer between the skin and the 
epieranial aponenrosis. The arteries anastomose freely with 
adjaeent arteries and aeross the midline with the eontralat- 
eral artery. The arterial walls are firmly attaehed to the dense 
eonneetive tissne in whieh the arteries are embedded, limit- 
ing their ability to eonstriet when ent. Consequently, bleed- 
ing from sealp wounds is profnse. 


The arterial snpply is from the external earotid arter- 
ies throngh the oeeipital, posterior auricular, and super- 
jìeial temporal arteries, and from the internal earotid 
arteries throngh the snpratroehlear and supra-orhital 
arteries. The arteries of the sealp snpply little blood to the 
nenroeraninm, which is snpplied primarily by the middle 
meningeal artery. 

EXTERNAL VEINS OF FACE 

Most external faeial veins are drained by veins that aeeom- 
pany the arteries of the faee. As with most snperfieial veins, 
they are snbjeet to many variations; a eommon pattern is 
shown in Fignre 7.25, and Table 7.6 provides details. The 
venons retnrn from the faee is normally snperfieial, bnt anas- 
tomoses with deep veins, a dnral sinns, and venons plexus ean 
provide deep drainage for the valveless veins. 

Like veins elsewhere, they have abnndant anastomo- 
ses that allow drainage to oeenr by alternate rontes dnring 
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FIGITRE 7.25. Veins of faee and sealp. 


TABLE 7.6. VEINS OF FAGE AND SGALP 


Vein 

Origin 

Course 

Terminatìon 

Area Drained 

Supratrochlear 

Begins from venous plexus 
on forehead and seaip, 
through vvhieh itcommuni- 
eates vvith frontal braneh of 
superficial temporal vein, its 
eontralateral partner, and 
supra-orbital vein 

Deseends near midline of 
forehead to root of nose, 
vvhere itjoins supra-orbital 
vein 

Angular vein at root of nose 

Anterior part of sealp and 
forehead 

Supra-orbital 

Begins in forehead by 
anastomosing vvith frontal 
tributary of superficial 
temporal vein 

Passes medially superior 
to orbit; joins supratroch- 
learvein; a braneh passes 
through supra-orbital noteh 
and joins vvith superior oph- 
thalmie vein 

Angular 

Begins at root of nose by 
union of supratrochlear and 
supra-orbital veins 

Deseends obliquely along 
rootand side of nose to 
inferior orbital margin 

Beeomes faeial vein at infe- 
rior margin of orbit 

Anterior part of sealp and 
forehead; superior and 
inferior eyelids and conjunc- 
tiva; may reeeive drainage 
from cavernous sinus 

Faeial 

Continuation of angular 
vein past inferior margin 
of orbit 

Deseends along lateral 
border of nose, reeeiving 
external nasal and infe- 
rior palpebral veins; then 
passes obliquely aeross 
faee to eross inferior border 
of mandible; reeeives 
communication from ret- 
romandibular vein (after 
vvhieh, it is sometimes 
ealled eommon faeial vein) 

Internal jugular vein oppo- 
site or inferior to level of 
hyoid bone 

Anterior sealp and fore- 
head; eyelids; external 
nose; anterior eheek; lips; 
ehin; and submandibular 
gland 
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TABLE 7.6. VEINS OF FAGE AND SGALP (Contìnued) 


Vein 

Origin 

Course 

Termination 

Area Drained 

Deep faeial 

Pterygoid venous plexus 

Runs anteriorly on maxilla 
superiorto buccinator and 
deep to masseter, emerging 
medial to anterior border of 
masseter onto faee 

Enters posterior aspeetof 
faeial vein 

Infratemporal fossa (most 
areas supplied by maxil- 
lary artery) 

Superficial 

temporal 

Begins from vvidespread 
plexus of veins on side of 
sealp and along zygomatie 
areh 

Frontal and parietal tribu- 
taries unite anteriorto the 
auricle; erosses temporal 
root of zygomatie areh to 
pass from temporal region 
and enter substance ofthe 
parotid gland 

J oins maxillary vein poste- 
rior to neek of mandible to 
form retromandibular vein 

Side of sealp; superficial 
aspeet oftemporal muscle; 
and external ear 

Retromandibular 

Formed anteriorto ear by 
union of superficial tempo- 
ral and maxillary veins 

Runs posterior and deep to 
ramus of mandible through 
substance of parotid gland; 
communicates atinferior 
end vvith faeial vein 

LJnites vvith posterior auric- 
ular vein to form external 
jugular vein 

Parotid gland and 
masseter muscle 


periods of temporary eompression. The alternate rontes 
inelnde both snperfieial pathways (via the faeial and retro- 
mandibular/external jngnlar veins) and deep drainage (via 
the anastomoses with the eavernons sinns, pterygoid venons 
plexus, and the internal jngnlar vein). 

The faeial veins, eonrsing with or parallel to the faeial 
arteries, are valveless veins that provide the primary snperfi- 
eial drainage of the faee. Tribntaries of the faeial vein inelnde 
the deep faeial vein, which drains the pterygoid venons 
plexus of the infratemporal fossa. Inferior to the margin of 
the mandible, the faeial vein is joined by the anterior (eom- 
mnnieating) braneh of the retromandibnlar vein. The faeial 
vein drains direetly or indireetly into the internal jngnlar vein 
(IJV). At the medial angle of the eye, the faeial vein eommn- 
nieates with the snperior ophthalmie vein, which drains into 
the eavernons sinus. 

The retromandibnlar vein is a deep vessel of the faee 
formed by the nnion of the snperfieial temporal vein and the 
maxillary vein, the latter draining the pterygoid venons plexus. 
The retromandibnlar vein rnns posterior to the ramns of the 
mandible within the snbstanee of the parotid gland, snperfi- 
eial to the external earotid artery and deep to the faeial nerve. 
As it emerges from the inferior pole of the parotid gland, the 
retromandibnlar vein divides into an anterior braneh that 
nnites with the faeial vein and a posterior braneh that joins 
the posterior anrienlar vein inferior to the parotid gland to 
form the external jngnlar vein. This vein passes inferiorly 
and snperfieially in the neek to empty into the snbelavian vein. 

VEINS OF SGALP 

The venons drainage of the snperfieial parts of the sealp is 
throngh the aeeompanying veins of the sealp arteries, the 

snpra-orbital and snpratroeblear veins. The snperfieial 
temporal veins and posterior anrienlar veins drain the 


sealp anterior and posterior to the anrieles, respeetively. The 
posterior anrienlar vein often reeeives Simastoid emissary vein 
from the sigmoid sinns, a dnral venons sinns (see Fig. 7.33). 
The oeeipital veins drain the oeeipital region of the sealp. 
Venons drainage of deep parts of the sealp in the temporal 
region is throngh deep temporal veins, which are tribntar- 
ies of the pterygoid venons plexus. 

LYMPHATie DRAINAGE OF FACE AND SGALP 

There are no lymph nodes in the sealp, and except for the 
parotid/bneeal region, there are no lymph nodes in the faee. 
Lymph from the sealp, faee, and neek drains into the super- 
jìeial ring (perieervieal eollar) of lymph nodes —snbmental, 
snbmandibnlar, parotid, mastoid, and oeeipital—loeated at 
the jnnetion of the head and neek (Fig. 7.26A). The lym- 
phatie vessels of the faee aeeompany other faeial vessels. 
Snperfieial lymphatie vessels aeeompany veins, and deep 
lymphaties aeeompany arteries. All lymphatie vessels from 
the head and neek drain direetly or indireetly into the deep 
eervieal lymph nodes (Fig. 7.26B), a ehain of nodes mainly 
loeated along the IJV in the neek. Lymph from these deep 
nodes passes to the jugular lymphatie trunk, which joins 
the thoraeie duct on the left side and the IJV or braehioee- 
phalie vein on the right side. A snmmary of the lymphatie 
drainage of the faee follows: 

• Lymph from the lateral part of the faee and sealp, inelnd- 
ing the eyelids, drains to the snperfieial parotid lymph 
nodes. 

• Lymph from the deep parotid nodes drains to the deep 
eervieal lymph nodes. 

• Lymph from the npper lip and lateral parts of the lower 
lip drains to the submandibular lymph nodes. 

• Lymph from the ehin and eentral part of the lower lip 
drains to the snbmental lymph nodes. 
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FIGIJRE 7.26. Lymphatie drainage of faee and sealp. A. Superficial drainage. A perieervieal eollar of superfìcial lymph nodes is formed at the junc- 
tion of the head and neek by the submental, submandibular, parotid, mastoid, and oeeipital nodes. These nodes initially reeeive most of the lymph drainage 
from the faee and sealp. B. Deep drainage. All lymphatie vessels from the head and neek ultimately drain into the deep eervieal lymph nodes, either direetly 
from the tissues or indireetly after passing through an outlying group of nodes. 


Surface Anatomy of Faee 

Despite the apparently infinite variations that enable people 
to be identified as individnals, the featnres of the hnman faee 
are eonstant (Fig. 7.27). The eyebrows (L. snpereilia) are 
linear grovvths of hair overlying the supra-orbital margin. 
The hairless region betvveen the eyebrovvs overlies the gla- 
hella, and the prominent ridges that extend laterally on eaeh 
side above the eyebrovvs are the snpereiliary arehes. 

The eyelids (L. palpehrae) are mobile, mnsenlofibrons 
folds that overlie the eyeball. They are joined at eaeh end of 
the palpebral fissnre betvveen the eyelids at the medial 
and lateral angles (eanthi) of the eye. The epieanthal fold 
(epieanthns) is a fold of skin that eovers the medial angle 
of the eye in some people, ehiefiy Asians. The depressions 
snperior and inferior to the eyelids are the snprapalpebral 
and infrapalpebral sulci. 

The shape of the nose varies remarkably. The external 
nose presents a prominent apex and is eontinnons vvith the 
forehead at the root of the nose (bridge). The ronnded ante- 
rior border betvveen the root and apex is the dorsnm of the 
nose. Inferior to the apex, the nasal eavity of eaeh side opens 
anteriorly by a naris (plnral = nares), bonnded medially by 
the nasal septnm and laterally by an ala (vving) of the nose. 
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FIGIJRE 7.27. Surface anatomy of faee. 
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The lips surround the opening of the month, the oralfis- 
sure. The vermillion border of the lip marks the begin- 
ning of the transitional zone (eommonly referred to as the 
lip) between the skin and mneons membrane of the lip. The 
skin of the transitional zone is hairless and thin, inereasing 
its sensitivity and eansing its eolor to be different (beeanse of 
nnderlying eapillary beds) from that of the adjaeent skin of 
the faee. The lateral jnnetion of the lips is the labial eom- 
missnre; the angle between the lips, medial to the eommis- 
snre, that inereases as the month opens and deereases as it 
eloses is the angle of the month. 


The median part of the upper lip featnres a tnberele, supe- 
rior to which is a shallow groove, the philtnim (G. love eharm), 
evtending to the nasal septnm. The musculofìbrous folds of the 
lips continue laterally as the eheek, which also eontains the 
bneeinator mnsele and bneeal fat-pad. The eheek is separated 
from the lips by the nasolabial snlens, which runs obliquely 
between the ala of the nose and the angle of the mouth. These 
grooves are easiest to observe during smiling. The lower lip is 
separated from the mental protnberanee (ehin) by the men- 
tolabial snlens. The lips, eheeks, and ehin of the matnre male 
grow hair as part of the seeondary sex eharaeteristies, the beard. 


FACE AND SGALP 

Faeial Laeerations and ineisions 

Beeanse the faee has no distinet deep faseia and the 
subcutaneous tissue between the cutaneous attaeh- 
ments of the faeial mnseles is \oose, faeial laeerations 
tend to gape (part widely). Consequently, the skin must be 
earefiilly sutured to prevent searring. The looseness of the sub- 
cutaneous tissue also enables fìuid and blood to accumulate in 
the loose eonneetive tissne following bmising of the faee. 

Similarly, faeial infìammation eanses eonsiderable swelling 
(e.g., a bee sting on the root of the nose may elose both eyes). 
As a person ages, the skin loses its resilieney (elastieity). As a 
resnlt, ridges and wrinkles occur in the skin perpendienlar to 
the direetion of the faeial mnsele fìbers. Skin ineisions along 
these eleavage or wrinkle lines (Langer lines) heal with minimal 
searring (see the blue box “Skin ineisions and Searring,” p. 15). 




Sealp Injuries 

Beeanse the sealp arteries arising at the sides of the 
head are well proteeted by dense eonneetive tissne 
and anastomose freely, a pariially detaehed sealp 
may be replaeed with a reasonable ehanee of healing as long as 
one of the vessels snpplying the sealp remains intaet. Dnring an 
attaehed eraniotomy (snrgieal removal of a segment of the eal- 
varia with a soft tissne sealp fìap to expose the eranial eavity), 
the ineisions are usually made convex and upward, and the 
snperfìeial temporal artery is inelnded in the tissne fìap. 

The sealp proper, the fìrst three layers of the sealp (see 
Fig. 7.15A), is often regarded elinieally as a single layer 
beeanse they remain together when a sealp fìap is made dur- 
ing a eraniotomy and when part of the sealp is torn off (e.g., 
dnring an indnstrial aeeident). Nerves and vessels of the sealp 
enter inferiorly and aseend throngh layer two to the skin. 
Consequently, snrgieal pediele sealp fìaps are made so that 
they remain attaehed inferiorly to preserve the nerves and 
vessels, thereby promoting good healing. 

The arteries of the sealp snpply little blood to the ealvaria, 
which is snpplied by the middle meningeal arteries. There- 


fore, loss of the sealp does not prodnee neerosis (death) of 
the ealvarial bones. 



Sealp Wounds 

The epieranial aponenrosis is elinieally important. 
Beeanse of the strength of this aponenrosis, snperf- 
eial sealp wounds do not gape, and the margins of the 
wound are held together. Fnrthermore, deep sutures are not 
neeessary when suturing snperfìeial wounds beeanse the epi- 
eranial aponenrosis does not allow wide separation of the skin. 
Deep sealp wounds gape widely when the epieranial aponen- 
rosis is laeerated in the eoronal plane beeanse of the pull of the 
frontal and oeeipital bellies of the oeeipitofrontalis mnsele in 
opposite direetions (anteriorly and posteriorly). 



Sealp infeetions 

The loose eonneetive tissne layer (layer four) of the 
sealp is the danger area of the sealp because pus or 
blood spreads easily in it. infeetion in this layer ean 
also pass into the eranial eavity throngh small emissary veins, 
which pass throngh parietal foramina in the ealvaria, and reaeh 
intraeranial stmetnres such as the meninges (Fig. 7.8A & C). 
An infeetion eannot pass into the neek beeanse the oeeipital 
bellies of the oeeipitofrontalis mnsele attaeh to the oeeipital 
bone and mastoid parts of the temporal bones (Fig. 7.16A). 
Neither ean a sealp infeetion spread laterally beyond the zygo- 
matie arehes beeanse the epieranial aponenrosis is continuous 
with the temporal faseia that attaehes to these arehes. 

An infeetion or fìuid (e.g., pus or blood) ean enter the 
eyelids and the root of the nose beeanse the oeeipitofrontalis 
inserts into the skin and subcutaneous tissue and does not 
attaeh to the bone (Fig. 7.16B). The skin of the eyelid is the 
thinnest of the body and is delieate and sensitive. Beeanse of 
the loose natnre of the subcutaneous tissue within the eyelids, 
even a relatively slight injnry or infìammation may resnlt in 
an accumulation of fìuid, causing the eyelids to swell. Blows 
to the peri-orbital region usually produce soft tissue damage 
because the tissues are crushed against the strong and rela- 
tively sharp margin. Consequently, “blaek eyes” {peri-orhital 
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FIGIJRE B7.12. Eeehymosìs (extravasatìon of blood underthe skìn). 


eeehymosis) ean resnlt from an injnry to the sealp and/or 
the forehead (Fig. B7.12). Eeehymosis (pnrple patehes), 
develop as a resnlt of extravasation of blood into the snbenta- 
neons tissne and skin of the eyelids and snrronnding regions. 


Sebaceous Gysts 

The dnets of sebaeeons glands assoeiated with hair 
follieles in the sealp may beeome obstrneted, resnlt- 
ing in the retention of seeretions and the formation of 
sehaeeons eysts (pilar eysts). Beeanse they are in the skin, seba- 
eeons eysts move with the sealp. 



to flare the nostrils. Ghildren who are ehronie month 
hreathers often develop dental maloeelnsion (improper 
bite) beeanse the alignment of the teeth is maintained to a 
large degree by normal periods of oeelnsion and labial elo- 
snre. Anti-snoring deviees have been developed that attaeh 
to the nose to flare the nostrils and maintain a more patent 
air passageway. 



Paralysis of Faeial Muscles 

Injnry to the faeial nerve (CN VII) or its branehes 
prodnees paralysis of some or all faeial mnseles on the 
affeeted side {Bell palsy). The affeeted area sags, and 
faeial expression is distorted, making it appear passive or sad 
(Fig. B7.13). The loss of tonns of the orbienlaris oenli eanses the 
inferior eyelid to evert (fall away from the snrfaee of the eye- 
ball). As a resnlt, laerimal flnid is not spread over the eornea, 
preventing adequate inbrieation, hydration, and flnshing of the 
snrfaee of the eomea. 

This makes the eornea vnlnerable to nleeration. A resnlt- 
ing eorneal sear ean impair vision. If the injnry weakens or 
paralyzes the bneeinator and orbienlaris oris, food will aeen- 
mnlate in the oral vestibnle dnring chewing, nsnally requir- 
ing eontinnal removal with a flnger. When the sphineters or 
dilators of the month are affeeted, displaeement of the month 
(drooping of its eorner) is prodneed by eontraetion of nnop- 
posed eontralateral faeial mnseles and gravity, resnlting in 
food and saliva dribbling ont of the side of the month. Weak- 
ened lip mnseles affeet speeeh as a resnlt of an impaired abil- 
ity to prodnee labial {B, M, P, or W) sonnds. Affeeted persons 
eannot whistle or blow a wind instrnment. They frequently 
dab their eyes and month with a handkerehief to wipe the 
flnid (tears and saliva), which rnns from the drooping lid and 
month; the flnid and eonstant wiping may resnlt in loealized 
skin irritation. 


eephalhematoma 

Sometimes after a diffienlt birth, bleeding oeenrs 
between the baby s perieraninm (layer 5 of sealp; see 
Fig. 7.15A) and ealvaria, nsnally over one parietal 
bone. Blood beeomes trapped in this area, eansing a eephalhe- 
matoma. This benign eondition frequently resnlts from birth 
tranma that rnptnres mnltiple, minnte periosteal arteries that 
nonrish the bones of the ealvaria. 



Flaring of Nostrils 

The aetions of the nasalis mnseles (Fig. 7.17, een- 
ter top row) have generally been held as insignifi- 
eant; however, observant elinieians stndy their 
aetion beeanse of their diagnostie valne. For example, trne 
nasal hreathers ean flare their nostrils distinetly. Habitnal 
month breathing, eansed by ehronie nasal obstrnetion, for 
example, diminishes and sometimes eliminates the ability 




FIGUREB7.13. 
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Infra-Orbital Nerve Bloek 

For treating wounds of the npper lip and eheek or, 
more eommonly, for repairing the maxillary ineisor 
teeth, loeal anesthesia of the inferior part of the faee 
is aehieved by infiltration of the infra-orbital nerve with an 
anesthetie agent. The injeetion is made in the region of the 
infra-orbital foramen, by elevating the npper lip and passing 
the needle throngh the jnnetion of the oral mneosa and gin- 
giva at the snperior aspeet of the oral vestibnle. 

To determine where the infra-orbital nerve emerges, 
pressnre is exerted on the maxilla in the region of the infra- 
orbital foramen. Too mneh pressnre on the nerve eanses 
eonsiderable pain. Beeanse eompanion infra-orbital vessels 
leave the infra-orbital foramen with the nerve, aspiration of 
the syringe dnring injeetion prevents inadvertent injeetion 
of anesthetie flnid into a blood vessel. Beeanse the orbit is 
loeated jnst snperior to the injeetion site, a eareless injeetion 
eonld resnlt in passage of anesthetie flnid into the orbit, eans- 
ing temporary paralysis of the extra-ocular mnseles. 

Mental and ineìsive Nerve Bloeks 

Oeeasionally, it is desirable to anesthetize one side of 
the skin and mneons membrane of the lower lip, and 
the skin of the ehin (e.g., to sntnre a severe laeeration 
of the lip). injeetion of an anesthetie agent into the mental fora- 
men bloeks the mental nerve that snpplies the skin and mneons 
membrane of the lower lip from the mental foramen to the 
midline, inelnding the skin of the ehin. 




Buccal Nerve Bloek 



To anesthetize the skin and mneons membrane of the 
eheek (e.g., to sntnre a knife wound), an anesthetie 


injeetion ean be made into the mneosa eovering the 
retromolar fossa, a triangnlar depression posterior to the 3rd 
mandibnlar molar tooth between the anterior border of the 
ramns and the temporal erest. 



Trigemìnal Neuralgia 

Trigemìnal nenralgia or tie douloureux is a sensory 
disorder of the sensory root of CN V that oeenrs 
most often in middle-aged and elderly persons. It is 
eharaeterized by sndden attaeks of excruciating, lightening- 
like jabs of faeial pain. A paroxysm (sndden sharp pain) ean 
last for 15 minntes or more. The pain may be so intense that 
the person winces; henee the eommon term tie (twitch). In 
some eases, the pain may be so severe that psyehologieal 
ehanges oeenr, leading to depression and even snieide 
attempts. 

CN V2 is most frequently involved, then CN V3, and 
least frequently, CN V^. The paroxysms are often set off by 
tonehing the faee, brnshing the teeth, shaving, drinking, or 
chewing. The pain is often initiated by tonehing an espe- 
eially sensitive trigger zone, frequently loeated aronnd the 


tip of the nose or the eheek (Haines, 2006). In trigeminal 
nenralgia, demyelination of axons in the sensory root oeenrs. 
In most eases this is eansed by pressnre of a small aberrant 
artery (Kiernan, 2008). Often, when the aberrant artery is 
moved away from the sensory root of CN V, the symptoms 
disappear. Other seientists believe the eondition is eansed 
by a pathologieal proeess affeeting nenrons in the trigeminal 
ganglion. 

Medieal or snrgieal treatment or both are nsed to alleviate 
the pain. In eases involving the CN V^, attempts have been 
made to bloek the infra-orbital nerve at the infra-orbital fora- 
men by nsing aleohol. This treatment nsnally relieves pain 
temporarily. The simplest snrgieal proeednre is avnlsion or 
entting of the branehes of the nerve at the infra-orbital fora- 
men. 

Other treatments have nsed radiofrequency seleetive 
ahlation of parts of the trigeminal ganglion by a needle elee- 
trode passing throngh the eheek and foramen ovale. In some 
eases, it is neeessary to seetion the sensory root for relief of 
the pain. To prevent regeneration of nerve flbers, the sensory 
root of the trigeminal nerve may be partially ent between the 
ganglion and the brainstem (rhizotomy). Althongh the axons 
may regenerate, they do not do so within the brainstem. Snr- 
geons attempt to differentiate and ent only the sensory flbers 
to the division of CN V involved. 

The same resnlt may be aehieved by seetioning the spinal 
traet of CN V (traetotomy). After this operation, the sensa- 
tion of pain, temperatnre, and simple (light) toneh is lost 
over the area of skin and mneons membrane snpplied by the 
affeeted eomponent of the CN V. This loss of sensation may 
annoy the patient, who may not reeognize the presenee of 
food on the lip and eheek or feel it within the month on the 
side of the nerve seetion, bnt these disabilities are nsnally 
preferable to excruciating pain. 


Lesions of Trigeminal Nerve 



Lesions of the entire trigeminal nerve eanse wide- 
spread anesthesia involving the: 


• Corresponding anterior half of the sealp. 

• Faee, except for an area aronnd the angle of the mandible, 
the eornea, and the eonjnnetiva. 

• Mneons membranes of the nose, month, and anterior part 
of the tongne. 


Paralysis of the mnseles of mastieation also oeenrs. 


Herpes Zoster infeetion 
of Trigeminal Ganglion 



A herpes zoster virus infeetion may prodnee a lesion 
in the eranial ganglia. Involvement of the trigeminal 
ganglion oeenrs in approximately 20% of eases 
(Bernardini, 2010). The infeetion is eharaeterized by an 
ernption of gronps of vesieles following the eonrse of the 
affeeted nerve (e.g., ophthalmie herpes zoster). Any division 
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of CN V may be involved, bnt the ophthalmie division is most 
eommonly affeeted. IJsnally, the eornea is involved, often 
resnlting in painfnl eorneal nleeration and subsequent sear- 
ring of the eornea. 



Testing Sensory Fnnetion of CN V 

The sensory fnnetion of the trigeminal nerve is 
tested by asking the person to elose his or her eyes 
and respond when types of toneh are felt. For 
example, a pieee of dry ganze is gently stroked aeross the 
skin of one side of the faee and then to the eorresponding 
position on the other side. The test is then repeated nntil 
the skin of the forehead (CN Vi), eheek (CN V^), and lower 
jaw (CN V3) have been tested. The person is asked if one 
side feels the same as or different from the other side. The 
testing may then be repeated nsing warm or eold instrn- 
ments and the gentle toneh of a sharp pin, again alternating 

sides (Fig. B7.14). 



FIGUREB7.14. 



Injuries to Faeìal Nerve 

Injnry to branehes of the faeial nerve eanses paralysis 
of the faeial mnseles (Bell palsy), with or without loss 
of taste on the anterior two thirds of the tongne or 
altered seeretion of the laerimal and salivary glands (see the 
blne box 'Taralysis of Faeial Mnseles,” p. 861). Lesions near the 
origin of CN VII from the pons of the brain, or proximal to the 
origin of the greater petrosal nerve (in the region of the genien- 
late ganglion), resnlt in loss of motor, gnstatory (taste), and 
antonomie fnnetions. Lesions distal to the genienlate ganglion, 
bnt proximal to the origin of the ehorda tympani nerve, pro- 
dnee the same dysfnnetion, except that laerimal seeretion is not 
affeeted. Lesions near the stylomastoid foramen resnlt in loss 
of motor fnnetion only (i.e., faeial paralysis). 

Faeial nerve palsy has many eanses. The most eommon 
nontranmatie eanse of faeial paralysis is inflammation of the 
faeial nerve near the stylomastoid foramen (see Fig. 7.9A), 
often as a resnlt of a viral infeetion. This prodnees edema 
(swelling) and eompression of the nerve in the faeial eanal. 
Injnry of the faeial nerve may resnlt írom fraetnre of the 
temporal hone; faeial paralysis is evident soon after the 
injnry. If the nerve is eompletely seetioned, the ehanees 
of eomplete or even partial reeovery are remote. Mnsenlar 


movement nsnally improves when the nerve damage is asso- 
eiated with blnnt head tranma; however, reeovery may not 
be eomplete (Rowland, 2010). Faeial nerve palsy may be 
idiopathie (oeenrring without a known eanse), bnt it often 
follows exposure to eold, as oeenrs when riding in a ear with 
a window open. 

Faeial paralysis may be a eomplieation of snrgery; eonse- 
quently, identifìeation of the faeial nerve and its branehes is 
essential dnring snrgery (e.g., parotideetomy, removal of a 
parotid gland). The faeial nerve is most distinet as it emerges 
from the stylomastoid foramen; if neeessary, eleetrieal stimn- 
lation may be nsed for eonfìrmation. Faeial nerve palsy may 
also be assoeiated with dental manipnlation, vaeeination, 
pregnaney, HIV infeetion, Lyme disease (infìammatory dis- 
order eansing headaehe and stiff neek), and infeetions of the 
middle ear (otitis media). Beeanse the branehes of the faeial 
nerve are snperfìeial, they are snbjeet to injnry by stab and 
gnnshot wounds, ents, and injnry at birth (Fig. 7.23): 

• A lesion of the zygomatie hraneh of CN VII eanses paraly- 
sis, inelnding loss of tonns of the orbienlaris oenli in the 
inferior eyelid. 

• Paralysis of the hneeal hraneh of CN VII eanses paralysis 
of the bneeinator and snperior portion of the orbienlaris 
oris and npper lip mnseles. 

• Paralysis of the marginal mandihnlar hraneh of CN VII 
may oeenr when an ineision is made along the inferior 
border of the mandible. Injnry to this braneh (e.g., dnring 
a snrgieal approaeh to the snbmandibnlar gland) eanses 
paralysis of the inferior portion of the orbienlaris oris and 
lower lip mnseles. 

The consequences of sneh paralyses are disenssed in the blne 
box “Paralysis of Faeial Mnseles” on p. 861. 



eompression of Faeìal Artery 

The faeial artery ean be oeelnded by pressnre against 
the mandible where the vessel erosses it. Beeanse of 
the nnmerons anastomoses between the branehes of 
the faeial artery and the other arteries of the faee, eompression 
of the faeial artery on one side does not stop all bleeding from 
a laeerated faeial artery or one of its branehes. In laeerations of 
the lip, pressnre mnst be applied on both sides of the ent to stop 
the bleeding. In general, faeial wounds bleed freely and heal 
quickly. 



Pulses of Arterìes of Faee and Sealp 

The pnlses of the snperfìeial temporal and faeial 
arteries may be nsed for taking the pnlse. For exam- 
ple, anesthesiologists at the head of the operating 
table often take the temporal pnlse where the snperfìeial tem- 
poral artery erosses the zygomatie proeess jnst anterior to the 
anriele. Clench yonr teeth and palpate thefaeial pnlse as the 
faeial artery erosses the inferior border of the mandible imme- 
diately anterior to the masseter mnsele (Fig. 7.24B). 
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Stenosis of Internal 
Garotid Artery 



At the medial angle of the eye, an anastomosis 
oeenrs between the faeial artery, a braneh of the 
external earotid artery, and entaneons branehes of 
the internal earotid artery. With advaneing age, the internal 
earotid artery may beeome narrow (stenotie) owing to ath- 
eroselerotie thiekening of the intima (innermost eoat) of the 
arteries. Beeanse of the arterial anastomosis, intraeranial 
strnetnres sneh as the brain ean reeeive blood from the eon- 
neetion of the faeial artery to the dorsal nasal braneh of the 
ophthalmie artery. 



Sealp Laeerations 

Sealp laeerations are the most eommon type of head 
injnry reqmring snrgieal eare. These wounds bleed 
profnsely beeanse the arteries entering the periphery 
of the sealp bleed from both ends owing to abnndant anastomo- 
ses. The arteries do not retraet when laeerated beeanse they are 
held open by the dense eonneetive tissne in layer two of the 
sealp. Spasms of the oeeipitofrontalis mnsele ean inerease gap- 
ing of sealp wounds. Bleeding from sealp laeerations ean be 
fatal if not eontrolled (e.g., by sntnres). 



Squamous Cell Carcìnoma of Lip 

Squamous eell eareinoma (eaneer) of the lip nsnally 
involves the lower lip (Fig. B7.15). Overexposure to 
snnshine over many years, is a eommon faetor in these 
eases. Ghronie irritation from pipe smoking is also a eontribnt- 
ing eanse. Ganeer eells from the eentral part of the lower lip, 
the floor of the month, and the apex of the tongne spread to the 
snhmental lymph nodes, whereas eaneer eells from lateral 
parts of the lower lip drain to the snhmandihnlar lymph nodes. 



FIGUREB7.15. 


The Bottom Lìne 


FAGE AND SGALP 

The faee provides our identity as an individual human. Thus 
birth or acquired defeets have consequences beyond their 
physieal effeets. ♦ The individuality of the faee results primar- 
ily from anatomieal variation. ♦ The way in which the faeial 
muscles alter the basie features is eritieal to communication. 

♦ Lips and the shape and degree of opening of the mouth are 
important eomponents of speeeh, but emphasis and subtleties 
ofmeaning are provided by ourfacial expressions. 

Structure of sealp: The sealp is a somewhat mobile soft 
tissue mantle eovering the ealvaria. ♦ The primary subcuta- 
neous eomponent of the sealp is the musculo-aponeurotic 
epicranius to which the overlying skin is firmly attaehed, but it 
is separated from the outer periosteum (pericranium) of the 
cranium by loose areolar tissue. ♦ The areolar layer enables the 
mobility ofthe sealp over the ealvaria and permits traumatic 
separation of the sealp from the cranium. ♦ Attaehment of the 
skin to the epieranial aponeurosis keeps the edges of super- 
fieial wounds together, but a wound that also penetrates the 
epieranial aponeurosis gaps widely. ♦ Blood may eolleet in the 
areolar spaee deep to the aponeurosis after a head injury, 

IVIuscles of faee and sealp: The faeial muscles play 
important roles as the dilators and sphineters of the portals of 


the alimentary (digestive), respiratory, and visual systems (oral 
and palpebral fissures and nostrils), eontrolling what enters 
and some ofwhat exits from our bodies. ♦ Other faeial mus- 
eles assist the muscles of mastieation by keeping food between 
the teeth during chewing. ♦ Fleshy portions of the faee (eyelids 
and eheeks) form dynamie eontaining walls for the orbits and 
oral eavity. ♦ Faeial muscles are all derived from the seeond 
pharyngeal areh and are therefore supplied by the nerve ofthis 
areh, the faeial nerve (CN VII). ♦ Faeial muscles are subcutane- 
ous, most having a skeletal origin and a cutaneous insertion. 

♦ The faee laeks the deep faseia present elsewhere in the body. 

Innervatìon of faee and sealp: The faee is highly sensi- 
tive. It reeeives sensory innervation from the three divisions of 
the trigeminal nerve (CN V). ♦ The major terminal branehes 
of eaeh division reaeh the subcutaneous tissue of eaeh side of 
the faee via three foramina that are aligned vertieally. ♦ Eaeh divi- 
sion supplies a distinet sensory zone, similar to a dermatome, 
but without the overlapping of adjaeent nerves; therefore, 
injuries result in distinet and defined areas of paresthesia. 

♦ Thed ivisions of CN V supply sensation not only to the 
superficial skin of the faee but also to deep mucosal surfaces 
of the conJunctival saes, eornea, nasal eavity, and paranasal 
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sinuses and to the oral eavity and vestibule. ♦ The skin eov- 
ering the angle of the mandible is innervated by the great 
auricular nerve, a braneh of the eervieal plexus. ♦ Eight nerves 
supply sensation to the sealp via branehes arising from all 
three divisions ofCN V, anteriorto the auricle ofthe external 
ear and branehes ofeervieal spinal nerves posterior to the 
auricle. ♦ The faeial nerve (CN VII) is the motor nerve of the 
faee, supplying all the muscles of faeial expression, including 
the platysma, oeeipital belly of oeeipitofrontalis, and auricular 
muscles that are not part of the faee per se. ♦ These muscles 
reeeive innervation from CN VII primarily via five branehes of 
the parotid (nerve) plexus. 

Vasculature of faee and sealp: The faee and sealp are 
highly vascular. The terminal branehes ofthe arteries ofthe 
faee anastomose freely (including anastomoses aeross the 
midline with their eontralateral partners). Thus, bleeding 
from faeial laeerations may be diffuse, with the laeerated ves- 
sel bleeding from both ends. ♦ Most arteries of the faee are 
branehes or derivatives of branehes of the external earotid 
artery; the arteries arising from the internal earotid that sup- 
ply the forehead are exceptions. ♦ The main artery to the faee 


is the faeial artery. ♦ The arteries of the sealp are firmly 
embedded in the dense eonneetive tissue overlying the 
epieranial aponeurosis. Thus, when laeerated, these arteries 
bleed from both ends, like those of the faee, but are less able 
to eonstriet or retraet than other superficial vessels; therefore, 
profuse bleeding results. 

The veins of the faee and sealp generally aeeompany arter- 
ies, providing a primarily superficial venous drainage. ♦ How- 
ever, they also anastomose with the pterygoid venous plexus 
and with dural venous sinuses via emissary veins, which pro- 
vide a potentially dangerous route forthe spread of infeetion. 
♦ Most nerves and vessels of the sealp run vertieally toward 
the vertex; thus a horizontal laeeration may produce more 
neurovascular damage than avertieal one. 

The lymphatie drainage of most of the faee follows the 
venous drainage to lymph nodes around the base of the ante- 
rior part of the head (submandibular, parotid, and superficial 
eervieal nodes). ♦ An exception to this pattern is the lymph 
drainage of the eentral part of the lip and ehin, which initially 
drains to the submental lymph nodes. All nodes of the faee 
drain in turn to the deep eervieal lymph nodes. 


GRANIAL MENINGES 

The eranial meninges are membranous eoverings of 
the brain that lie immediately internal to the cranium 

(Figs. 7.15A and 7.28). The eranial meninges: 

• Proteet the brain. 

• Form the snpporting framevvork for arteries, veins, and 
venous sinuses. 

• Enelose a fluid-filled eavity, the subarachnoid spaee, 
which is vital to the normal hmetion of the brain. 

The meninges are eomposed of three membranons eonnee- 
tive tissue layers (Fig. 7.28A, B, & D): 

1. Dura mater {dura): tough, thiek external fibrons layer. 

2. Araehnoid mater (araehnoid): thin intermediate layer. 

3. Pia mater (pia): delieate internal vasenlated layer. 

The intermediate and internal layers (araehnoid and pia) 
are continuous membranes that eolleetively make up the 
leptomeninx (G. slender membrane) (Fig. 7.28B). The 
araehnoid is separated from the pia by the snbaraehnoid 
(leptomeningeal) spaee, which eontains eerebrospinal 
flnid (eSF). This fluid-filled spaee helps maintain the bal- 
anee of extracellular fluid in the brain. CSF is a elear liq- 
uid similar to blood in eonstitntion; it provides nntrients 
but has less protein and a different ion eoneentration. CSF 
is formed by the ehoroid plexuses of the four ventrieles of 
the brain (Fig. 7.28A). This fluid leaves the ventricular 
system and enters the snbaraehnoid spaee between the 
araehnoid and pia mater, where it enshions and nonrishes 
the brain. 


Dura Mater 

The eranial dura mater (dura), a thiek, dense, bilaminar 
membrane, is also ealled the pachymeninx (G. paehy, thiek + 
G. menix, membrane) (Fig. 7.28A). It is adherent to the inter- 
nal table of the ealvaria. The two layers of the eranial dura are 
an external periosteal layer, formed by the periostenm eovering 
the internal snrfaee of the ealvaria, and an internal meningeal 
layer, a strong fibrons membrane that is continuous at the fora- 
men magnum with the spinal dura eovering the spinal eord. 

The extemal periosteal layer of dura adheres to the inter- 
nal snrfaee of the eraninm; its attaehment is tenaeions along the 
suture lines and in the eranial base (Haines, 2006). The extemal 
periosteal layer is continuous at the eranial foramina with the 
periostenm on the extemal snrfaee of the ealvaria (Fig. 7.28C). 
This outer layer is not continuous with the dura mater of the 
spinal eord, which eonsists of only a meningeal layer. 

Except where the dural sinuses and infoldings occur 
(Fig. 7.28B), the internal meningeal layer is intimately hised 
with the periosteal layer and eannot be separated from it 
(Fig. 7.28B & e). The fused external and internal layers of 
dura over the ealvaria ean be easily stripped from the eranial 
bones (e.g., when the ealvaria is removed at antopsy). In the 
eranial base, the two dural layers are firmly attaehed and dif- 
ficult to separate from the bones. In life, such separation at 
the dural-cranial interfaee occurs only pathologieally, ereat- 
ing an actual (blood- or fluid-filled) epidural spaee. 

DURALINFOLDINGS OR REFLEGTIONS 

The internal meningeal layer of dura mater is a susten- 
taenlar (snpporting) layer that refleets away from the external 
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periosteal layer of dura to form dural infoldings (refleetions) 
(Figs. 7.28B and 7.29). The dural infoldings divide the era- 
nial eavity into eompartments, forming partial partitions 
(dnral septa) between eertain parts of the brain and provid- 
ing snpport for other parts. The dural infoldings inelnde the: 

• Falx eerehrì (eerebral falx). 

• Tentorìum eerehellì (eerebellar tentorinm). 

• Falx eerehellì (eerebellar falx). 

• Diaphragma sellae (sellar diaphragm). 

The falx eerebri {F. falx, siekle-shaped), the largest dural 
infolding, lies in the longitudinal eerebral fissnre that 
separates the right and the left eerehral hemìspheres. The 
falx eerebri attaehes in the median plane to the internal sur- 
faee of the ealvaria, from the frontal erest of thefrontal hone 
and erista galli of the ethmoid hone anteriorly to the internal 
oeeipital protnheranee posteriorly (Figs. 7.29A and 7.30). It 
ends by beeoming eontinuous with the tentorium eerebelli. 

The tentorinm eerebelli, the seeond largest dural infold- 
ing, is a wide ereseentie septnm that separates the oeeipital 
lobes of the eerebral hemispheres from the eerebellnm. The 
tentorinm eerebelli attaehes rostrally to the elinoid proeesses 
of the sphenoid, rostrolaterally to the petrons part of the tem- 
poral bone, and posterolaterally to the internal snrfaee of the 
oeeipital bone and part of the parietal bone. 

The falx eerebri attaehes to the tentorium eerebelli and 
holds it up, giving it a tent-like appearanee (L. tentorinm, 
tent). The tentorinm eerebelli divides the eranial eavity 
into snpratentorial and infratentorial eompartments. The 
snpratentorial eompartment is divided into right and left 
halves by the falx eerebri. The eoneave anteromedial border 
of the tentorium eerebelli is free, produeing a gap ealled the 
tentorial noteh throngh whieh the brainstem (midbrain, 
pons, and mednlla oblongata) extends from the posterior into 
the middle eranial fossa (Fig. 7.31A & B). 

The fak eerebelli is a vertieal dural infolding that lies inferior 
to the tentorinm eerebelli in the posterior part of the posterior 
eranial fossa (Figs. 7.29 and 7.30). It is attaehed to the intemal 
oeeipital erest and partially separates the eerebellar hemispheres. 

The diaphragma sellae, the smallest dural infolding, is a 
eirenlar sheet of dura that is suspended between the elinoid 
proeesses forming a partial roof over the hypophysial fossa in 
the sphenoid (Fig. 7.29A). The diaphragma sellae eovers the 


pitnitary gland in this fossa and has an apertnre for passage 
of the infundibulum and hypophysial veins. 

DURAL VENOUS SINUSES 

The dural venous sinuses are endothelium-lined spaees 
between the periosteal and meningeal layers of the dura. 
They form where the dural septa attaeh along the free edge 
of the falx eerebri and in relation to formations of the eranial 
floor (Figs. 7.29, 7.31, and 7.32). Large veins from the sur- 
faee of the brain empty into these sinnses and most of the 
blood from the brain nltimately drains throngh them into the 
IJVs. The superior sagittal sinus lies in the eonvex attaehed 
border of the falx eerebri (Fig. 7.29). It begins at the erista 
galli and ends near the internal oeeipital protnberanee (Fig. 
7.30) at the confluence of sinnses, a meeting plaee of the 
snperior sagittal, straight, oeeipital, and transverse sinnses 
(Fig. 7.32). The snperior sagittal sinus reeeives the supe- 
rior eerebral veins and eommnnieates on eaeh side throngh 
slit-like openings with the lateral venons laennae, lateral 
expansions of the snperior sagittal sinus (Fig. 7.29D). 

Araehnoid grannlations (eolleetions of araehnoid villi) 
are tnfted prolongations of the araehnoid that protmde 
throngh the meningeal layer of the dura mater into the dural 
venous sinuses, espeeially the lateral laeunae and affeet trans- 
fer of eSF to the venons system (Figs. 7.29B & D and 7.35). 
Enlarged araehnoid grannlations {paeehionian hodies) may 
erode bone, forming pits ealled grannlar foveolae in the eal- 
varia (Fig. 7.28E). They are usually observed in the vieinity of 
the snperior sagittal, transverse, and some other dural venous 
sinuses. Araehnoid grannlations are stmetnrally adapted for 
the transport of CSF from the snbaraehnoid spaee to the 
venons system (see “Snbaraehnoid Gisterns,” p. 880). 

The inferior sagittal sinus is mueh smaller than the supe- 
rior sagittal sinus (Fig. 7.29). It mns in the inferior eoneave free 
border of the falx eerebri and ends in the straight sinus. The 
straight sinus (L. sinus rectus) is formed by the union of the 
inferior sagittal sinus with the great eerehral vein. It mns infero- 
posteriorly along the line of attaehment of the falx eerebri to the 
tentorinm eerebelli, where it joins the eonflnenee of sinnses. 

The transverse sinnses pass laterally from the eonfln- 
enee of sinnses, forming a groove in the oeeipital bones 
and the postero-inferior angles of the parietal bones 



FIGIJRE 7.28. Meninges and their relationship to ealvaria, brain, and spinal eord. A. The dura mater and subarachnoid spaee (purple) surround the 
brain and are continuous with that around the spinal eord. B. The two layers of dura separate to form dural venous sinuses, such as the superior sagittal 
sinus. Araehnoid granulations protrude through the meningeal layer of the dura into the dural venous sinuses and effeet transfer of eerebrospinal fluid (CSF) 
to the venous system. C. The normal fat- and vein-filled spinal epidural (extradural) spaee is not continuous with the potential or pathologieal eranial epi- 
dural spaee. Granial dura mater has two layers, whereas spinal dura mater eonsists of a single layer. D. The ealvaria has been removed to reveal the external 
(periosteal layer) ofthe dura mater. In the median plane, a part ofthe thiek roofofthe superior sagittal sinus has been ineised and retraeted; laterally, parts 
ofthe thin roof oftwo lateral lacunae (/.) are refìeeted to demonstrate the abundant araehnoid granulations, which are responsible for absorption of CSF. 
On the right, an angular fìap of dura has been turned anteriorly; the convolutions of the eerebral cortex are visible through the araehnoid mater. 

E. The internal aspeet ofthe ealvaria reveals pits {dottedlines, granular foveolae) in the frontal and parietal bones, which are produced by enlarged araehnoid 
granulations or clusters of smaller ones (as in D). Multiple small emissary veins pass between the superior sagittal sinus and the veins in the diploè and sealp 
through small emissary foramina {arrows) loeated on eaeh side ofthe sagittal suture. The sinuous vascular groove (M) on the lateral wall is formed by the 
frontal braneh ofthe middle meningeal artery. The falx eerebri attaehes anteriorly to the frontal erest {FC). 
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FIGIJRE 7.29. Dural infoldings and dural venous sinuses. The left side of the biseeted head is shown. A. Two siekle-shaped dural folds (septae), the falx 
eerebri and falx eerebelli, are vertieally oriented in the median plane; two roof-like folds, the tentorium eerebelli and the small diaphragma sellae, lie horizontally. 
B. Venous sinuses of the dura mater and their communications are demonstrated. 
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grooves are formed in the eranial base by the dural venous sinuses (e.g., the sigmoid sinus). The tentorium eerebelli is attaehed along the lengths of the 
transverse and superior petrosal sinuses {dashedline). 


(Figs. 7.30-7.32). The transverse sinnses eonrse along the 
posterolateral attaehed margins of the tentorinm eerebelli and 
then beeome the sigmoid sinnses as they approaeh the poste- 
rior aspeet of the petrons temporal bones. Blood reeeived by 
the eonflnenee of sìnnses is drained by the transverse sinnses, 
bnt rarely equally. IJsnally the left sinns is dominant (larger). 

The sigmoid sinuses follow S-shaped eonrses in the pos- 
terior eranial fossa, forming deep grooves in the temporal and 
oeeipital bones. Eaeh sigmoid sinns tnrns anteriorly and then 
eontinnes inferiorly as the IJV after traversing the jngnlar fora- 
men. The oeeipital sinus lies in the attaehed border of the 
falx eerebelli and ends snperiorly in the eonflnenee of sinnses 
(Fig. 7.29B). The oeeipital sinns eommnnieates inferiorly with 
the ìnternal vertehral venons plexus (Figs. 7.29B and 7.33). 

The cavernous sinus, a large venons plexus, is loeated 
on eaeh side of the sella tnreiea on the npper snrfaee of the 
body of the sphenoid, which eontains the sphenoid (air) sinns 
(Figs. 7.29B and 7.31). The eavernons sinns eonsists of a 
venons plexus of extremely thin-walled veins that extends from 
the snperior orbital flssnre anteriorly to the apex of the petrons 
part of the temporal bone posteriorly. It reeeives blood from 
the snperior and inferior ophthalmie veins, snperfleial middle 
eerebral vein, and sphenoparietal sinns. The venons ehannels 


in these sinnses eommnnieate with eaeh other throngh venons 
ehannels anterior and posterior to the stalk of the pitnitary 
gland—the intercavemous sinuses (Fig. 7.31A & B)—and 
sometimes throngh veins inferior to the pitnitary gland. The 
eavernons sinnses drain postero-inferiorly throngh the snpe- 
rior and inferior petrosal sinnses and emissary veins to the 
hasilar and pterygoìd plexuses (Fig. 7.29B). 

Inside eaeh eavernons sinns is the intemal earotid artery 
with its small branehes, snrronnded by the earotid plexus 
of sympathetie nerve(s), and the abdneent nerve (CN VI) 
(Fig. 7.31C). The oenlomotor (CN III) and troehlear (CN IV) 
nerves, plns two of the three divisions of the trigeminal nerve 
(CN V) are embedded in the lateral wall of the sinns. The 
artery, earrying warm blood from the body s eore, traverses the 
sinns fllled with eooler blood retnrning from the eapillaries of 
the body s periphery, allowing for heat exchange to eonserve 
energy or eool the arterial blood. This does not appear to be 
as important in hnmans as it is in rnnning animals (e.g., horses 
and eheetahs) in which the earotid artery rnns a longer, more 
tortnons eonrse throngh the eavernons sinnses, allowing eool- 
ing of blood before it enters the brain. Pnlsations of the artery 
within the eavernons sinns are said to promote propnlsion of 
venons blood from the sinns, as does gravity (Standring, 2008). 
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FIGURE7.31. Venous sìnuses of dura mater. Blood from 
the brain drains into the sinuses vvithin the dura. A. The brain 
and part of the ealvaria are removed to demonstrate the sinuses 
related to the falx eerebri and tentorium eerebelli. B. This vievv of 
the interior of the base of the cranium demonstrates most eom- 
munications of the cavernous sinuses (the inferior communica- 
tion vvith the pterygoid venous plexus is a notable exception) and 
drainage ofthe confìuence of sinuses. The ophthalmie veins drain 
into the cavernous sinus. C. The orientation and plaeement of this 
seetion ofthe cavernous sinuses and the body ofthe sphenoid 
are indieated in parts A and B. The cavernous sinus is situated 
bilaterally at the lateral aspeet of the hollovv body of the sphenoid 
and the hypophysial fossa. The internal earotid arteries, having 
made acute bends, are cut tvviee. Inferiorly, the cavernous parts of 
the arteries are seetioned as they pass anteriorly along the earotid 
groove tovvard the acute bend of the artery (some radiologists 
refer to the bend as the “earotid siphon”); superiorly, the eerebral 
parts of the arteries are seetioned as they pass posteriorly from the 
bend to join the eerebral arterial eirele. 


The superior petrosal sinases mn from the posterior 
ends of the veins making up the eavernons sinns to the trans- 
verse sinnses at the site where these sinnses enrve inferiorly 
to form the sigmoid sinnses (Fig. 7.32B). Eaeh snperior 
petrosal sinns lies in the anterolateral attaehed margin of the 
tentorinm eerebelli, which attaehes to the snperior border 
(erest) of the petrons part of the temporal bone (Fig. 7.30). 

The inferior petrosal sinnses also eommenee at the poste- 
rior end of the eavernons sinns (Fig. 7.31A & B). Eaeh inferior 
petrosal sinns mns in a groove between the petrons part of the 
temporal bone and the basilar part of the oeeipital bone (Fig. 
7.30). The inferior petrosal sinnses drain the eavemons sinns 
direetly into the transition of the sigmoid sinns to the IJV at the 
jngnlar foramen (Fig. 7.31B). The basilar plexus eonneets the 


inferior petrosal sinnses and eommnnieates inferiorly with the 
ìntemal vertehral venons plexus (Figs. 7.29B and 7.33). 

Emissary veins eonneet the dnral venons sinnses with 
veins ontside the eraninm. Althongh they are valveless and 
blood may flow in both direetions, flow in the emissary veins 
is nsnally away from the brain. The size and nnmber of emis- 
sary veins vary; many small ones are nnnamed. A frontal 
emissary vein is present in ehildren and some adnlts. It 
passes throngh the foramen eeenm of the eraninm, eonneet- 
ing the snperior sagittal sinns with veins of the frontal sinns 
and nasal eavities. A parietal emissary vein, which may be 
paired bilaterally, passes throngh the parietalforamen in the 
ealvaria, eonneeting the snperior sagittal sinns with the veins 
external to it, partienlarly those in the sealp (see Fig. 7.8A & 
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(A) Anteroposterior view (B) Lateral view 

FIGIJRE 7.32. Venograms of dural sinuses. A and B. In these radiographie studies, radiopaque dye injeeted into the arterial system has circulated 
through the eapillaries ofthe brain and eolleeted in the dural venous sinuses. Q confìuence of sinuses; I, internal jugular vein; S, sigmoid sinus; trans- 
verse sinus. In the AP vievv (A), notiee the left-sided dominanee in the drainage of the confìuence of sinuses. (Courtesy of Dr. D. Armstrong, Assoeiate 
Professor of Medieal Imaging, Llniversity ofToronto, Toronto, Ontario, Ganada.) 



e). A mastoid emissary vein passes through the mastoid 
foramen and eonneets eaeh sigmoid sinns with the oeeipital 
or posterior anrienlar vein (Fig. 7.33). A posterior eondy- 
lar emissary vein may also be present, passing through the 
eondylar eanal, eonneeting the sigmoid sinus with the suh- 
oeeipital venons plexus. 


VASCUliATURE OF DURA MATER 

The arteries of the dnra supply more blood to the ealvaria 
than to the dura. The largest of these vessels, the middle 
meningeal artery, is a braneh of the maxillary artery (Fig. 
7.28D). It enters the floor of the middle eranial fossa throngh 
the foramen spinosnm (Fig. 7.30), runs laterally in the fossa. 
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FIGIJRE 7.33. Deep dìsseetìon of suboccìpìtal region. The external vertebral venous system has numerous intercommunications and eonneetions, some 
of vvhieh are shovvn here. Superiorly, the system communicates vvith the veins of the sealp and the intraeranial venous sinuses via the foramen magnum, the 
mastoid foramina, and the eondylar eanals. Anteromedially, it passes between the laminae and through the intervertebral foramina to communicate with the 
internal vertebral venous plexus and veins around the vertebral artery. 
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and tnrns snpero-anteriorly on the greater wing of the sphe- 
noid, where it divides into anterior and posterior branehes 
(Fig. 7.28D). The frontal braneh of the middle menin- 
geal artery rnns snperiorly to the pterion and then enrves 
posteriorly to aseend toward the vertex of the eraninm. The 
parietal braneh of the middle meningeal artery rnns 
posterosnperiorly and ramifies (breaks up into distribnting 
branehes) over the posterior aspeet of the eraninm. Small 
areas of dnra are snpplied by other arteries: meningeal 
branehes of the ophthalmie arteries, branehes of the oeeipital 
arteries, and small branehes of the vertebral arteries. 

The veins of the dnra aeeompany the meningeal arter- 
ies, often in pairs. The middle meningeal veins aeeompany 
the middle meningeal artery, leave the eranial eavity throngh 
the foramen spinosnm or foramen ovale, and drain into the 
pterygoidvenons plexus (Fig. 7.29B). 

NERVE SUPPLY OF DURA MATER 

The dnra on the fioors of the anterior and middle eranial 
fossa and the roof of the posterior eranial fossa is innervated 
by meningeal branehes arising direetly or indireetly from the 
trigeminal nerve (CN V) (Fig. 7.34). There are three divi- 
sions of CN V (CN Vi, CN V^, and CN V3), eaeh of which 
eontribntes a meningeal braneh or branehes. The anterior 
meningeal branehes of the ethmoidal nerves (CN Vi) 
and the meningeal branehes of the maxillary (CN V^) 
and mandibnlar (CN V3) nerves snpply the dnra of the 
anterior eranial fossa. The latter two nerves also snpply the 
dnra of the middle eranial fossa (Fig. 7.34B). The meningeal 
branehes of CN V^ and CN V 3 are distribnted as peri-arterial 
plexuses, aeeompanying the branehes of the middle menin- 
geal artery (Fig. 7.34A, inset). 

The dnra forming the roof of the posterior eranial fossa 
(tentorinm eerebelli) and posterior part of the falx eerebri is 
snpplied by the tentorial nerve (a braneh of the ophthal- 
mie nerve), whereas the anterior falx eerebri is innervated 
by aseending branehes of the anterior meningeal branehes 
(Fig. 7.34A). The dnra of the fioor of the posterior eranial 
fossa reeeives sensory fibers from the spinal ganglia of C2 
and C3 earried by those spinal nerves or by fibers trans- 
ferred to and traveling eentrally with the vagns (CN X) and 
hypoglossal (CN XII) nerves. Sensory endings are more 
nnmerons in the dnra along eaeh side of the snperior sagit- 
tal sinns and in the tentorinm eerebelli than they are in the 
fioor of the eraninm. 

Pain fibers are most nnmerons where arteries and veins 
eonrse in the dnra. Pain arising from the dnra is generally 
referred, pereeived as a headaehe arising in entaneons or 
mneosal regions snpplied by the involved eervieal nerve or 
division of the trigeminal nerve. 

Araehnoid Mater and Pia Mater 

The araehnoid mater and pia mater (or simply araehnoid and 
pia; together the leptomeninges) develop from a single layer 


of mesenehyme snrronnding the embryonie brain, beeom- 
ing the parietal part (araehnoid) and viseeral part (pia) of the 
leptomeninx. (Fig. 7.35). The derivation of the araehnoid-pia 
from a single embryonie layer is indieated in the adnlt by the 
nnmerons web-like araehnoid traheenlae passing between 
the araehnoid and pia, which give the araehnoid its name (G. 
araehne-, spider, cobweb + G. eidos, resemblanee). The tra- 
beenlae are eomposed of fiattened, irregnlarly shaped fibro- 
blasts that bridge the snbaraehnoid spaee (Haines, 2006). 
The araehnoid and pia are in eontinnity immediately proxi- 
mal to the exit of eaeh eranial nerve from the dnra mater. 
The eranial araehnoid mater eontains fibroblasts, eollagen 
fibers, and some elastie fibers. Althongh thin, the araehnoid 
is thiek enongh to be manipnlated with foreeps. The avas- 
enlar araehnoid, althongh elosely applied to the meningeal 
layer of the dnra, is not attaehed to the dnra; it is held against 
the inner snrfaee of the dnra by the pressnre of the CSF in 
the snbaraehnoid spaee. 

The eranial pia mater is an even thinner membrane 
than the araehnoid; it is highly vasenlarized by a network of 
fine blood vessels. The pia is diffienlt to see, bnt it gives the 
snrfaee of the brain a shiny appearanee. The pia adheres to 
the snrfaee of the brain and follows all its eontonrs. When 
the eerebral arteries penetrate the eerebral cortex, the pia 
follows them for a short distanee, forming a pial eoat and a 
peri-arterial spaee (Fig. 7.35). 

Meningeal Spaees 

Of the three meningeal “spaees” eommonly mentioned in 
relation to the eranial meninges, only one exists as a spaee in 
the absenee of pathology: 

• The dura-cranial interfaee (extradural or epidnral 
“spaee”) is not a natnral spaee between the eraninm and 
the external periosteal layer of the dnra beeanse the dnra 
is attaehed to the bones. It beeomes an extradural spaee 
only pathologieally—for example, when blood from torn 
meningeal vessels pnshes the periostenm away from 
the eraninm (Fig. 7.28C). The potential or pathologieal 
eranial epidnral spaee is not eontinnons with the spinal 
epidnral spaee (a natnral spaee oeenpied by epidnral fat 
and a venons plexus) beeanse the former is external to the 
periostenm lining the eraninm, and the latter is internal to 
the periostenm eovering the vertebrae. 

• The dura-araehnoid interfaee or jnnetion (“snbdnral 
spaee”) is likewise not a natnral spaee between the dnra 
and araehnoid. A spaee may develop in the dnral border 
eell layer as the resnlt of tranma, sneh as a hard blow to 
the head (Haines, 1993, 2006). 

• The snharaehnoid spaee, between the araehnoid and pia, 
is a real spaee that eontains CSF, trabeenlar eells, arteries, 
and veins. 

Althongh it is eommonly stated that the brain “fioats” in CSF, 
the brain is snspended in the CSF-filled snbaraehnoid spaee 
by the araehnoid trabeenlae. 
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FIGIJRE 7.34. Innervation of dura mater. A. The right side of the ealvaria and brain is removed, and CN V is disseeted. The meningeal branehes of the 
maxillary (CN V^) and mandibular (CN V3) nerves are distributed to the dura of the lateral part of the anterior and the middle eranial fossae as peri-arterial 
plexuses that aeeompany the branehes ofthe middle meningeal artery along vvith vasomotor sympathetie nerve fibers from the superior eervieal ganglion {jnset') 
B. The internal aspeet of the eranial base shovvs innervation of the dura by branehes of the trigeminal and sensory fibers of eervieal spinal nerves (C2, C3) 
passing direetly from those nerves or via meningeal branehes ofthe vagus (CN X) and hypoglossal (CN XII) nerves. 
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FIGIJRE 7.35. Leptomeninges. The eoronal seetion (above) indieates the site of the tissue bloek (belovv). The subarachnoid spaee separates the two layers 
of the leptomeninges, the araehnoid and pia. CSF pressure keeps the araehnoid apposed to the meningeal layer of dura, and in the region of the superior sagit- 
tal sinus and adjaeent venous lacunae (Fig. 7.28D), araehnoid granulations projeet through the dura into the blood-filled dural venous sinus. 


GRANIAL GAVITY AND MENINGES 
Fracture of Pterion 

F racture of the pterion ean be life threatening beeanse 
it overlies thefrontal hranehes of the mìddle menin- 
geal vessels, which lie in grooves on the internal 


aspeet of the lateral wall of the ealvaria (Fig. 7.30). The pterion 
is two fìngers’ breadth snperior to the zygomatie areh and a 
thnmb’s breadth posterior to the frontal proeess of the zygo- 
matie bone (Fig. B7.16A). A hard blow to the side of the head 
may fraetnre the thin bones forming the pterion (Fig. 7.4A), 
prodneing a rnptnre of the frontal braneh of the middle men- 
ingeal artery or vein erossing the pterion (Fig. B7.16B). The 
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FIGUREB7.16. 
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resulting hematoma exerts pressure on the nnderlying eerebral 
eortex (Fig. 7.19A). An nntreated middle meningeal vessel 
hemorrhage may cause death in a few hours. 


fibroblasts that are separated by large extracellular spaees. This 
layer constitutes a plane of structural weakness at the dura- 
araehnoid junction (Haines, 2006). 


Thrombophlebitis of Faeial Vein 


Tentorial Herniation 



The faeial vein makes elinieally important eonnee- 
tions with the eavernons sinus through the superior 
ophthalmie vein, and the pterygoid venons plexus 
through the inferior ophthalmie and deep faeial veins (Figs. 
7.25 and 7.29B; Table 7.6). Beeanse of these eonneetions, an 
infeetion of the faee may spread to the eavernons sinus and 
pterygoid venons plexus. 

Blood from the medial angle of the eye, nose, and lips usu- 
ally drains inferiorly throngh the faeial vein, espeeially when a 
person is ereet. Beeanse the faeial vein has no valves, blood may 
pass throngh it in the opposite direetion. Consequently, venons 
blood from the faee may enter the eavemons sinus. In individn- 
als with thromhophlehitis ofthefaeial vein —infiammation of the 
faeial vein with seeondary thrombns (elot) formation—pieees of 
an infeeted elot may extend into the intraeranial venons system 
and prodnee thromhophlehitis of the eavemons sinns. 

infeetion of the faeial veins spreading to the dural venous 
sinuses may result from laeerations of the nose or be initiated 
by squeezing pustules (pimples) on the side of the nose and 
upper lip. Consequently, the triangnlar area from the upper 
lip to the bridge of the nose is eonsidered the danger triangle 

ofthefaee (Fig. B7.17). 



FIGITRE B7.17. Danger trìangle of faee. 



The tentorial noteh is the opening in the tentorinm 
eerebelli for the brainstem, which is slightly larger 
than is neeessary to aeeommodate the midbrain 
(Fig. B7.18). Henee, spaee-oeenpying lesions, such as tumors 
in the snpratentorial eompartment, prodnee inereased intra- 
eranial pressnre, and may cause part of the adjaeent temporal 
lobe of the brain to herniate throngh the tentorial noteh. 
Dnring tentorial herniation, the temporal lobe may be laeer- 
ated by the tough tentorium eerebelli, and the oenlomotor 
nerve (CN III) may be stretehed, eompressed, or both. 
Oenlomotor lesions may prodnee paralysis of the extrinsic eye 
mnseles snpplied by CN III. 
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FIGUREB7.18. 


Blunt Trauma to Head 



A blow to the head ean detaeh the periosteal layer of 
dura mater from the ealvaria without fracturing the 
eranial bones. In the eranial base, the two dural layers 
are firmly attaehed and diffienlt to separate from the bones. 
Consequently, a fraetnre of the eranial base usually tears the 
dura and resnlts in leakage of CSF. The innermost part of the 
dura, the dnral horder eell layer, is eomposed of fiattened 


Bulging of Diaphragma Sellae 

Pitnitary tnmors may extend snperiorly throngh the 
apertnre in the diaphragma sellae, or cause it to bulge. 
These tumors often expand the diaphragma sellae, 
prodneing distnrbanees in endoerine fimetion early or late (i.e., 
before or after enlargement of the diaphragma sellae). Snperior 
extension of a tumor may cause visual symptoms owing to 
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pressure on the optie ehiasm, the plaee where the optie nerve 

fibers eross (Fig. 7.37B, p. 880). 


Occlusion of Gerebral Veins 
and Dural Venous Sinuses 

Oeelnsion of eerehral veins and dnral venons sinnses 
may result from thrombi (elots), thrombophlebitis 
(venous infiammation), or tnmors (e.g., meningio- 
mas). The dural venous sinuses most frequently thrombosed 
are the transverse, eavernons, and snperior sagittal sinnses 

(Fishman, 2010b). 

The faeial veins make elinieally important eonneetions 
with the eavernons sinus through the superior ophthal- 
mie veins (Fig. 7.29B). Gavernons sinns thromhosis usu- 
ally results from infeetions in the orbit, nasal sinnses, and 
snperior part of the faee (the danger triangle, Fig. B7.17). 
In persons with thromhophlehitis of thefaeial vein, pieees 
of an infeeted thrombns may extend into the eavernons 
sinus, produeing thromhophlehitis of the eavernons sinns. 
The infeetion usually involves only one sinus initially, but 
it may spread to the opposite side through the intereav- 
ernons sinnses. Thrombophlebitis of the eavernons sinus 
may affeet the abducent nerve as it traverses the sinus (see 
ehapter 9), and may also effeet the nerves embedded within 
the lateral wall of the sinus (Fig. 7.31C). Septie thrombosis 
of the cavernous sinus often resnlts in the development of 
aente meningitis. 



Metastasis of Tumor Cells 
to Dural Venous Sinuses 



The basilar and oeeipital sinnses eommnnieate 
throngh the foramen magnnm with the internal ver- 

tebral venons plexuses (Figs. 7.29B and 7.33). 
Beeanse these venons ehannels are valveless, eompression of 
the thorax, abdomen, or pelvis, as oeenrs dnring heavy cough- 
ing and straining, may foree venons blood from these regions 
into the internal vertebral venons system and from it into the 
dural venous sinuses. As a result, pus in abseesses and tumor 
eells in these regions may spread to the vertebrae and brain. 


Fractures of Granial Base 



In fraetnres of the eranial base, the internal earotid 
artery may be tom, prodneing an arteriovenons fis- 
tula within the eavernons sinus. Arterial blood mshes 
into the eavernons sinus, enlarging it and foreing retrograde 
blood fiow into its venons tribntaries, espeeially the ophthalmie 
veins. As aresnlt, the eyeballprotmdes {exophthalmos) and the 
eonjnnetiva beeomes engorged (ehemosis). The protmding 
eyeball pnlsates in synehrony with the radial pulse, a phenom- 
enon known as pnlsating exophthalmos. Beeanse CN III, CN 
IV, CN Vi, CN V 2 , and CN VI lie in or elose to the lateral wall 
of the eavernons sinus, these nerves may also be affeeted when 
the sinus is injured (Fig. 7.31C). 



Dural Orìgìn of Headaehes 

The dura is sensitive to pain, espeeially where it is 
related to the dural venous sinuses and meningeal 
arteries (Fig. 7.31A). Consequently, pnlling on arter- 
ies at the eranial base or veins near the vertex, where they 
pieree the dura, causes pain. Distension of the sealp or menin- 
geal vessels (or both) is believed to be one cause of headaehe 
(Green, 2010). 

Many headaehes appear to be dural in origin, such as 
the headaehe occurring after a Inmbar spinal puncture 
for removal of CSF (see Ghapter 4). These headaehes are 
thought to result from stimulation of sensory nerve endings 
in the dura. When CSF is removed, the brain sags slightly, 
pnlling on the dura; this may also cause a headaehe. For this 
reason, patients are asked to keep their heads down after a 
Inmbar puncture to minimize the pull on the dura, reducing 
the ehanees of getting a headaehe. 



Leptomeningitis 

Leptomeningitis is an infiammation of the lepto- 
meninges (araehnoid and pia) resnlting from 
pathogenie mieroorganisms. The infeetion and 
infiammation are usually eonfined to the snbaraehnoid spaee 
and the araehnoid-pia (Jnbelt, 2010). The baeteria may enter 
the snbaraehnoid spaee throngh the blood {septieemia, or 
“blood poisoning”), or spread from an infeetion of the heart, 
lungs, or other viseera. Mieroorganisms may also enter the sub- 
araehnoid spaee from a eomponnd eranial fraetnre or a fraetnre 
of the nasal sinnses. Acute purulent meningitis ean resnlt from 
infeetion with almost any pathogenie baeteria (e.g., meningo- 
eoeeal meningitis). 



Head Injuries and intraeranial 
Hemorrhage 

Extradural {epidural) hemorrhage is arterial in ori- 
gin. Blood from tom branehes of a middle meningeal 
artery eolleets between the extemal periosteal layer of 
the dura and the ealvaria. The extravasated blood strips the 
dura from the cranium. Usually this follows a hard blow to the 
head, and forms an extradural {epidural) hematoma 
(Fig. B7.19A & B). Typieally, a brief concussion (loss of eon- 
seionsness) oeenrs, followed by a lucid interval of some hours. 
Later, drowsiness and eoma (profonnd unconsciousness) occur. 
Gompression of the brain oeenrs as the blood mass inereases, 
neeessitating evaenation of the blood and oeelnsion of the 
bleeding vessel(s). 

A dural horder hematoma is eommonly ealled a suhdural 
hematoma (Fig. B7.19B); however, this term is a misnomer 
beeanse there is no natnrally oeenrring spaee at the dura- 
araehnoid jnnetion. Hematomas at this jnnetion are usu- 
ally caused by extravasated blood that splits open the dural 
border eell layer (Haines, 2006). The blood does not eolleet 
within a preexisting spaee, but rather ereates a spaee at the 
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FIGIJRE B7.19. intereranìal hemorrhages. A and B. Extradural (epidural) hemorrhage. C. Dural border (subdural) hematoma. D. Subarachnoid hemorrhage 


dura-arachnoid junction (Haines, 2006). Dural horderhem- 
orrhage usually follovvs a hard blow to the head that jerks 
the brain inside the cranium and injnres it. The preeipitating 
tranma may be trivial or forgotten. Dural border hemorrhage 
is typieally venons in origin and eommonly resnlts from tear- 
ing a snperior eerebral vein as it enters the snperior sagittal 

sinus (Fig. 7.29B) (Haines et al., 1993). 

Snharaehnoid hemorrhage is an extravasation of blood, 
usually arterial, into the snbaraehnoid spaee (Fig. B7.19C). 


The Bottom Lìne 


GRANIAL MENINGES 

The eranial meninges eonsist of three intraeranial layers: a 
substantial, fibrous bilaminar outer layer—the dura—and 
two continuous, delieate, membranous inner layers—the 
araehnoid and pia. 

Dura mater: The outer (periosteal) lamina of the dura 
is continuous with the periosteum on the external surface 
of the cranium, and is intimately applied to the internal sur- 
faee of the eranial eavity. ♦ The inner (meningeal) lamina is 
a sustentacular (supporting) layer that more elosely refleets 


Most subarachnoid hemorrhages resnlt from rupture of a 
saecular aneurysm (sae-like dilation on the side of an artery), 
sneh as an anenrysm of the internal earotid artery (see the 
blue box “Strokes,” p. 887). 

Some snbaraehnoid hemorrhages are assoeiated with 
head tranma involving eranial fraetnres and eerebral laeera- 
tions. Bleeding into the snbaraehnoid spaee resnlts in men- 
ingeal irritation, severe headaehe, stiff neek, and often loss 
of eonseionsness. 


the contours of the brain. ♦ This inner layer separates from 
the outer layer in eertain loeations to form dural folds or 
refleetions that penetrate the large fissures between parts of 
the brain, partially subdividing the eranial eavity into smaller 
eompartments that prevent inertial brain movement. ♦ In 
separating from the periosteal lamina, intralaminar spaees are 
ereated that aeeommodate the dural venous sinuses, which 
reeeive the venous drainage of the brain and mainly drain, in 
turn, to the internal jugular vein. 
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Leptonnenìnx: The araehnoid and pia are continuous 
parietal and viseeral layers, respeetively, of the leptomeninx 
that surround the CSF-filled subarachnoid spaee. ♦ The 
araehnoid and pia are eonneeted by fine trabeculae that 
traverse the subarachnoid spaee. ♦ The subarachnoid spaee 
of the eranial eavity is continuous with that of the vertebral 
eanal. ♦ The araehnoid is normally applied to the internal 
surface of the dura by CSF pressure. ♦ The pia intimately 


invests the neural tissue and its surface vasculature, cours- 
ing deeply along the vessels as they enter or exit the eentral 
nervous system. 

Neurovasculature of menìnges: The eranial meninges 
reeeive blood primarily from the middle meningeal branehes of 
the maxillary arteries. ♦ The dura reeeives sensory innervation 
from meningeal branehes of all three divisions of the trigeminal 
nerve and fibers from the C2 spinal ganglion. 


BRAIN 

Because the brain is usually studied in detail in a sepa- 
rate nenroanatomy eonrse 
snperfìeial snrvey of its gross structure in the typieal anat- 
omy eonrse, with attention primarily eoneerned with the 
relationship between the brain and its environment—that 
is, its meningeal eoverings, the CSF-fìlled snbaraehnoid 
spaee, and internal featnres of its bony eneasement (the 
neurocranium). 

Because of their role in the prodnetion of CSF (eerebrospi- 
nal fìuid), the ventrieles of the brain and the CSF-producing 
ehoroid plexuses found there are also eovered. Fnrthermore, 
11 of 12 eranial nerves arise from the brain (see Chapter 9). 


, the brain is eovered by only a 


Parts of Brain 

The brain (eontained by the neurocranium) is eomposed 
of the cerebrum, cerebellum, and brainstem (Fig. 7.36). 
When the ealvaria and dura are removed, gyri (folds), snlei 
(grooves), and fissnres (elefts) of the eerebral cortex are vis- 
ible throngh the delieate araehnoid-pia layer. Whereas the 
gyri and sulci demonstrate much variation, the other featnres 
of the brain, inelnding overall brain size, are remarkably eon- 
sistent from individnal to individnal. 

• The eerebrnm (L. hrain) inelndes the eerebral hemi- 
spheres and basal ganglia. The eerebral bemispheres, 
separated by the falx eerebri within the longitndinal 
eerebral fissnre, are the dominant featnres of the brain 
(Fig. 7.36A-C). Eaeh eerebral hemisphere is divided 
for deseriptive pnrposes into four lobes, eaeh of which 
is related to, but the boundaries of which do not eorre- 
spond to, the overlying bones of the same name. From 
a snperior view, the eerebrnm is essentially divided into 
quarters by the median longitndinal eerebral fìssnre and 
the eoronal eentral snlens. The eentral sulcus separates 
the frontal lobes (anteriorly) from the parietal lobes 
(posteriorly). In a lateral view, these lobes lie snperior to 
the transverse lateral snlens and the temporal lobe infe- 
rior to it. The posteriorly plaeed oeeipital lobes are sepa- 
rated from the parietal and temporal lobes by the plane of 
the parieto-oeeipital snlens, visible on the medial sur- 
faee of the cerebrum in a hemiseeted brain (Fig. 7.36C). 


The anteriormost points of the anteriorly projeeting fron- 
tal and temporal lobes are the frontal and temporal 
poles. The posteriormost point of the posteriorly projeet- 
ing oeeipital lobe is the oeeipital pole. The hemispheres 
oeenpy the entire snpratentorial eranial eavity (Fig. 7.3lA 
& B). The frontal lobes oeenpy the anterior eranial fossae, 
the temporal lobes oeenpy the lateral parts of the middle 
eranial fossae, and the oeeipital lobes extend posteriorly 
over the tentorinm eerebelli. 

• The dieneephalon is eomposed of the epithalamns, dor- 
sal thalamns, and hypothalamns and forms the eentral 
eore of the brain (Fig. 7.36D). 

• The midbrain, the rostral part of the brainstem, lies at 
the jnnetion of the middle and posterior eranial fossae. 
CN III and IV are assoeiated with the midbrain. 

• The pons is the part of the brainstem between the mid- 
brain rostrally and the mednlla oblongata eandally; it lies 
in the anterior part of the posterior eranial fossa. CN V is 
assoeiated with the pons (Fig. 7.36A, C & D). 

• The mednlla oblongata (mednlla) is the most eandal 
snbdivision of the brainstem that is continuous with the 
spinal eord; it lies in the posterior eranial fossa. CN IX, 
X, and XII are assoeiated with the mednlla, whereas CN 
VI-VIII are assoeiated with the jnnetion of pons and 
mednlla. 

• The eerebellnm is the large brain mass lying posterior to 
the pons and mednlla and inferior to the posterior part of 
the eerebrnm. It lies beneath the tentorinm eerebelli in the 
posterior eranial fossa. It eonsists of two lateral hemispheres 
that are nnited by a narrow middle part, the vermis. 

Ventrìcular System of Brain 

The ventrienlar system of the brain eonsists of two lateral 
ventrieles and the midline 3rd and 4th ventrieles eonneeted 
by the eerebral aqueduct (Figs. 7.37 and 7.38). CSF, largely 
seereted by the ehoroid plexuses of the ventrieles, fìlls these 
brain eavities and the snbaraehnoid spaee of the brain and 
spinal eord. 

VENTRIGLES OF BRAIN 

The lateral ventrieles, the Ist and 2nd ventrieles, are the 
largest eavities of the ventrienlar system and oeenpy large 
areas of the eerebral hemispheres. Eaeh lateral ventriele 
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(A) Right lateral view of right brain 
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(C) Medial view of left side of brain 
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FIGIJRE 7.36. Structure of brain. A. The eerebral surface features the gyri (folds) and sulci (grooves) of the eerebral cortex. B. The lobes ofthe cerebrum 
are eolor eoded. VVhereas distinet eentral and lateral sulci demareate the frontal lobe and anterior boundaries of the parietal and temporal lobes of the 
cerebrum, the demareation of the posterior boundaries of the latter and the oeeipital lobe is less distinet externally. C. The medial surface of the cerebrum 
and deeper parts ofthe brain (dieneephalon and brainstem) are shovvn after biseetion ofthe brain. The parieto-oeeipital sulcus demareating the parietal and 
oeeipital lobes is seen on the medial aspeet of the cerebrum. D. The parts of the brainstem are identified. 


opens throngh an interventricular foramen into the 3rd 
ventriele. The 3rd ventriele, a slit-like eavity betvveen the 
right and the left halves of the dieneephalon, is eontinnons 
postero-inferiorly with the eerebral aqueduct, a narrow 
ehannel in the midbrain eonneeting the 3rd and 4th ventri- 

eles (Figs. 7.36C and 7.37B). 


The pyramid-shaped 4th ventriele in the posterior part 
of the pons and mednlla extends inferoposteriorly. Inferiorly, 
it tapers to a narrow ehannel that eontinnes into the eervieal 
region of the spinal eord as the eentral eanal (Fig. 7.37A). 
eSF drains into the snbaraehnoid spaee from the 4th ven- 
triele throngh a single median apertnre and paired lateral 
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FIGIJRE 7.37. Ventrieles, subarach- 
noid spaees, and eisterns. A. The 

ventricular system and circulation of 
the eSF are shovvn. The production of 
eSF is mainly by the ehoroid plexuses 
of the lateral, 3rd, and 4th ventrieles. 
The plexuses of the lateral ventrieles 
are the largest and most important. 
B. Subarachnoid eisterns, expanded 
regions of the subarachnoid spaee, 
eontain more substantial amounts 
ofeSF. 


apertures. These apertures are the only means by which 
eSF enters the subarachnoid spaee. If they are bloeked, CSF 
accumulates and the ventrieles distend, prodneing eompres- 
sion of the snbstanee of the eerebral hemispheres. 

SUBARACHNOID dSTERNS 

Althongh it is not aeenrate to say that the brain “floats” in the 
eSF, the brain aetnally has minimal attaehment to the neuro- 
eraninm. At eertain areas on the base of the brain, the araeh- 
noid and pia are widely separated by snbaraehnoid eisterns 
(Fig. 7.37B), which eontain CSF, and soft tissue structures 


that “anehor” the brain, such as the araehnoid trabeenlae, 
vasculature, and in some eases, eranial nerve roots. The eis- 
terns are usually named aeeording to the structures related 
to them. 

Major intraeranial snbaraehnoid eisterns inelnde the: 

• Cerebellomedullary eistern; the largest of the sub- 
araehnoid eisterns, loeated between the eerebellnm and 
the mednlla; reeeives CSF from the apertnres of the 
4th ventriele. It is divided into the posterior eerebel- 
lomedullary eistern (eisterna magna) and the lateral 
eerebellomednllary eistern. 
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FIGITRE 7.38. Transverse MRI of brain. CSF surrounding the brain, 
extending into the sulci and fissures, and occupying the ventrieles, appears 
bright vvhite. 


• Pontoeerebellar eistern (pontine eistern): an extensive 
spaee ventral to the pons, eontinnons inferiorly with the 
spinal snbaraehnoid spaee. 

• interpednnenlar eistern (basal eistern): loeated in the 
interpednnenlar fossa between the eerebral pednneles of 
the midbrain. 

• ehiasmatie eistern (eistern of optie ehiasma): inferior 
and anterior to the optie ehiasm, the point of erossing or 
deenssation of optie nerve fìbers. 

• Quadrigeminal eistern (eistern of great eerebral vein): 
loeated between the posterior part of the eorpns eallosnm 
and the snperior snrfaee of the eerebellnm; eontains parts 
of the great eerebral vein. 

• eisterna ambiens (ambient eistern): loeated on the lat- 
eral aspeet of the midbrain and eontinnons posteriorly 
with the quadrigeminal eistern (not illnstrated). 

SEGRETION OF GEREBROSPINAL FLUID 

Gerebrospinal fìnid (CSF) is seereted (at the rate of 400- 
500 mL/day) mainly by ehoroidal epithelial eells (modifìed 
ependymal eells) of the ehoroid plexuses in the lateral, 

3rd, and 4th ventrieles (Figs. 7.36C, 7.37, and 7.38). The 

ehoroid plexuses eonsist of fringes of vasenlar pia mater 
(tela ehoroidea) eovered by enboidal epithelial eells. They 
are invaginated into the roofs of the 3rd and 4th ventrieles 
and on the fìoors of the bodies and inferior horns of the 
lateral ventrieles. 

CIRCULATION OF OEREBROSPINAL FLUID 

eSF leaves the lateral ventrieles throngh the interventrien- 
larforamina and enters the 3rd ventriele (Fig. 7.37A). From 


here, CSF passes throngh the eerehral aqueduet into the 4th 
ventriele. Some CSF leaves this ventriele throngh its median 
and lateral apertnres and enters the snharaehnoid spaee, 
whieh is eontinnons aronnd the spinal eord and posterosn- 
periorly over the eerebellnm. However, most CSF fìows into 
the interpednnenlar and quadrigeminal eisterns. CSF from 
the varions snbaraehnoid eisterns fìows snperiorly throngh 
the snlei and fìssnres on the medial and snperolateral snr- 
faees of the eerebral hemispheres. CSF also passes into the 
extensions of the snbaraehnoid spaee aronnd the eranial 
nerves, the most important of which are the snbaraehnoid 
spaee extensions snrronnding the optie nerves (CN II). 

ABSORPTION OF OEREBROSPINAL FLUID 

The main site of CSF absorption into the venons system 
is throngh the araehnoid granulations (Figs. 7.35 and 
7.37A), espeeially those that protrnde into the snperior 
sagittal sinns and its lateral laennae (Fig. 7.28D). The snb- 
araehnoid spaee eontaining CSF extends into the eores of 
the araehnoid grannlations. CSF enters the venons system 
throngh two rontes: (1) most CSF enters the venons system 
by transport throngh the eells of the araehnoid grannlations 
into the dnral venons sinnses, and (2) some CSF moves 
between the eells making up the araehnoid grannlations 
(Corbett et al., 2006). 

FUNCTIONS OF OEREBROSPINAL FLUID 

Along with the meninges and ealvaria, CSF proteets the brain 
by providing a enshion against blows to the head. The CSF in 
the snbaraehnoid spaee provides the bnoyaney that prevents 
the weight of the brain from eompressing the eranial nerve 
roots and blood vessels against the internal snrfaee of the era- 
ninm. Beeanse the brain is slightly heavier than the CSF, the 
gyri on the basal snrfaee of the brain (Fig. 7.42) are in eontaet 
with the fìoor of the eranial eavity when a person is standing 
ereet. In many plaees at the base of the brain, only the eranial 
meninges intervene between the brain and eranial bones. In 
the ereet position, the CSF is in the snbaraehnoid eisterns 
and snlei on the snperior and lateral parts of the brain; there- 
fore, eSF and dnra normally separate the snperior part of the 
brain from the ealvaria (Fig. 7.37A). 

Small, rapidly reenrring ehanges take plaee in intraera- 
nial pressnre owing to the beating heart; slow reenrring 
ehanges resnlt from unknown eanses. Momentarily large 
ehanges in pressnre oeenr dnring eonghing and straining and 
dnring ehanges in position (ereet vs. snpine). Any ehange in 
the volnme of the intraeranial eontents (e.g., a brain tnmor, 
an aeenmnlation of ventrienlar fìnid eansed by bloekage of 
the eerebral aqueduct (see Fig. B7.20B), or blood from a 
rnptnred anenrysm) will be refìeeted by a ehange in intra- 
eranial pressnre. This rnle is ealled the Monro-Kellie doe- 
trine, which states that the eranial eavity is a elosed rigid box 
and that a ehange in the quantity of intraeranial blood ean 
oeenr only throngh the displaeement or replaeement of CSF. 
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Arterial Blood Supply to Brain 

Although it accounts for only about 2.5% of body weight, 
the brain reeeives about one sixth of the eardiae output 
and one fifth of the oxygen eonsnmed by the body at rest. 
The hlood snpply to the hrain is derived from the inter- 
nal earotid and vertebral arteries (Fig. 7.39), the terminal 
branehes of which lie in the snbaraehnoid spaee. Venons 
draìnage from the hrain oeenrs via eerebral and eerebel- 
lar veins that drain to the adjaeent dural venous sinuses 
(Fig. 7.29A&B). See also Venous Drainage ofBrain onp. 883. 

INTERNAL GAROTID ARTERIES 

The internal earotid arteries arise in the neek from the 
eommon earotid arteries (Fig. 7.39). The eervieal part of eaeh 
artery aseends vertieally throngh the neek, without braneh- 
ing, to the eranial base. Eaeh internal earotid artery enters the 
eranial eavity throngh the earotid eanal in the petrons part 
of the temporal bone. The intraeranial eonrse of the inter- 
nal earotid artery is illnstrated and deseribed in Fignre 7.40 
and demonstrated radiographieally in Fignre 7.41. In 
addition to the earotid arteries, the earotid eanals eontain 
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FIGIJRE 7.39. Arterial supply to brain.The bilaterally paired internal 
earotid and vertebral arteries deliver an abundant supply ofoxygen-rich blood. 


venous plexuses and earotid plexuses of sympathetie nerves 
(Fig. 7.40). The internal earotid arteries eonrse anteriorly 
throngh the eavernons sinnses, with the abdneent nerves 
(CN VI) and in elose proximity to the oenlomotor (CN 
III) and troehlear (CN IV) nerves, rnnning in the earotid 
groove on the side of the body of the sphenoid (Figs. 7.31C 
and 7.40). The terminal branehes of the internal earotid 
arteries are the anterior and middle eerebral arteries 

(Figs. 7.41 and 7.42). 

elinieally, the internal earotid arteries and their 
branehes are often referred to as the anterior eirenlation 
of the hrain. The anterior eerebral arteries are eonneeted 
by the anterior eommnnieating artery. Near their ter- 
mination, the internal earotid arteries are joined to the 
posterior eerebral arteries by the posterior eommnni- 
eating arteries, eompleting the eerehral arterial eirele 
aronnd the interpeduneular fossa, the deep depression on 
the inferior snrfaee of the midbrain between the eerebral 

pednneles (Figs. 7.42 and 7.43). 

VERTEBRAL ARTERIES 

The vertebral arteries begin in the root of the neek 
(the prevertebral parts of the vertebral arteries) as the 
first branehes of the first part of the snbelavian arteries 
(Fig. 7.39). The two vertebral arteries are usually unequal 
in size, the left being larger than the right. The eervi- 
eal parts of the vertebral arteries aseend throngh the 
transverse foramina of the first six eervieal vertebrae. The 
atlantie parts of the vertebral arteries (parts related to 
the atlas, vertebra Cl) perforate the dura and araehnoid 
and pass throngh the foramen magnnm. The intraeranial 
parts of the vertebral arteries unite at the eandal border 
of the pons to form the hasilar artery (Figs. 7.29A, 7.39, 
7.42 and 7.43C). The vertebrobasilar arterial system and 
its branehes are often referred to elinieally as the posterior 
eirenlation of the hrain. 

The basilar artery, so-named beeanse of its elose rela- 
tionship to the eranial hase, aseends the clivus, the sloping 
snrfaee from the dorsnm sellae to the foramen magnnm, 
throngh the pontoeerebellar eistern to the snperior border 
of the pons. It ends by dividing into the two posterior eere- 
bral arteries. 

GEREBRAL ARTERIES 

In addition to snpplying branehes to deeper parts of the 
brain, the eortieal branehes of eaeh eerebral artery snpply a 
snrfaee and a pole of the eerebrnm (Figs. 7.41 and 7.43A & B; 
Table 7.7). The eortieal branehes of the: 

• Anterior eerebral artery snpply most of the medial and 
snperior snrfaees of the brain and thefrontal pole. 

• Middle eerebral artery snpply the lateral snrfaee of the 
brain and the temporal pole. 

• Posterior eerebral artery snpply the inferior snrfaee of 
the brain and the oeeipital pole. 
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FIGIJRE 7.40. Course of internal earotid artery. The orientation drawing (left) indieates the plane ofthe eoronal seetion that interseets the earotid eanal 
(right). The eervieal part of the internal earotid artery aseends vertieally in the neek to the entranee of the earotid eanal in the petrous temporal bone. The 
petrous part of the artery turns horizontally and medially in the earotid eanal, toward the apex of the petrous temporal bone. It emerges from the eanal 
superior to the foramen lacerum, elosed in life by eartilage, and enters the eranial eavity. The artery runs anteriorly aeross the eartilage; then the cavernous 
part of the artery runs along the earotid grooves on the lateral side of the body of the sphenoid, traversing the cavernous sinus. Inferior to the anterior elinoid 
proeess, the artery makes a 180° turn, its eerebral part heading posteriorly to join the eerebral arterial eirele (Figs. 7.42 and 7.43C). 


GEREBRAL ARTERIAL CIRCLE 

The eerebral arterial eirele (of Willis) is a roughly pentagon- 
shaped eirele of vessels on the ventral snrfaee of the brain. It 
is an important anastomosis at the base of the brain betvveen 
four arteries (two vertebral and two internal earotid arter- 
ies) that snpply the brain (Figs. 7.42 and 7.43C; Table 7.7). 
The arterial eirele is formed sequentially in an anterior to 
posterior direetion by the: 

• Anterior eommnnieating artery. 

• Anterior eerebral arteries. 

• Internal earotid arteries. 

• Posterior eommnnieating arteries. 

• Posterior eerebral arteries. 

The varions eomponents of the eerebral arterial eirele give 
numerous small branehes to the brain. 


Venous Drainage of Brain 

The thin-walled, valveless veins draining the brain pieree the 
araehnoid and meningeal layers of dura to end in the near- 
est dural venous sinuses (Figs. 7.28A and 7.29-7.32), whieh 
nltimately drain for the most part into the IJVs. The supe- 
rior eerebral veins on the snperolateral snrfaee of the brain 
drain into the snperior sagittal sinus; inferior and snperfieial 
middle eerebral veins from the inferior, postero-inferior, 
and deep aspeets of the eerebral hemispheres drain into the 
straight, transverse, and snperior petrosal sinnses. The great 
eerebral vein (of Galen) is a single, midline vein formed inside 
the brain by the union of two internal eerebral veins; it ends by 
merging with the inferior sagittal sinus to form the straight sinus 
(Fig. 7.29). The eerebellum is drained by snperior and infe- 
rior eerebellar veins, draining the respeetive aspeet of the 
eerebellnm into the transverse and sigmoid sinnses (Fig. 7.32). 
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(A) Anteroposterior view 



(B) Laterai view 


FIGIJRE 7.41. Garotid arteriograms. A and B. Radiopaque dye injeeted into the earotid arterial system demonstrates unilateral distribution to the brain 
from the internal earotid artery. A, anterior eerebral artery and its branehes; \, the four parts of the internal earotid artery; M, middle eerebral artery and its 
branehes; O, ophthalmie artery. (Courtesy of Dr. D. Armstrong, Assoeiate Professor of Medieal Imaging, LJniversity ofToronto, Ontario, Ganada.) 
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FIGIJRE 7.42. Base of brain with eerebral arterial eirele. The internal earotid and basilar arteries eonverge, divide, and anastomose to form the eerebral 
arterial eirele (ofVVillis). The left temporal pole is removed to show the middle eerebral artery in the lateral sulcus ofthe brain. The frontal lobes are sepa- 
rated to expose the anterior eerebral arteries. 
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FIGIJRE 7.43. Arterial blood supply of cerebrum. 


TABLE 7.7. ARTERIAL BLOOD SUPPLY OF GEREBRAL HEMISPHERES 


Artery 

Origin 

Distribution 

Internal earotid: 

eommon earotid artery atsuperior border of 
thyroid eartilage 

Gives branehes to walls of cavernous sinus, pituitary gland, 
and trigeminal ganglion; provides primary supply to brain 

Anterior eerebral 

Internal earotid artery 

Gerebral hemispheres, exceptfor oeeipital lobes 

Anterior communicating 

Anterior eerebral artery 

Gerebral arterial eirele (of VVillis) 

Middle eerebral 

Continuation of internal earotid artery distal 
to anterior eerebral artery 

Mostof lateral surface of eerebral hemispheres 

Vertebral: 

Subclavian artery 

Granial meninges and cerebellum 

Basilar 

Formed by union of vertebral arteries 

Brainstem, cerebellum, and cerebrum 

Posterior eerebral 

Terminal braneh of basilar artery 

Inferior aspeetof eerebral hemisphere and oeeipital lobe 

Posterior communicating 

Posterior eerebral artery 

Optie traet, eerebral peduncle, internal capsule, and thalamus 


BRAIN 


Gerebral lnjuries 



Gerehral eonenssion is an abrnpt, brief loss of eon- 
seionsness immediately after a severe head injnry. 
Gonseionsness may be lost for only a few seeonds, as 


oeenrs in most knockdowns dnring boxing. With a more severe 
injnry, sneh as that resnlting from an antomobile aeeident, eon- 
seionsness may be lost for honrs and even days. If a person 
reeovers eonseionsness within 6 hr, the long-term onteome is 
excellent (Rowland, 2010). If the eoma lasts longer than 6 hr, 
brain tissne injnry nsnally oeenrs. 
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Professional boxers are espeeially at risk for ehronie tranmatie 
eneephalopathy, or “pnnehdrank syndrome" a brain injnry 
eharaeterized by weakness in the lower limbs, nnsteady gait, 
slowness of mnsenlar movements, tremors of the hands, hesi- 
taney of speeeh, and slow eerebration (nse of one’s brain). Brain 
injnries resnlt from aeeeleration and deeeleration of the head 
that shears or stretehes axons {dijfnse axonal injnry). The sndden 
stopping of the moving head resnlts in the brain hitting the snd- 
denly stationary eraninm. Sometimes eonenssion oeenrs without 
loss of eonseionsness. The absenee of loss of eonseionsness does 
not mean that the eonenssion is any less serions. Over 90% of 
head injnries are referred to as minor tranmatie brain injnries. 

Oerehral eontnsion resnlts from brain tranma in which 
the pia is stripped from the injnred snrfaee of the brain and 
may be torn, allowing blood to enter the snbaraehnoid spaee. 
The brnising resnlts either from the sndden impaet of the 
still-moving brain against the snddenly stationary eraninm, or 
from the snddenly moving eraninm against the still-stationary 
brain. Gerebral eontnsion may resnlt in an extended loss of 
eonseionsness, bnt if there is no diffnse axonal injnry, brain 
swelling, or seeondary hemorrhage, reeovery from a eontn- 
sion may be excellent (Rowland, 2010). 

Oerehral laeerations are often assoeiated with depressed 
eranial fraetnres (Fig. B7.4, p. 838) or gnnshot wounds. Lae- 
erations resnlt in rnptnre of blood vessels and bleeding into 
the brain and snbaraehnoid spaee, eansing inereased intra- 
eranial pressnre and eerebral eompression. 

Oerehral eompression may be prodneed by: 

• intraeranial eolleetions of blood. 

• Obstrnetion of CSF eirenlation or absorption. 

• intraeranial tnmors or abseesses. 

• Brain swelling eansed by hrain edema, an inerease in brain 
volnme resnlting from an inerease in water and sodinm 
eontent (Fishman, 2010a). 



eìsternal Pnnetnre 

eSF may be obtained from the posterior eerebel- 
lomednllary eistern throngh a eisternal pnnetnre 
for diagnostie or therapentie pnrposes. The eere- 
bellomednllary eistern is the site of ehoiee in infants and 
yonng ehildren; the Inmbar eistern is nsed most frequently in 
adnlts (see Ghapter 4, Fig. B4.18). The needle is earefnlly 
inserted throngh the posterior atlanto-oeeipital membrane 
into the eistern. The snbaraehnoid spaee or the ventrienlar 
system may also be entered for measnring or monitoring 
eSF pressnre, injeeting antibioties, or administering eontrast 
media for medieal imaging. 



Hydrocephalus 

Overprodnetion of CSF, obstmetion of CSF flow, or 
interferenee with CSF absorption resnlts in excess 
flnid in the eerebral ventrieles and enlargement 
of the head, a eondition ealled ohstmetive hydroeephalns (Fig. 
B7.20A). The excess CSF dilates the ventrieles, thins the eere- 
bral cortex, and separates the bones of the ealvaria in infants. 
Althongh an obstmetion ean oeenr any plaee, the bloekage nsn- 
aHy oeenrs in the eerebral aqueduct (Fig. B7.20B) or an interven- 
trienlar foramen. Aqueductal stenosis (narrow aqueduct) may be 
eansed by a nearby tnmor in the midbrain or by eellnlar debris 
following intraventrienlar hemorrhage or baeterial and fnngal 
infeetions of the eentral nervons system (Corbett et al., 2006). 

Bloekage of CSF eirenlation resnlts in dilation of the ven- 
trieles snperior to the point of obstrnetion and inereased 
pressnre on the eerebral hemispheres. This eondition 
squeezes the brain between the ventrienlar flnid and the 
ealvarial bones. In infants, the internal pressnre resnlts in 
expansion of the brain and ealvaria beeanse the sntnres and 
fontanelles are still open. It is possible to prodnee an artifleial 
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FIGITRE B7.20. Hydrocephalus (A) and aqueductal stenosis (B). 
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drainage system to bypass the bloekage and allow CSF to 
eseape, thereby lessening damage to the brain. 

In eomnmnieating hydroeephalns, the flow of CSF throngh 
the ventrieles and into the snbaraehnoid spaee is not impaired; 
however, movement of CSF from this spaee into the venons 
system is partly or eompletely bloeked. The bloekage may be 
eansed by the eongenital absenee of araehnoid grannlations, 
or the grannlations may be bloeked by red blood eells as the 
resnlt of a snbaraehnoid hemorrhage (Corbett et al., 2006). 



Leakage of Cerebrospinal Flnid 

Fraetnres in the floor of the middle eranial fossa may 
resnlt in CSF leakage from the external aeonstie 
meatns {CSF otorrhea) if the meninges snperior to the 
middle ear are torn and the tympanie membrane is mptnred. 
F raetnres in the floor of the anterior eranial fossa may involve the 
eribriform plate of the ethmoid (see Fig. 7.12A), resnlting in 
eSF leakage throngh the nose (CSF rhinorrhea). CSF ean be 
distingmshed from mnens by testing its glneose level; the glneose 
level of the CSF refleets that of the blood. CSF otorrhea and 
rhinorrhea may be the primary indieations of a eranial base frae- 
tnre and inereased risk of meningitis beeanse an infeetion eonld 
spread to the meninges from the ear or nose (Rowland, 2010). 


Anastomoses of Gerebral Arteries 
and Gerebral Embolìsm 



Branehes of the three eerebral arteries anastomose 
with eaeh other on the snrfaee of the brain; how- 
ever, if a eerebral artery is obstrneted by a eerehral 
emholism (e.g., a blood elot), these mieroseopie anastomoses 
are not eapable of providing enongh blood for the area of 
eerebral eortex eoneerned. Consequently, eerehral isehemia 
and infaretion oeenr and an area of neerosis resnlts. Large 
eerebral emboli oeelnding major eerebral vessels may eanse 
severe nenrologie problems and death. 


Variatìons of Gerebral Arterial Girele 



Variations in the size of the vessels forming the eere- 
bral arterial eirele are eommon. The posterior eom- 
mnnieating arteries are absent in some individnals; 
in others there may be two anterior eommnnieating arteries. 
In approximately 1 in 3 persons, one posterior eerebral artery 
is a major braneh of the internal earotid artery. One of the 
anterior eerebral arteries is often small in the proximal part 
of its eonrse; the anterior eommnnieating artery is larger than 
nsnal in these individnals. These variations may beeome elin- 
ieally signifleant if emboli or arterial disease oeenr. 


Strokes 



An isehemie stroke denotes the sndden development 
of foeal nenrologieal defleits that are nsnally related to 
impaired eerehral hloodfloto. An isehemie stroke is 


generally eansed by an embolism in a major eerebral artery. 
Strokes are the most eommon nenrologie disorders affeeting 
adnlts in the United States (Elkind, 2010); they are more often 
disabling than fatal. The eardinal featnre of a stroke is the snd- 
den onset of nenrologieal symptoms. 

The eerebral arterial eirele is an important means of 
eollateral eirenlation in the event of gradnal obstrnetion of 
one of the major arteries forming the eirele. Sndden oeeln- 
sion, even if only partial, resnlts in nenrologieal defleits. 
In elderly persons, the anastomoses of the arterial eirele 
are often inadequate when a large artery (e.g., the inter- 
nal earotid) is oeelnded, even if the oeelnsion is gradnal (in 
which ease fnnetion is impaired at least to some degree). 
The most eommon eanses of strokes are spontaneons eere- 
hrovasenlar aeeidents, sneh as eerebral thrombosis, eere- 
bral hemorrhage, eerebral embolism, and snbaraehnoid 
hemorrhage (Rowland, 2010). 

Hemorrhagie stroke follows the rnptnre of an artery or a 
saeenlar anenrysm, a sae-like dilation on a weak part of the 
arterial wall (Fig. B7.21A). The most eommon type of sae- 
enlar anenrysm is a herry anenrysm, oeenrring in the vessels 
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of or near the eerebral arterial eirele and the medinm arter- 
ies at the base of the brain (Fig. B7.21B). Anenrysms also 
oeenr at the bifnreation of the basilar artery into the posterior 
eerebral arteries. 

In time, espeeially in individnals with hypertension (high 
blood pressnre), the weak part of the wall of the anenrysm 
expands and may rnptnre (Fig. B7.21C), allowing blood to 
enter the snbaraehnoid spaee. Sndden rnptnre of an aneu- 
rysm nsnally prodnees a severe, almost nnbearable headaehe 
and a stiff neek. These symptoms resnlt from gross bleeding 
into the snbaraehnoid spaee. 


Brain infaretion 



An atheromatons plaque at a bend of an artery (e.g., 
at the bifnreation of a eommon earotid artery) resnlts 
in progressive narrowing {stenosis ) of the artery, pro- 
dneing inereasingly severe nenrologie defieits (Fig. B7.22). An 
emholns separates from the plaque and is earried in the blood 
nntil it lodges in an artery, nsnally an intraeranial braneh that is 
too small to allow its passage. This event nsnally resnlts in acute 
eortieal infaretion, a sndden insnffieieney of arterial blood to 
the brain (e.g., of the left parietal lobes). An interrnption of 
blood snpply for 30 see alters a person’s brain metabolism. 
After 1-2 min, nenral fnnetion may be lost; after 5 min, laek of 
oxygen {anoxia) ean resnlt in eerebral infaretion. Quiekly 
restoring oxygen to the blood snpply may reverse the brain 

damage (Elkind, 2010). 
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FIGUREB7.22. 



Transient isehemìe Attaeks 

Transient isehemie attaeks (TIAs) refer to nenrologie 
symptoms resnlting from isehemia. Most TIAs last 
only a few minntes, bnt some persist for up to an honr. 
With major earotid or vertehrohasilar stenosis, the TIA tends 
to last longer and eanses distal elosnre of intraeranial vessels. 
The symptoms of TIA may be ambignons: staggering, dizzi- 
ness, light-headedness, fainting, and paresthesias. Persons 
with TIAs are at inereased risk for myoeardial infaretion and 
isehemie stroke (Brnst, 2010). 


The Bottom Lìne 


BRAIN 

Parts of braìn: The two hemispheres ofthe eerebral cortex, 
separated by the falx eerebri, are the dominant features of the 
human brain. ♦ Although the pattern ofgyri and sulci are highly 
variable, other features ofthe brain, including overall brain size, 
are remarkably eonsistent from individual to individual. ♦ Eaeh 
eerebral hemisphere is divided for deseriptive purposes into four 
lobes that are related to, but the boundaries of which do not eor- 
respond to, the overlying bones of the same name. ♦ The dien- 
eephalon forms the eentral eore of the brain, with the midbrain, 
pons, and medulla oblongata makingthe brainstem; the medulla 
is continuous with the spinal eord. ♦ The cerebellum is the sub- 
tentorial brain mass occupying the posterior eranial fossa. 

Ventrìeles of braìn: Eaeh eerebral hemisphere includes 
a lateral ventriele in its eore; otherwise, the ventricular system 
of the brain is an unpaired, median formation that communi- 
eates with the subarachnoid spaee surrounding the brain and 
spinal eord. ♦ Ghoroid plexuses seerete CSF into the ventrieles. 


which flows out of them into the subarachnoid spaee. ♦ CSF is 
absorbed into the venous system, normally at the same rate at 
which it is produced, by the araehnoid granulations related to 
the superior sagittal sinus. 

Arterìal supply and venous draìnage of braìn: A eon- 
tinuous supply of oxygen and nutrients is essential for brain 
fijnetion. ♦ The brain reeeives a dual blood supply from the 
eerebral branehes of the bilaterally paired internal earotid and 
vertebral arteries. ♦ Anastomoses between these arteries form 
the eerebral arterial eirele. ♦ Anastomoses also occur between 
the branehes of the three eerebral arteries on the surface of the 
brain. ♦ In adults, if one of the four arteries delivering blood to 
the brain is bloeked, the remaining three are not usually eapa- 
ble of providing adequate eollateral circulation; consequently, 
impaired eerebral blood flow (isehemia) and an isehemie 
stroke result. ♦ Venous drainage from the brain occurs via the 
dural venous sinuses and internal Jugular veins. 
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EYE, ORBIT, ORBITAL REGION, 

AND EYEBALL 

The eye is the organ of vision and eonsists of the eyeball and 
the optie nerve. The orhit eontains the eyeball and its aeees- 
sory visnal straetnres (L., adnexa oenli). The orbital region 
is the area of the faee overlying the orbit and eyeball and 
inelndes the npper and lower eyelids and laerimal apparatns. 

Orbìts 

The orbits are bilateral bony eavities in the faeial skeleton 
that resemble hollow, quadrangular pyramids with their bases 
direeted anterolaterally and their apiees, posteromedially 


(Fig. 7.44A). The medial walls of the two orbits, separated by 
the ethmoidal sinnses and the npper parts of the nasal eavity, 
are nearly parallel, whereas their lateral walls are approxi- 
mately at a right (90°) angle. 

Consequently, the axes of the orbits {orhital axes) diverge 
at approximately 45°. The optieal axes (axes of gaze, the 
direetion or line of sight) for the two eyeballs, are parallel, 
however, and in the anatomieal position rnn direetly ante- 
riorly (“looking straight ahead”), the eyeballs being in the 
primary position. The orbits and orbital region anterior to 
them eontain and proteet the eyeballs and aeeessory visual 
structures (Fig. 7.45), whieh inelnde the: 

• Eyelids, whieh bonnd the orbits anteriorly, eontrolling 

exposure of the anterior eyeball. 
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FIGIJRE 7.44. Orbits and plaeement of eyeballs within them. A. Note the orbits’ eJisposition relative to eaeh other aneJ to the optieal axes (line of gaze). 
The orbits are separateeJ by ethmoieial eells aneJ the upper nasal eavity anei septum. B. The bony walls of the orbit are shown. This anterolateral view allows a 
view ofthe orbit anei apex, which lie in the sagittal plane and are not well seen in an anterior view. 
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FIGIJRE 7.45. Orbit, eyeball, and eyelids. A. Sagittal seetion oforbit demonstrating the eontents ofthe orbit. Inset, eross-seetion ofoptie nerve (CN II). 
The subarachnoid spaee around the optie nerve is continuous vvith the spaee betvveen the araehnoid and the pia eovering the brain. The numbers refer to 
structures labeled in part B. B. MRI study providing a sagittal seetion similar to A. M, maxillary sinus; 5, superior ophthalmie vein; are, optie eanal. C. Detail 
ofthe superior eyelid. The tarsus forms the skeleton ofthe eyelid and eontains tarsal glands. (Part B courtesy of Dr. W. Kucharczyk, Professor and Neuroradi- 
ologist Senior Seientist, Department ofMedieal Imaging, LJniversity Health Netvvork, Toronto, Ontario, Ganada.) 
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• Extra-ocular mnseles, which position the eyeballs and 
raise the snperior eyelids. 

• Nerves and vessels in transit to the eyeballs and mnseles. 

• Orhital faseia snrronnding the eyeballs and mnseles. 

• Mucous memhrane (eonjnnetiva) lining the eyelids and 
anterior aspeet of the eyeballs, and most of the laerimal 
apparatns, whieh inbrieates it. 

All spaee within the orbits not oeenpied by these strnetnres 

is fìlled with orbital fat; thns, it forms a matrix in which the 

strnetnres of the orbit are embedded. 

The quadrangular pyramidal orbit has a base, fonr walls, 

and an apex (Fig. 7.44B): 

• The base of the orbit is ontlined by the orbital margin, 

whieh snrronnds the orbital opening. The bone forming 
the orbital margin is reinforeed to afford proteetion to the 
orbital eontents and provides attaehment for the orhital 
septum, a fìbrons membrane that extends into the eyelids. 

• The snperior wall (roof) is approximately horizontal and 
is formed mainly by the orhital part of the frontal hone, 
whieh separates the orbital eavity from the anterior era- 
nial fossa. Near the apex of the orbit, the snperior wall is 
formed by the lesser voing of the sphenoid. Anterolater- 
ally, a shallow depression in the orbital part of the fron- 
tal bone, ealled the fossa for laerimal gland (laerimal 
fossa), aeeommodates the laerimal gland. 

• The medial walls of the eontralateral orbits are essentially 
parallel and are formed primarily by the orbital plate of 
ethmoid bone, along with eontribntions from thefron- 
tal proeess of the maxilla, laerimal, and sphenoid hones. 
Anteriorly, the medial wall is indented by the laerimal 
groove and fossa for laerimal sae; the troehlea (pnl- 
ley) for the tendon of one of the extra-oeular mnseles is 
loeated snperiorly. Mneh of the bone forming the medial 
wall is paper thin; the ethmoid bone is highly pnenma- 
tized with ethmoidal eells, often visible throngh the bone 
of a dried eraninm. 

• The inferior wall (orbital fìoor) is formed mainly by the 
maxilla and partly by the zygomatie and palatine bones. 
The thin inferior wall is shared by the orbit and maxil- 
lary sinns. It slants inferiorly from the apex to the inferior 
orbital margin. The inferior wall is demareated from the 
lateral wall of the orbit by the inferior orbital fissnre, 
a gap between the orbital snrfaees of the maxilla and the 
sphenoid. 

• The lateral wall is formed by the frontal proeess of the 
zygomatie bone and the greater iving of the sphenoid. 
This is the strongest and thiekest wall, whieh is impor- 
tant beeanse it is most exposed and vnlnerable to direet 
tranma. Its posterior part separates the orbit from the 
temporal and middle eranial fossae. The lateral walls of 
the eontralateral orbits are nearly perpendienlar to eaeh 
other. 

• The apex of the orbit is at the optie eanal in the lesser 
wing of the sphenoid jnst medial to the snperior orhital 
fissnre. 


The widest part of the orbit eorresponds to the equator of the 
eyeball (Fig. 7.45A), an imaginary line eneireling the eyeball 
equidistant from its anterior and posterior poles. The bones 
forming the orbit are lined with periorbita, the periostenm 
of the orbit. The periorbita is eontinnons: 

• At the optie eanal and snperior orbital fìssnre with the 
periosteal layer of the dnra mater. 

• Over the orbital margins and throngh the inferior orbital 
fìssnre with the periostenm eovering the external snrfaee 
of the eraninm (perieraninm). 

• With the orbital septa at the orbital margins. 

• With the faseial sheaths of the extra-oeular mnseles. 

• With the orbital faseia that forms the faseial sheath of the 
eyehall. 

Eyelids and Laerimal Apparatns 

The eyelids and laerimal fìnid, seereted by the laerimal 
glands, proteet the eornea and eyeballs from injnry and irri- 
tation (e.g., by dnst and small partieles). 

EYELIDS 

The eyelids are moveable folds that eover the eyeball anteri- 
orly when elosed, thereby proteeting it from injnry and exces- 
sive light. They also keep the eornea moist by spreading the 
laerimal fìnid. The eyelids are eovered externally by thin skin 
and internally by transparent mneons membrane, the palpe- 
bral conjunctiva (Fig. 7.45A & C). This part of the eonjnne- 
tiva is refìeeted onto the eyeball, where it is eontinnons with 
the bnlbar eonjnnetiva. This part of the eonjnnetiva is thin 
and transparent and attaehes loosely to the anterior snrfaee 
of the eyeball. The bnlbar eonjnnetiva, loose and wrinkled 
over the selera (where it eontains small, visible blood ves- 
sels), is adherent to the periphery of the eornea (Fig. 7.46B). 
The lines of refìeetion of the palpebral eonjnnetiva onto the 
eyeball form deep reeesses, the snperior and inferior eon- 

jnnetival forniees (Figs. 7.45A and 7.46). 

The eonjnnetival sae is the spaee bonnd by the palpebral 
and bnlbar eonjnnetivae; it is a elosed spaee when the eyelids 
are elosed, bnt opens via an anterior apertnre, the palpehral 
fissnre (L. rima palpehrae, the gap between the eyelids), 
when the eye is open (eyelids are parted) (Fig. 7.45A). The 
eonjnnetival sae is a speeialized form of mneosal “bnrsa” that 
enables the eyelids to move freely over the snrfaee of the 
eyeball as they open and elose. 

The snperior (npper) and inferior (lower) eyelids are 
strengthened by dense bands of eonneetive tissne, the snpe- 
rior and inferior tarsi (singnlar = tarsns), whieh form the 

“skeleton” of the eyelids (Figs. 7.45C and 7.47A). Fibers of 
the palpebral portion of the orhienlaris oculi (the sphine- 
ter of the palpebral fìssnre) are in the eonneetive tissne 
snperfìeial to the tarsi and deep to the skin of the eyelids 
(Fig. 7.45C). Embedded in the tarsi are tarsal glands that pro- 
dnee a lipid seeretion that Inbrieates the edges of the eyelids and 
prevents them from stieking together when they elose. The lipid 
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FIGIJRE 7.46. Laerimal apparatus and anterior eyeball. A. The eompo- 
nents ofthe laerimal apparatus, by vvhieh tears fìovvfrom the superolateral 
aspeet of the conjunctival sae {dashed lines) to the nasal eavity, are demon- 
strated. B. The surface features of the eye are shov\/n. The fìbrous outer eoat 
of the eyeball includes the tough v\/hite selera and the eentral transparent 
eornea, through vvhieh the pigmented iris w\th its aperture, the pupil, ean 
be seen. The inferior eyelid has been everted to shovvthe refìeetion ofeon- 
Junctiva from the anterior surface ofthe eyeball to the inner surface ofthe 
eyelid. The semilunar fold is a vertieal fold of conJunctiva near the medial 
angle, at the laerimal caruncle. 
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FIGIJRE 7.47. Skeleton of eyelids, and anterior approaeh to orbit. 

A. The superior and inferior tarsi and their attaehments are shovvn. Their 
eiliary margins are free, but they are attaehed peripherally to the orbital 
septum (palpebral faseia in the eyelid). B. In this disseetion ofthe orbit, 
the eyelids, orbital septum, levator palpebrae superioris, and some fat 
have been removed. Part of the laerimal gland is seen betvveen the bony 
orbital wa\\ laterally and the eyeball and lateral rectus muscle medially. 
Structures reeeiving laerimal drainage from the conjunctival sae are seen 
medially. 


seeretìon also forms a barrier that laerimal flnid does not eross 
when prodneed in normal amonnts. When prodnetion is exees- 
sive, it spills over the barrier onto the eheeks as tears. 

The eyelashes (L. eilia) are in the margins of the eyelids. 
The large sebaeeons glands assoeiated with the eyelashes are 
eiliary glands. The jnnetions of the snperior and inferior 
eyelids make up the medial and lateral palpebral eommis- 
snres, deflning the medial and lateral angles of the eye 
(G. kanthos, eorner of eye), or eanthi (Figs. 7.46B and 7.47A). 

Between the nose and the medial angle of the eye is the 
medial palpebral ligament, whieh eonneets the tarsi to the 
medial margin of the orbit (Fig. 7.47A). The orbienlaris oenli 
originates and inserts onto this ligament. A similar lateral 
palpebral ligament attaehes the tarsi to the lateral margin of 
the orbit, bnt it does not provide for direet mnsele attaehment. 


The orbital septnm is a flbrons membrane that spans 
from the tarsi to the margins of the orbit, where it beeomes 
eontinnons with the periostenm (Figs. 7.45A and 7.47A). It 
keeps the orbital fat eontained and, owing to its eontinnity 
with the periorbita, ean limit the spread of infeetion to and 
from the orbit. The septnm eonstitntes in large part the pos- 
terior faseia of the orbienlaris oenli mnsele. 

LAGRIMAL APPARATUS 

The laerimal apparatns (Figs. 7.46A and 7.47B) eonsists of the: 

• Laerimal gland: seeretes laerimal flnid, a watery physi- 
ologieal saline eontaining the baeterioeidal enzyme lyso- 
zyme. The flnid moistens and inbrieates the snrfaees of 
the eonjnnetiva and eornea and provides some nntrients 
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and dissolved oxygen to the eornea; when prodneed in 
exeess, the overflowing flnid eonstitntes tears. 

• Excretory ducts of laerimal gland; eonvey laerimal 
flnid from the laerimal glands to the eonjnnetival sae 

(Fig. 7.46A). 

• Laerimal eanalienli (L. small eanals): eommenee at a 
laerimal punctum (opening) on the laerimal papilla 

near the medial angle of the eye and drain laerimal flnid 
from the laerimal lake (L. lacus laerimalis; a triangn- 
lar spaee at the medial angle of the eye where the tears 
eolleet) to the laerimal sae (dilated snperior part of the 

nasolaerimal dnet) (Figs. 7.46A and 7.47B). 

• Nasolaerimal duct; eonveys the laerimal flnid to the infe- 
rior nasal meatns (part of the nasal eavity inferior to the 
inferior nasal eoneha. 

The laerimal gland, almond shaped and approximately 2 em 
long, lies in the fossa for the laerimal gland in the snpero- 

lateral part of eaeh orbit (Figs. 7.44B, 7.46A, and 7.47B). The 

gland is divided into a snperior orbital and inferior palpe- 
bral parts by the lateral expansion of the tendon of the leva- 
tor palpehrae snperioris (Fig. 7.46A). Aeeessory laerimal 
glands may also be present, sometimes in the middle part 
of the eyelid, or along the snperior or inferior forniees of the 
eonjnnetival sae. They are more nnmerons in the snperior 
eyelid than in the inferior eyelid. 

Prodnetion of laerimal flnid is stimnlated by parasympa- 
thetie impnlses from CN VII. It is seereted throngh 8-12 
exeretory duets, which open into the lateral part of the supe- 
rior conjunetival fornix of the eonjnnetival sae. The flnid 
flows inferiorly within the sae nnder the inflnenee of gravity. 
When the eornea beeomes dry, the eye blinks. The eyelids 
eome together in a lateral to medial sequence pnshing a fllm 
of flnid medially over the eornea, somewhat like windshield 


wipers. In this way, laerimal flnid, eontaining foreign mate- 
rial sneh as dnst is pnshed toward the medial angle of the 
eye, aeenmnlating in the laerimal lake from which it drains 
by eapillary aetion throngh the laerimal pnneta and laerimal 
eanalienli to the laerimal sae (Figs. 7.46A & B and 7.47B). 

From this sae, the flnid passes to the inferior nasal meatns 
of the nasal eavity throngh the nasolaerimal dnet. It drains 
posteriorly aeross the floor of the nasal eavity to the naso- 
pharynx and is eventnally swallowed. In addition to eleansing 
partieles and irritants from the eonjnnetival sae, laerimal flnid 
provides the eornea with nntrients and oxygen. 

The nerve supply of the laerimal gland is both sym- 
pathetie and parasympathetie (Fig. 7.48). The presynaptie 
parasympathetie seeretomotorfihers are eonveyed from the 
faeial nerve by the greater petrosal nerve and then by the 
nerve of the pterygoid eanal to the pterygopalatine ganglion, 
where they synapse with the eell body of the postsynaptie 
flber. Vasoeonstrietive, postsynaptie sympathetie flbers, 
bronght from the snperior eervieal ganglion by the internal 
earotid plexus and deep petrosal nerve, join the parasym- 
pathetie flbers to form the nerve of the pterygoid eanal and 
traverse the pterygopalatine ganglion. The zygomatie nerve 
(from the maxillary nerve) brings both types of flbers to the 
laerimal braneh of the ophthalmie nerve, by which they enter 
the gland (see Ghapter 9). 

Eyeball 

The eyeball eontains the optieal apparatns of the visnal sys- 
tem (Fig. 7.45A). It oeenpies most of the anterior portion of 
the orbit, snspended by six extrinsic mnseles that eontrol its 
movement, and a faseial suspensory apparatns. It measnres 
approximately 25 mm in diameter. All anatomieal strnetnres 
within the eyeball have a eirenlar or spherieal arrangement. 
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FIGIJRE 7.48. Innervation of laerimal gland. The faeial nerve (CN VII), greater petrosal nerve, and nerve of pterygoid eanal deliver presynaptie parasym- 
pathetie fibers to the pterygopalatine ganglion. The synapse bet\A/een presynaptie and postsynaptie fibers occurs here. The maxillary, infra-orbital, zygomatie, 
and laerimal nerves eonvey the postsynaptie fibers to the gland. 
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The eyehall proper has three layers; however, there is an 
additional eonneetive tissne layer that snrronnds the eyeball, 
snpporting it within the orbit. The eonneetive tissne layer 
is eomposed posteriorly of the faseial sheath of the eye- 
hall (bnlbar faseia or Tenon eapsnle), whieh forms the aetnal 
soeket for the eyeball, and anteriorly of bnlbar eonjnnetiva. 
The faseial sheath is the most snbstantial portion of the sns- 
pensory apparatns. A very loose eonneetive tissne layer, the 
episeleral spaee (a potential spaee) lies between the faseial 
sheath and the onter layer of the eyeball, faeilitating move- 
ments of the eyeball within the faseial sheath. 

The three layers of the eyehall are the (Fig. 7.49): 

1 . Fihrons layer (onter eoat), eonsisting of the selera and 
eornea. 

2. Vasenlar layer (middle eoat), eonsisting of the ehoroid, 
eiliary hody, and iris. 

3. Inner layer (inner eoat), eonsisting of the retina, which 
has both optie and non-visual parts. 

FIBROUS LAYER OF EYEBALL 

The fibrous layer of the eyeball is the external fibrons 
skeleton of the eyeball, providing shape and resistanee. The 
selera is the tongh opaque part of the fibrons layer (eoat) of 
the eyeball, eovering the posterior five sixths of the eyeball 

(Figs. 7.49A and 7.50). It provides attaehment for both the 
extrinsic (extra-ocular) and intrinsie mnseles of the eye. The 
anterior part of the selera is visible throngh the transparent 
bnlbar eonjnnetiva as “the white of the eye” (Fig. 7.46B). 
The eomea is the transparent part of the fibrons layer eovering 
the anterior one sixth of the eyeball (Figs. 7.49A and 7.50). The 
convexity of the eornea is greater than that of the selera, and so 
it appears to protmde from the eyeball when viewed laterally. 

The two parts of the fibrons layer differ primarily in 
terms of the regnlarity of arrangement of the eollagen fibers 


of which they are eomposed and the degree of hydration of 
eaeh. While the selera is relatively avasenlar, the eornea is 
eompletely avasenlar, reeeiving its nonrishment from eapillary 
beds aronnd its periphery and finids on its external and inter- 
nal snrfaees (laenmalfluid dìaàaqueous humor, respeetively). 
Laerimal finid also provides oxygen absorbed from the air. 

The eornea is highly sensitive to toneh, its innervation is 
provided by the ophthalmie nerve (CN Vi). Even very small 
foreign bodies (e.g., dnst partieles) elieit blinking, fiow of 
tears, and sometimes severe pain. Its nonrishment is derived 
from the eapillary beds at its periphery, the aqueous humor, 
and laerimal fluid. The latter also provides oxygen absorbed 
from air. Drying of the eorneal snrfaee may eanse nleeration. 

The eorneal limbns is the angle formed by the inter- 
seeting enrvatnres of selera and eornea at the eorneoseleral 
jnnetion. The jnnetion is a l-mm-wide, gray, translneent 
eirele that inelndes nnmerons eapillary loops involved in 
nonrishing the avasenlar eornea. 

VASCULAR LAYER OF EYEBALL 

The middle vasenlar layer of tbe eyeball (also ealled the 
uvea or nveal traet) eonsists of the ehoroid, eiliary body, and 
iris (Fig. 7.49B). The eboroid, a dark reddish brown layer 
between the selera and retina, forms the largest part of the 
vasenlar layer of the eyeball and lines most of the selera (Fig. 
7.50A). Within this pigmented and dense vasenlar bed, larger 
vessels are loeated externally (near the selera). The finest ves- 
sels (the eapillary lamina of tbe eboroid, or ehorioeapil- 
laris, an extensive eapillary bed) are innermost, adjaeent to 
the avasenlar light-sensitive layer of the retina, which it snp- 
plies with oxygen and nntrients. Engorged with blood in life 
(it has the highest perfnsion rate per gram of tissne of all vas- 
enlar beds of the body), this layer is responsible for the “red 
eye” refieetion that oeenrs in fiash photography. The ehoroid 
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FIGIJRE 7.49. Layers of eyeball. The three layers are added sequentially. A. Outer fibrous layer. B. Middle vascular layer. C. Inner layer (retina). 
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FIGIJRE 7.50. Eyeball with quarter seetion removed. A. The inner aspeet ofthe optie part ofthe retina is supplied by the eentral artery ofthe retina, 
whereas the outer, light sensitive aspeet is nourished by the eapillary lamina of the ehoroid (Fig. 7.62). The eentral artery courses through the optie nerve and 
divides at the optie dise into superior and inferior branehes. The branehes ofthe eentral artery are end arteries that do not anastomose with eaeh other or 
any other vessel. B. The structural details of the eiliary region are shown. The eiliary body is both muscular and vascular, as is the iris; the latter includes two 
muscles: the sphineter pupillae and dilator pupillae muscles. Venous blood from this region and the aqueous humor in the anterior ehamber drain into the 
seleral venous sinus. 
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attaehes firmly to the pigment layer of the retina, bnt ean 
easily be stripped from the selera. The ehoroid is eontinnons 
anteriorly with the eiliary body. 

The eiliary body, is a ring-like thiekening of the layer pos- 
terior to the eorneoseleral jnnetion, whieh is mnsenlar as well 

as vasenlar (Figs. 7.49B and 7.50). It eonneets the ehoroid 
with the eirenmferenee of the iris. The eiliary body provides 
attaehment for the lens. The eontraetion and relaxation of the 
eirenlarly arranged smooth mnsele of the eiliary body eontrols 
the thiekness, and therefore the foens, of the lens. Folds on 
the internal snrfaee of the eiliary body, the eiliary proeesses, 
seerete aqueous humor. Aqueous hnmor fills the anterior 
segment of the eyeball, the interior of the eyeball anterior 
tothelens, snspensory ligament, andeiliary body. (Fig. 7.50B). 

The iris, whieh literally lies on the anterior snrfaee of 
the lens, is a thin eontraetile diaphragm with a eentral aper- 
tnre, the pnpil, for transmitting light (Figs. 7.49B, 7.50, and 
7.51A). When a person is awake, the size of the pnpil varies 
eontinnally to regnlate the amonnt of light entering the eye 


(Fig. 7.5IB). Two involnntary mnseles eontrol the size of the 
pnpil: the parasympathetieally stimnlated, eirenlarly arranged 
sphineter pnpillae deereases its diameter (eonstriet or eon- 
traets the pnpil, pupillary mìosìs), and the sympathetieally 
stimnlated, radially arranged dilator pnpillae inereases 
its diameter (dilates the pnpil). The natnre of the pnpillary 
responses is paradoxieal: sympathetie responses nsnally oeenr 
immediately, yet it may take up to 20 min for the pnpil to dilate 
in response to low lighting, as in a darkened theater. Para- 
sympathetie responses are typieally slower than sympathetie 
responses, yet parasympathetieally stimnlated papillary 
eonstrietion is normally instantaneons. Abnormal snstained 
pnpillary dilation {mydriasis) may oeenr in eertain diseases 
or as a resnlt of tranma or the nse of eertain drngs. 

INNER LAYER OF EYEBALL 

The inner layer of the eyeball is the retina (Fig. 7.49C and 
7.50). It is the sensory nenral layer of the eyeball. Grossly, 
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FIGIJRE 7.51. Structure and func- 
tion of the iris. A. Iris disseeted in situ. 
The iris separates the anterior and 
posterior ehambers of the anterior 
segment of the eyeball as it bounds 
the pupil. B. Dilation and eonstrietion 
ofthe pupil. In dim light, sympathetie 
fibers stimulate dilation ofthe pupil. 

In bright light, parasympathetie fibers 
stimulate eonstrieting the pupil. 
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the retina eonsists of two fnnetional parts with distinet loea- 
tions: an optie part and a non-visnal retina. The optie part 
of the retina is sensitive to visnal light rays and has two lay- 
ers: a nenral layer and pigmented layer. The nenral layer 
is light reeeptive. The pigmented layer eonsists of a single 
layer of eells that reinforees the light-absorbing property of 
the ehoroid in redneing the seattering of light in the eyeball. 
The non-visual retina is an anterior eontinnation of the pig- 
mented layer and a layer of snpporting eells. The non-visnal 
retina extends over the eiliary body (eiliary part of retina) 
and the posterior snrfaee of the iris (iridial part of retina), 
to the pnpillary margin. 

elinieally, the internal aspeet of the posterior part of the 
eyeball, where light entering the eyeball is foensed, is referred 
to as the fundus of the eyeball (oenlar fnndns). The retina 
of the fnndns inelndes a distinetive eirenlar area ealled the 
optie dise (optie papilla), where the sensory fibers and ves- 
sels eonveyed by the optie nerve (CN II) enter the eyeball 
(Figs. 7.49C, 7.50A and 7.52). Beeanse it eontains no photo- 
reeeptors, the optie dise is insensitive to light. Consequently, 
this part of the retina is eommonly ealled the hlind spot. 

Jnst lateral to the optie dise is the macula of the retina or 
maenla Intea (L. yellow spot). The yellow eolor of the maenla is 
apparent only when the retina is examined with red-free light. 
The maenla is a small oval area of the retina with speeial photo- 
reeeptor eones that is speeialized for aenity of vision. It is not 
normally observed with an ophthalmoseope (a deviee for view- 
ing the interior of the eyeball throngh the pnpil). At the eenter 
of the maenla, a depression, the fovea eentralis (L., eentral 
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Ophthalmoseopie view 

FIGIJRE 7.52. Fundus of right eyeball. Retinal venules (vvider) and reti- 
nal arterioles (narrovver) radiate from the eenter of the oval optie dise. The 
dark area lateral to the dise is the macula. Branehes of retinal vessels extend 
toward this area, but do not reaeh its eenter, the fovea eentralis—the area 
of most acute vision. 


pit), is the area of most aente vision. The fovea is approximately 
1.5 mm in diameter; its eenter, the foveola, does not have the 
eapillary network visible elsewhere deep to the retina. 

The optie part of the retina terminates anteriorly along 
the ora serrata (L. serrated edge), the irregnlar posterior 
border of the eiliary body (Figs. 7.49C and 7.50A). Except 
for the eones and rods of the nenral layer, the retina is snp- 
plied by the eentral artery of the retina, a braneh of the 
ophthalmie artery. The eones and rods of the onter nenral 
layer reeeive nntrients from the eapillary lamina of the eho- 
roid, or ehorioeapillaris (disenssed in “Vasenlatnre of Orbit” 
on p. 905). It has the finest vessels of the inner snrfaee of the 
ehoroid, against which the retina is pressed. A eorrespond- 
ing system of retinal veins nnites to form the eentral vein 
of the retina. 

REFRAGTIVE MEDIA AND GOMPARTMENTS 
OF EYEBALL 

On their way to the retina, lightwaves pass throngh the 
refraetive media of the eyeball: eornea, aqueous hnmor, lens, 
and vitreons hnmor (Fig. 7.50A). The eornea is the primary 
refraetory medinm of the eyeball—that is, it bends light to 
the greatest degree, foensing an inverted image on the light- 
sensitive retina of \\\efundus of the eyehall. 

The aqueous hunior (often shortened elinieally to 
“aqueous”) oeenpies the anterior segment of the eyehall 
(Figs. 7.50B and 7.51A). The anterior segment is snbdivided 
by the iris and pnpil. The anterior ehamber of the eye is 
the spaee between the eornea anteriorly and the iris/pnpil 
posteriorly. The posterior ehamber of the eye is between 
the iris/pnpil anteriorly and the lens and eiliary body poste- 
riorly. Aqueous hnmor is prodneed in the posterior ehamber 
by the eiliary proeesses of the eiliary body. This elear watery 
solntion provides nntrients for the avasenlar eornea and lens. 
After passing throngh the pnpil into the anterior ehamber, 
the aqueous hnmor drains throngh a trabeenlar meshwork 
at the iridoeorneal angle into the seleral venons sinus 
(L. sinus venosus selerae, eanal of Sehlemm) (Fig. 7.51A). The 
hnmor is removed by the limbal plexus, a network of seleral 
veins elose to the limbns, which drain in tnrn into both tribn- 
taries of the vortieose and anterior eiliary veins (Fig. 7.50B). 
intra-oenlar pressnre (lOP) is a balanee between prodnetion 
and outfiow of aqueous hnmor. 

The lens is posterior to the iris and anterior to the vitre- 
ons hnmor of the vitreons hody (Figs. 7.50 and 7.51A). It is 
a transparent, biconvex strnetnre enelosed in a eapsnle. The 
highly elastie eapsnle of the lens is anehored by zonnlar 
fibers (eolleetively eonstitnting the snspensory ligament 
of the lens) to the eneireling eiliary proeesses. Althongh 
most refraetion is prodneed by the eornea, the convexity of 
the lens, partienlarly its anterior snrfaee, eonstantly varies to 
fine-tnne the foens of near or distant objeets on the retina 
(Fig. 7.53). The isolated nnattaehed lens assnmes a nearly 
spherieal shape. In other words, in the absenee of exter- 
nal attaehment and stretehing, it beeomes nearly ronnd. 
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In the absenee of 
nerve stimolation, 
the eiliary muscle 
is relaxed 

Zonular fibers 
under tension 

Lens is stretehed thin 
to refraet light 
for distant vision 


Parasympathetie 
stimulation causes 
eiliary muscle 
to eontraet 

Zonular fibers relax 

In the absenee 
of stretehing, 
internal tension 
causes lens to beeome 
more spherieal 
(thieker) to refraet light 
for near vision 


FIGIJRE 7.53. Ghanging lens shape (aeeommodatíon). A. Distant 
vision. B. Nearvision. 


The eiliary muscle of the eiliary body ehanges the shape 
of the lens. In the absenee of nerve stimnlation, the diameter of 
the relaxed mnsenlar ring is larger. The lens snspended within 
the ring is nnder tension as its periphery is stretehed, eansing 
it to be thinner (less convex). The less convex lens brings more 
distant objeets into foens (far vision). Parasympathetie stimn- 
lation via the oenlomotor nerve (CN III) eanses sphineter-like 
eontraetion of the eiliary mnsele. The ring beeomes smaller, 
and tension on the lens is redneed. The relaxed lens thiek- 
ens (beeomes more convex), bringing near objeets into foens 
(near vision). The aetive proeess of ehanging the shape of the 
lens for near vision is ealled aeeommodation. The thiekness 
of the lens inereases with aging so that the ability to aeeom- 
modate typieally beeomes restrieted after age 40. 

The vitreons humor is a watery flnid enelosed in the 
meshes of the vitreous body, a transparent jelly-like snb- 
stanee in the posterior fonr flfths of the eyeball posterior to 
the lens (posterior segment of the eyeball, also ealled 
the postremal or vitreons ehamher) (Fig. 7.50A). In addition 
to transmitting light, the vitreons hnmor holds the retina in 
plaee and snpports the lens. 

Extra-ocular Muscles of Orbit 

The extra-ocular muscles of the orbit are the levator 
palpehrae snperioris, fonr reeti {snperior, inferior, medial. 


and lateral), and two ohliques {snperior and inferior). These 
seven mnseles work together to move the snperior eyelids 

and eyeballs. They are illnstrated in Fignres 7.54-7.58 and 
the attaehments, nerve snpply, and main aetions of the 
orbital mnseles, beginning from the primary position, are 
ontlined in Table 7.8. Additional details are provided in the 
following seetions. 

LEVATOR PALPEBRAE SUPERIORIS 

The levator palpebrae superioris broadens into a wide 
bilaminar aponenrosis as it approaehes its distal attaeh- 
ments. The snperfleial lamina attaehes to the skin of the 
snperior eyelid, and the deep lamina to the snperior tarsns 
(Fig. 7.54B). This mnsele is opposed most of the time by 
gravity and is the antagonist of the snperior half of the orbi- 
enlaris oenli, the sphineter of the palpebral flssnre. The deep 
lamina of the distal (palpebral) part of the mnsele inelndes 
smooth mnsele flbers, the superior tarsal muscle, that 
prodnee additional widening of the palpebral flssnre, espe- 
eially dnring a sympathetie response (e.g., fright). How- 
ever, they seem to fnnetion eontinnonsly (in the absenee 
of a sympathetie response) beeanse an interrnption of the 
sympathetie snpply prodnees a eonstant ptosis —drooping 
of the npper eyelid. 

MOVEMENTS OF EYEBALL 

Movements of the eyeball oeenr as rotations aronnd three 
axes — vertieal, transverse, Sindanteroposterior {Fìg. 7.54A)— 
and are deseribed aeeording to the direetion of movement of 
the pnpil from the primary position, or of the snperior pole of 
the eyeball from the nentral position. Rotation of the eyeball 
aronnd the vertieal axis moves the pnpil medially (toward 
the midline, adduction), or laterally (away from the mid- 
line, abduction). Rotation aronnd the transverse axis moves 
the pnpil snperiorly (elevation) or inferiorly (depression). 
Movements aronnd the anteroposterior (AP) axis (eorre- 
sponding to the axis of gaze in the primary position) move the 
snperior pole of the eyeball medially (medial rotation, or 
intorsion) or laterally (lateral rotation, or extorsion). These 
rotational movements aeeommodate ehanges in the tilt of 
the head. Absenee of these movements resnlting from nerve 
lesions eontribntes to donble vision. Movements may oeenr 
aronnd the three axes simnltaneonsly, requiring three terms 
to deseribe the direetion of movement from the primarily 
position (e.g., the pnpil is elevated, addneted, and medially 
rotated). 

REGTIAND OBLIQUE MUSCLES 

The fonr reeti mnseles (L. reetos, straight) rnn anteriorly to 
the eyeball, arising from a flbrons enff, the eommon tendi- 
nous ring, that snrronnds the optie eanal and from part of the 
snperior orbital flssnre at the apex of the orbit (Figs. 7.54B 
& e and 7.55A). Strnetnres that enter the orbit throngh the 
optie eanal and the adjaeent part of the flssnre lie initially 
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within the eone of reeti (Figs. 7.54B & C and 7.55B). The 

fonr reeti mnseles are named for their individnal positions 
relative to the eyeball. Beeanse 
attaeh to the snperior, inferior, medial, and lateral aspeets of 
the eyeball anterior to its equator, the primary aetions of the 
fonr reeti in prodneing elevation, depression, addnetion, and 
abdnetion are relatively intnitive. 

Several faetors make the aetions of the obliques and the 
seeondary aetions of the snperior and inferior reeti more 
ehallenging to nnderstand. The apex of the orhit is medially 
plaeed relative to the orbit, so that the axis of the orhit does 
not eoineide with the optieal axis (Figs. 7.44A and 7.54C). 
Therefore, tohen the eye is in the primary position, the 
snperior reetns (SR) and inferior reetns (IR) mnseles also 
approaeh the eyeball from its medial side, their line of pnll 
passing medial to the vertieal axis. This gives both mnseles a 
seeondary aetion of addnetion. The SR and IR also extend 
laterally, passing snperior and inferior to the AP axis, respee- 
tively, giving the SR a seeondary aetion of medial rotation, 
and the IR a seeondary aetion of lateral rotation. 

Ifthe gaze isfirst direeted laterally (abdneted by the lat- 
eral reetns [LR]) so that the line of gaze eoineides with the 
plane of the IR and SR, the SR prodnees elevation only (and 
is solely responsible for the movement) (Fig. 7.56A), Sindthe 
IR prodnees depression only (and is likewise solely respon- 
sible) (Fig. 7.56B). Dnring a physieal examination, the phy- 
sieian direets the patient to follow his or her fìnger laterally 
(testing the LR and abdneent nerve [CN VI]), then snperi- 
orly and inferiorly to isolate and test the fnnetion of the SR 
and IR and the integrity of the oenlomotor nerve (CN III), 
whieh snpplies both (Fig. 7.56E). 

The inferior oblique (lO) is the only mnsele to originate 
from the anterior part of the orbit (immediately lateral to 
the laerimal fossa) (Fig. 7.47B). The snperior oblique (SO) 
originates from the apex region like the reetns mnseles (bnt 
snper medial to the eommon tendinons ring) (Fig. 7.55A); 
however, its tendon traverses the troehlea jnst inside the 
snper medial orbital rim, redireeting its line of pnll (Figs. 
7.54B & e and 7.55B). Thns, the inserting tendons of the 
oblique mnseles lie in the same oblique vertieal plane. When 
the inserting tendons are viewed anteriorly (Fig. 7.47B) or 
snperiorly (Fig. 7.54C) with the eyeball in the primary posi- 
tion, it ean be seen that the tendons of the oblique mnseles 
pass mainly laterally to insert on the lateral half of the eye- 
ball, posterior to its equator. Beeanse they pass inferior and 
snperior to the AP axis as they pass laterally, the lO is the pri- 
mary lateral rotator, and the SO is the primary medial rotator 
of the eye. However, in the primary position, the obliques 
also pass posteriorly aeross the transverse axis (Fig. 7.54B) 
and posterior to the vertieal axis (Fig. 7.54C), giving the SO 
a seeondary fnnetion as a depressor, the lO a seeondary fnne- 
tion as an elevator, and both mnseles a seeondary fnnetion as 

abdnetors (Fig. 7.54B & C). 

If the gaze is first direeted medially (addneted by the 
medial reetns [MR]) so that the line of gaze eoineides with 
plane of the inserting tendons of the SO and lO, the SO 


they mainly rnn anteriorly to 


prodnees depression only (and is solely responsible for the 
movement) (Fig. 7.56C) and the lO prodnees elevation only 
(and is likewise solely responsible) (Fig. 7.56D). Dnring a 
physieal examination, the physieian direets the patient to 
follow his or her fìnger medially (testing the MR and oen- 
lomotor nerve), then inferiorly and snperiorly to isolate 
and test the fnnetions of the SO and lO and the integrity 
of the troehlear nerve (CN IV), whieh snpplies the SO, and 
of the inferior division of CN III, which snpplies the lO (Fig. 
7.56E). In praetiee: 

• The main aetion of the snperior oblique is depression of 
the pnpil in the addneted position (e.g., direeting the gaze 
down the page when the gaze of both eyes is direeted 
medially [eonverged] for reading). 

• The main aetion of the inferior oblique is elevation of the 
pnpil in the addneted position (e.g., direeting the gaze up 
the page dnring eonvergenee for reading). 

Althongh the aetions prodneed by the extra-ocular mnseles 
have been eonsidered individnally, all motions require the 
aetion of several mnseles in the same eye, assisting eaeh other 
as synergists or opposing eaeh other as antagonists. Mnseles 
that are synergistie for one aetion may be antagonistie for 
another. For example, no single mnsele ean aet to elevate 
the pnpil direetly from the primary position (Fig. 7.54D). 
The two elevators (SR and lO) aet as synergists to do so. 
However, these mnseles are antagonistie as rotators, and so 
nentralize eaeh other so that no rotation oeenrs as they work 
together to elevate the pnpil. Similarly, no single mnsele ean 
aet to depress the pnpil direetly from the primary position. 
The two depressors, the SO and IR, both prodnee depres- 
sion when aeting alone and also prodnee opposing aetions in 
terms of addnetion-abdnetion and medial-lateral rotation. 
However, when the SO and IR aet simnltaneonsly, their syn- 
ergistie aetions depress the pnpil beeanse their antagonistie 
aetions nentralize eaeh other; therefore, pnre depression 
resnlts. 

To direet the gaze, eoordination of both eyes mnst be 
aeeomplished by the paired aetion of eontralateral yoke 
muscles (fnnetionally-paired eontralateral extra-ocular 
mnseles). For example, in direeting the gaze to the right, the 
right lateral reetns and left medial reetns aet as yoke mnseles 

(Fig. 7.59). 

SUPPORTING APPARATUS OF EYEBALL 

The faseial sheath of the eyehall envelops the eyeball, 
extending posteriorly from the eonjnnetival forniees to 
the optie nerve, forming the aetnal soeket for the eyeball 
(Fig. 7.45A). The enp-like faseial sheath is piereed by the 
tendons of the extra-ocular mnseles and is refìeeted onto 
eaeh of them as a tnbnlar mnsefe sheath. The mnsele sheaths 
of the levator and snperior reetns mnseles are fnsed; thns, 
when the gaze is direeted snperiorly, the snperior eyelid is 
fnrther elevated ont of the line of vision. Triangnlar expan- 
sions from the sheaths of the medial and lateral reetns 

(eontinned on p. 903) 




(A) Axes about which movements of the 
eyeball occur. Golors in (A) are NOT 
eoordinated with B-D or Table 7.8. 


(B) Lateral view 

Elevators-Depressors 

(Rotation around transverse axis) 



Vertieal axis 

Abduction-Adduction 



Frontal bone 

Superior oblique 

Levator palpebrae 
superioris| 

Superior rectus 
Medial rectus 

Transverse axis 

Lateral rectus 

Selera 

eommon 
tendinous ring 

Inferior oblique 
Inferior rectus 

Maxilla 


FIGITRE 7.54. Extra-ocular muscles and their movements. A. Axes around vvhieh movements ofthe eyeball occur. B. Position of muscles in right orbit. 
Arrows, movements ofthe eyeball around the transverse axis. 


TABLE 7.8. EXTRA-OCULAR MUSCLES OF ORBIT 


Muscle 

Origin 

Insertion 

Innervation 

Main Aetion^ 

Levator palpebrae 
superioris 

Lesser wing of 
sphenoid bone, 
superior and ante- 
rior to optie eanal 

Superior tarsus and skin of 
superior eyelid 

Oculomotor nerve (CN III); 
deep layer (superior tarsal 
muscle) is supplied by 
sympathetie fibers 

Elevates superior eyelid 

Superioroblique 

(SO) 

Body of sphenoid 
bone 

Its tendon passes through a 
fibrous ring ortroehlea, ehanges 
its direetion, and inserts into selera 
deep to superior rectus muscle 

Troehlear nerve (CN IV) 

Abducts, depresses, and 
medially rotates eyeball 

inferioroblique 

(iO) 

Anterior part of 
floorof orbit 

Selera deep to lateral rectus 
muscle 

Oculomotor nerve (CN III) 

Abducts, elevates, and 
laterally rotates eyeball 

Superior reebis 
(SR) 

Gommon 
tendinous ring 

Selera just posteriorto eorneo- 
seleral junction 

Elevates, adducts, and 
rotates eyeball medially 

Inferior rectus (IR) 

Depresses, adducts, and 
rotates eyeball laterally 

Medial rectus (MR) 

Adducts eyeball 

Lateral rectus (LR) 

Abducentnerve (CN VI) 

Abducts eyeball 


®The aetions deseribed are for nnuscles aeting alone, starting from the primary position (gaze direeted anteriorly). In faet, muscles rarely aet independently and almost 
alvvays vvork together in synergistie and antagonistie groups. dinieal testing requires maneuvers to isolate muscle aetions. Only the aetions of the medial and lateral 
rectus are tested, starting from the primary position (Fig. 7.56E). 
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A-P axis 



Gornea 


Selera 


Vertieal axis 


Superior 
oblique (SO) 


Inferiorl 
oblique (10)1 


Optie eanal 

eommon 
tendinous ring 

Optie nerve 


Medial rotators-Lateral rotators 

(Rotation around A-P axis) 


Adductors-Abductors 

(Rotation around vertieal axis) 


(C) Superior view 



Extorsion 




Intorsion 




(D) 



Intorsion 




Extorsion 



Right eyeball 


Abduction Abduction 

< - > Adduction < - > 











< - > Adduction < - > 

Abduction Abduction 


FIGIJRE 7.54. (Continued) C. Position of muscles in right and left orbits. Arrows at left, movements ofthe eyeball around the AP axis; arrows at right, move- 
ments ofthe eyeball around the vertieal axis. To understand the aetions produced by muscles startingfrom the primary position, it is neeessary to observe 
the plaeement and line of pull ofthe muscle relative to the axes about vvhieh the movements occur. D. Llnilateral and bilateral demonstration of extra-ocular 
muscle aetions, starting from the primary position. For movements in any of the six eardinal direetions {large arrows) the indieated muscle is the prime mover. 
Movements in direetions betvveen large arrovvs requires synergistie aetions by the adjaeent muscles. For example, direet elevation requires the synergistie 
aetions of lO and SR; direet depression requires synergistie aetion ofSO and IR. Smallarrows, muscles producing rotational movements around the AP axis. 
Goordinated aetion ofthe eontralateral yoke muscles is required to direet the gaze. For example, in direeting the gaze to the right, the right LR and left MR 
are yoke muscles. 
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(CN III), superior 
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Superior rectus 
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superioris 

Optie nerve (CN II) 
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Ophthalmie artery 
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Inferior rectus 


Oculomotor nerve 
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(A) Anterior view 



Superior rectus 

eommon 
tendinous ring 

Lateral 
rectus 

Abducent 
nerve 
(CN VI) 

Oculomotor 
nerve (CN III) 
superior 
division 

eiliary 
ganglion 


Levator palpebrae superioris 

Troehlear nerve 
(CN IV) 

Superior oblique 

Optie nerve 
faseieles 

Ophthalmie 
artery 

Medial rectus 

Oculomotor nerve 
(CN III), inferior 
division 

Inferior rectus 
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(B) Anterior view 


FIGIJRE 7.55. Relationship at apex of orbit. A. The eommon tendinous ring is formed by the origin of the four reeti muscles and eneireles the optie 
sheath of CN II, the superior and inferior divisions of CN III, the nasoeiliary nerve (CN Vi), and CN VI. The nerves supplying the extra-ocular muscles enter the 
orbit through the superior orbital fissure: oculomotor (CN III), troehlear (CN IV), and abducent (CN VI). B. Structures (minus membranous faseia and fat) 
after enucleation (excision) ofthe eyeball. 


Angle of gaze eoineiding 
with angle of muscle 

ELEVATION ONLY 
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(A) Superior rectus 


(B) Inferior rectus 


(C) Superior oblique 


(D) Inferior oblique 


Abduction 
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Nose 


(E) Aetions of muscles of orbit as tested 
elinieally (Right Eye) 


FIGIJRE 7.56. Glinieal testing of extra-ocular muscles. A and B. When the 
eye is initially abducted by LR, only the rectus muscles ean produce elevation and 
depression. C and D. When the eye is initially abducted by MR, only the oblique 
muscles ean produce elevation and depression. E. Follovving movements ofthe 
examineds finger, the pupil is moved in an extended H-pattern to isolate and test 
individual extra-ocular muscles and the integrity of their nerves. 
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muscles, ealled the medial and lateral eheek ligaments, 

are attaehed to the laerimal and zygomatie bones, respee- 
tively. These ligaments limit abdnetion and addnetion. A 
blending of the eheek ligaments with the faseia of the infe- 
rior reetns and inferior oblique mnseles forms a hammoek- 
like sling, the snspensory ligament of the eyehall. A 
similar inferior eheek ligament from the faseial sheath of 
the inferior reetns retraets the inferior eyelid when the gaze 
is direeted downward (Fig. 7.45A). Golleetively, the eheek 
ligaments aet with the oblique mnseles and the retrohnl- 
har fat to resist the posterior pull on the eyeball prodneed 
by the reetns muscles. In diseases or starvation that rednee 
the retrobnlbar fat, the eyeball is retraeted into the orbit 
{inophthalmos). 

Nerves of Orbìt 

The large optie nerves eonvey pnrely sensory nerves that 
transmit impnlses generated by optieal stimnli (Figs. 7.45A 
and 7.50A). They are eranial nerves (CN II) by eonvention, 
bnt develop as paired anterior extensions of the forebrain 
and are aetnally eentral nervons system (CNS) fìber traets 
formed of seeond-order nenrons. The optie nerves begin 
at the lamina erihrosa of the selera, where the nnmy- 
elinated nerve fìbers pieree the selera and beeome myelin- 
ated, posterior to the optie dise. They exit the orbits via the 
optie eanals. Thronghont their eonrse in the orbit, the optie 


nerves are snrronnded by extensions of the eranial menin- 
ges and snharaehnoid spaee, the latter oeenpied by a thin 
layer of CSF (Fig. 7.45A, inset). The intra-orbital exten- 
sions of the eranial dnra and araehnoid eonstitnte the optie 
nerve sheath, whieh beeomes continuous anteriorly with 
the faseial sheath of the eyeball and the selera. A layer of 
pia mater eovers the snrfaee of the optie nerve within the 
sheath. 

In addition to the optie nerve (CN II), the nerves of the 
orbit inelnde those that enter throngh the snperior orhital 
fissnre and snpply the oenlar mnseles: oenlomotor (CN 
III), troehlear (CN IV), and ahdneent (CN VI) nerves 
(Figs. 7.55 and 7.57). A memory deviee for the innervation 

of the extra-oeular mnseles moving the eyeball is similar 
to a ehemieal formnla: LReSO^AOs (lateral reetns, CN VI; 
snperior oblique, CN IV; all others, CN III). The troeh- 
lear and abdneent nerves pass direetly to the single musele 
snpplied by eaeh nerve. The oenlomotor nerve divides into 
a snperior and an inferior division. The snperior division 
snpplies the snperior reetns and levator palpebrae snperi- 
oris. The inferior division snpplies the medial and inferior 
reetns and inferior oblique and earries presynaptie para- 
sympathetie fìbers to the eiliary ganglion (Fig. 7.58). The 
movements are stimnlated by the oenlomotor, troehlear, 
and abdneent nerves, starting from the primary position in 
the right and left orbits, and prodnee binoenlar vision, dem- 

onstrated in Fig. 7.59. 
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FIGIJRE 7.57. Nerves of orbit. Three eranial nerves (CN III, IV, and VI) supply the seven voluntary extra-ocular muscles. CN IV supplies the superior 
oblique, CN VI supplies the lateral rectus, and CN III supplies the remaining five muscles. The CN III also brings presynaptie parasympathetie fibers to the 
eiliary ganglion. The trigeminal nerve (CN V) supplies sensory fibers to the orbit, orbital region, and eyeball. 
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FIGIJRE 7.58. Dìstrìbutìon of nerve fibers to eìlìary ganglìon and 
eyeball. The eiliary ganglion reeeives three types of nerve fìbers from three 
separate sources. All parasympathetie innervation but only some ofthe 
sensory and sympathetie innervation to the eyeball traverses the ganglion. 
Sympathetie and sensory fìbers in the long eiliary nerve bypass the ganglion. 


The three terminal branehes of the ophthalmie nerve, CN 
Vi (the frontal, nasoeiliary, and laerimal nerves), pass throngh 
the snperior orbital fissnre and snpply strnetnres related to 
the anterior orbit (e.g., laerimal gland and eyelids), faee, and 
sealp (Fig. 7.60). The entaneons branehes of CN Vi (laerimal, 
frontal, and infratroehlear nerves) are deseribed in “Cutane- 
ous Nerves of Faee and Sealp” (p. 849) and in Table 7.5. 

The eiliary ganglion is a small group of postsynaptie 
parasympathetie nerve eell bodies assoeiated with CN Vi. 
It is loeated between the optie nerve and the lateral reetus 
toward the posterior limit of the orbit. The ganglion reeeives 
nerve fibers from three sonrees (Fig. 7.58): 

• Sensory fibers from CN Vi via the sensory or nasoeiliary 
root of the eiliary ganglion. 

• Presynaptie parasympathetie fibers from CN III via the 

parasympathetie or oenlomotor root of the eiliary 
ganglion. 

• Postsynaptie sympathetie fibers from the internal earotid 
plexus via the sympathetie root of the eiliary ganglion. 
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FIGIJRE 7.59. Bìnocular movements and muscles producing them. All movements start from the primary position. 
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FIGIJRE 7.60. Disseetion of orbit. In this superior approaeh, the orbital part of the frontal bone has been removed. On the right side, three nerves 
applied to the roof ofthe orbit (troehlear, frontal, and laerimal) are evident. On the left side, the levator palpebrae superioris and superior rectus have been 
cut and refìeeted and the orbital fat removed to demonstrate the nerves that traverse the intraeonal fat. 


The short eiliary nerves arise from the eiliary ganglion 
and are eonsidered to be branehes of CN Vi (Figs. 7.58 and 
7.60). They earry parasympathetie and sympathetie fibers to 
the eiliary body and iris. The short eiliary nerves eonsist of 
postsynaptie parasympathetie fibers originating in the eiliary 
ganglion, afferent fibers from the nasoeiliary nerve that pass 
throngh the ganglion, and postsynaptie sympathetie fibers 
that also pass throngh it. Long eiliary nerves, branehes of 
the nasoeiliary nerve (CN Vi) that pass to the eyeball, bypass- 
ing the eiliary ganglion, eonvey postsynaptie sympathetie 
fibers to the dilator pnpillae and afferent fibers from the iris 
and eornea. 

The posterior and anterìor ethmoidal nerves, branehes of 
the nasoeiliary nerve arising in the orbit, exit via openings in 
the medial wall of the orbit to snpply the mneons membrane 
of the sphenoidal and ethmoidal sinnses and the nasal eavi- 
ties, as well as the dnra of the anterior eranial fossa. 

Vasculature of Orbìt 

ARTERIES OF ORBIT 

The blood snpply of the orbit is mainly from the oph- 
thalmie artery, a braneh of the internal earotid artery 
(Fig. 7.61; Table 7.9); the infra-orhital artery, from the 


external earotid artery, also eontribntes blood to strnetnres 
related to the orbital fioor. The eentral artery of the ret- 
ina, a braneh of the ophthalmie artery arising inferior to 
the optie nerve, pierees the sheath of the optie nerve and 
rnns within the nerve to the eyeball, emerging at the optie 
dise (Fig. 7.45A, inset). Its branehes spread over the inter- 
nal snrfaee of the retina (Figs. 7.52 and 7.62). The terminal 
branehes are end arteries (arterioles), which provide the only 
blood snpply to the internal aspeet of the retina. 

The external aspeet of the retina is also snpplied by the 
eapillary lamina of the ehoroid (ehorioeapillaris). Of the 
eight or so postenor eiliary arteries (also branehes of the oph- 
thalmie artery), six short posterior eiliary arteries direetly 
snpply the ehoroid, which nonrishes the onter non-vasenlar 
layer of the retina. Two long posterior eiliary arteries, one 
on eaeh side of the eyeball, pass between the selera and the 
ehoroid to anastomose with the anterior eiliary arteries 
(eontinnations of the mnsenlar branehes of the ophthal- 
mie artery to the reetns mnseles) to snpply the eiliary plexus. 

VEINS OF ORBIT 

Venons drainage of the orbit is throngh the snperior and 
inferior ophthalmie veins, which pass throngh the snpe- 
rior orbital fissnre and enter the eavernons sinns (Fig. 7.63). 
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FIGURE7.61. Arteriesoforbit. 


TABLE7.9. ARTERIES OF ORBIT 


Artery 

Origin | Course and Distribution 

Ophthalmie 

Internal earotid artery 

Traverses optie foramen to reaeh orbital eavity 

Gentral artery of retina 

Ophthalmie artery 

Pierees dural sheath of optie nerve and runs to eyeball; branehes from eenter 
of optie dise; supplies optie retina (exceptcones and rods) 

Supra-orbital 

Passes superiorly and posteriorly from supra-orbital foramen to supply fore- 
head and sealp 

Supratrochlear 

Passes from supra-orbital margin to forehead and sealp 

Laerimal 

Passes along superior border of lateral rectus muscle to supply laerimal gland, 
conjunctiva, and eyelids 

Dorsal nasal 

Courses along dorsal aspeetof nose and supplies its surface 

Short posterior eiliaries 

P ieree selera at periphery of optie nerve to supply ehoroid, which in turn sup- 
plies eones and rods of optie retina 

Long posterior eiliaries 

Pieree selera to supply eiliary body and iris 

Posterior ethmoidal 

Passes through posterior ethmoidal foramen to posterior ethmoidal eells 

Anterior ethmoidal 

Passes through anterior ethmoidal foramen to anterior eranial fossa; supplies 
anteriorand middle ethmoidal eells, frontal sinus, nasal eavity, and skin on 
dorsum of nose 

Anterior eiliary 

Muscular (rectus) branehes of 
ophthalmie artery 

Pierees selera atattaehments of rectus muscles and forms networkin iris and 
eiliary body 

Infra-orbital 

Third part of maxillary artery 

Passes along infra-orbital groove and foramen to faee 








































ehapter 7 Head 


907 




Episeleral 

vessels 


Vortieose vein 


Flow of aqueous humor 


Seleral venous sinus 


Conjunctival 

vessels 


Sphineter 

pupillae 

Dilator 

pupillae 


Lens 


Giliary Zonular fibers 

proeesses of suspensory 

ligament 


Gapillary lamina 
of ehoroid 

Long posterior 
eiliary artery 

Short posterior 
eiliary vessels 

Dural vessels 


Short posterior 
eiliary vessels 

Optie nerve (CN II) 

eentral retinal 
artery and vein 

Pial vessels 


Anterior eiliary 
vessels— 
continuation 
of muscular 
arteries 


Anterior 
eiliary 
vessels 

Con]unctiva 

Selera 


Muscular artery 
and vein 


eornea 
Iris 

Seleral 
venous 
sinus 

Greater 
arterial eirele 
of iris 


Muscular branehes 
of ophthalmie artery 


ehoroidal 

vessel 


eiliary 

muscle 


FIGIJRE 7.62. Partìal horìzontal seetion of right eyeball. The artery supplying the inner part ofthe retina (eentral retinal artery) and the ehoroid, vvhieh 
in turn nourishes the outer non-vascular layer of the retina, are shov\/n. The ehoroid is arranged so that the supplying vessels and larger ehoroidal vessels are 
externally plaeed, and the smallest vessels (the eapillary lamina) are most internal, adjaeent to the non-vascular layer of the retina. The vortieose vein (one 
of four to five) drains venous blood from the ehoroid into the posterior eiliary and ophthalmie veins. The seleral venous sinus returns the aqueous humor, 
seereted into the anterior ehamber by the eiliary proeesses, to the venous circulation. 
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FIGIJRE 7.63. Ophthalmie veins. The superior ophthalmie vein empties 
into the cavernous sinus, and the inferior ophthalmie vein empties into the 
pterygoid venous plexus. They communicate vvith the faeial and supra-orbital 
veins anteriorly and eaeh other posteriorly. The superior ophthalmie vein 
aeeompanies the ophthalmie artery and its branehes. 


The eentral vein of the retina (Fig. 7.62) usually enters the 
cavernous sinus direetly, but it may join one of the ophthal- 
mie veins. The vortex, or vortieose veins, from the vasenlar 
layer of the eyeball drain into the inferior ophthalmie vein. 
The seleral venons sinns is a vasenlar structure eneireling 
the anterior ehamber of the eyeball throngh which the aque- 
ous humor is returned to the blood eirenlation. 

Surface Anatomy of Eye 
and Laerimal Apparatus 

For a deseription of the snrfaee anatomy of the eyelids, see 
“Snrfaee Anatomy of Faee” (p. 859). The anterior part of the 
selera (the “white” of the eye) is eovered by the transparent 
hnlhar eonjnnetiva, which eontains minnte but apparent eon- 
jnnetival blood vessels (Fig. 7.64B). When irritated, the ves- 
sels may enlarge notieeably, and the bnlbar eonjnnetiva may 
take on a distinetly pink appearanee when inflamed (“red” 
eyes). The normal tough, opaque selera often appears slightly 
blue in infants and ehildren and eommonly has a yellow hue 
in many older people. 
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FIGIJRE 7.64. Surface anatomy of the eye (A) and laerìmal apparatus (B). 


The anterior transparent part of the eye is the eomea, 
which is eontinnons with the selera at its margins. In a lateral 
view (Fig. 7.64A), most of the visible part of the eyeball pro- 
trndes slightly throngh the palpehralfissnre. It is apparent that 
the eornea has a greater enrvatnre (convexity) than that of the 
rest of the eyeball (the part eovered by selera); thns a shallow 
angle oeenrs at the eorneoseleral jnnetìon, the eorneal limhns 
(Fig. 7.64B). The prominenee of the eornea also makes move- 
ments of the eyeball apparent when the eyelids are elosed. 

The dark eirenlar opening throngh which light enters the 
eyeball, the pnpil, is snrronnded by the iris (plnral = irides), 
a eirenlar pigmented diaphragm. The relative size of the pnpil 
and iris varies with the brightness of the entering light; however, 
the size of the eontralateral pnpils and irides shonld be nniform. 


Normally, when the eyes are open and the gaze is direeted 
anteriorly, the snperior part of the eornea and iris are eov- 
ered by the edge of the snperior eyelid, and the inferior part 
of the eornea and iris are fnlly exposed above the inferior 
eyelid, nsnally exposing a narrow rim of selera. Even slight 
variations in the position of the eyeballs are notieeable, eans- 
ing a ehange in faeial expression to a snrprised look when 
the snperior eyelid is elevated (as oeenrs in exophthalmos, 
or protrnsion of the eyeballs, eansed by hyperthyroidism), 
or a sleepy appearanee (as oeenrs when the snperior eyelid 
droops, ptosis, owing to an absenee of sympathetie innerva- 
tion in Horner syndrome). 

The hnlhar eonjnnetiva is refleeted from the selera onto 
the deep snrfaee of the eyelid. The palpehral eonjnnetiva is 
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normally red and vasenlar and, with experience, ean provide 
some assessment of hemoglobin levels. It is eommonly exam- 
ined in eases of snspeeted anemìa, a blood eondition eommonly 
manifested by pallor (paleness) of the mneons membranes. 
When the snperior eyelid is everted, the size and extent of the 
enelosed snpenor tarsns ean be appreeiated, and eommonly 
the tarsal glands ean be distingnished throngh the palpebral 
eonjnnetiva as slightly yellow vertieal stripes. Under elose 
examination, the openings of these glands (approximately 20 
per eyelid) ean be seen on the margins of the eyelids, posterior 
to the two to three rows of emerging eilia or eyelashes. As the 
bnlbar eonjnnetiva is eontinnons with the anterior epithelinm 


of the eornea and the palpebral eonjnnetiva, it forms the eon- 
jnnetival sae. The palpebral fissnre is the “month,” or anterior 
apertnre, of the eonjnnetival sae. 

In the medìal angle of the eye, a reddish shallow reservoir 
of tears, the laerimal lake, ean be observed. Within the lake 
is the laerimal earnnele, a small monnd of moist modified 
skin. Lateral to the earnnele is a semilnnar eonjnnetival fold, 
which slightly overlaps the eyeball. The semilnnar fold is a 
rndiment of the nietitating membrane of birds and reptiles. 
When the edges of the eyelids are everted, a small pit, the 
laerimal pnnetnm, is visible at its medial end on the snmmit 
of a small elevation, the laerimal papilla. 


ORBITAL REGION, ORBIT, 
AND EYEBALL 

Fractures of Orbit 


stmetnres—for example, bleeding into the maxillary sinns, dis- 
plaeement of maxiUary teeth, and fraetnre of nasal bones resnlt- 
ing in hemorrhage, ainvay obstmetion, and infeetion that eonld 
spread to the eavemons sinns throngh the ophthalmie vein. 



The orbital margin is strong to proteet the orbital eon- Orbìt&l TlHHOrS 


tent. However, when the blows are powerful enongh 
and the impaet is direetly on the bony rim, the resnlt- 
ing fraetnres nsnally oeenr at the three sntnres between the 
bones forming the orbital margin. Beeanse of the thinness of the 
medial and inferior walls of the orbit, a blow to the eye may 
fraetnre the orbital walls while the margin remains intaet (Fig. 
B7.23). indireet tranmatie injnry that displaees the orbital walls 
is ealled a “blowout” fraetnre. Fraetnres of the medial wall may 
involve the ethmoidal and sphenoidal sinnses, whereas fraetnres 
of the inferior wall (orbital fioor) may involve the maxillary sinns. 

Althongh the snperior wall is stronger than the medial and 
inferior walls, it is thin enongh to be translneent and may be 
readily penetrated. Thns a sharp objeet may pass throngh it 
and enter the frontal lobe of the brain. 

Orbital fraetiires often resnlt in intra-orbital bleeding, 
which exerts pressnre on the eyebaU, eansing exophthalmos (pro- 
tmsion of the eyeball). Any tranma to the eye may affeet adjaeent 



Blowout fracture 
of orbit 



FIGUREB7.23 


Beeanse of the eloseness of the optie nerve to the 
sphenoidal and posterior ethmoidal sinnses, a malig- 
nant tnmor in these sinnses may erode the thin bony 
waUs of the orbit and eompress the optie nerve and orbital eon- 
tents. Tnmors in the orbit prodnee exophthalmos. The easiest 
entranee to the orbital eavity for a tnmor in the middle eranial 
fossa is throngh the snperior orbital fissnre; tnmors in the tem- 
poral or infratemporal fossa gain aeeess to this eavity throngh 
the inferior orbital fissnre. Althongh the lateral waU of the orbit 
is nearly as long as the medial waU beeanse it extends laterally 
and anteriorly, it does not reaeh as far anteriorly as the medial 
wall does, which oeenpies essentially a sagittal plane 
(Fig. 7.44A). Nearly 2.5 em of the eyeball is exposed when the 
pnpil is tnmed medially as far as possible. This is why the lateral 
side affords a good approaeh for operations on the eyeball. 

Injury to Nerves Supplying Eyelids 

Beeanse it snpplies the levator palpebrae snperioris, a 
lesion of the oenlomotor nerve eanses paralysis of the 
mnsele, and the snperior eyelid droops {ptosis 
Damage to the faeial nerve involves paralysis of the orbienlaris 
oenli, preventing the eyelids from elosing fnlly. Normal rapid 
proteetive blinking of the eye is also lost. 

The loss of tonns of the mnsele in the inferior eyelid 
eanses the lid to fall away (evert) from the snrfaee of the eye- 
ball, leading to drying of the eornea. This leaves the eyeball 
nnproteeted from dnst and small partieles. Thns, irritation of 
the nnproteeted eyeball resnlts in excessive bnt ineffieient 
laerimation (tear formation). Excessive laerimal flnid also 
forms when the laerimal drainage apparatns is obstrneted, 
thereby preventing the finid from reaehing the inferior part 
of the eyeball. People often dab their eyes eonstantly to wipe 
the tears, resnlting in fnrther irritation. 
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Inílammatìon of Palpebral Glands 

Any of the glands in the eyelid may beeome inflamed 
and swollen from infeetion or obstrnetion of their 
dnets. If the dnets of the eiliary glands are 
obstrneted, a painfnl red snppnrative (pns-prodneing) swell- 
ing, a sty (hordeolnm), develops on the eyelid. Cysts of the 
sehaeeons glands of the eyelid, ealled ehalazia, may also 
form. Obstrnetion of a tarsal gland prodnees inflammation, a 
tarsal ehalazion, that protrndes toward the eyeball and rnbs 
against it as the eyelids blink. 


Hyperemìa of Gonjnnetìva 

The eonjnnetiva is eolorless, except when its vessels 



bloodshot 


eyes 


are dilated and eongested 
Hyperemia of the eonjnnetiva is eansed by loeal irri- 
tation (e.g., from dnst, ehlorine, or smoke). An inflamed eon- 
jnnetiva, eonjnnetivitis (“pinkeye”), is a eommon eontagions 
infeetion of the eye. 


Subconjunctival Hemorrhages 

Snbeonjnnetival hemorrhages are eommon and are 
manifested by bright or dark red patehes deep to 
and within the bnlbar eonjnnetiva. The hemor- 
rhages may resnlt from injnry or inflammation. A blow to the 
eye, excessively hard blowing of the nose, and paroxysms of 
eonghing or violent sneezing ean eanse hemorrhages resnlt- 
ing from rnptnre of small snbeonjnnetival eapillaries. 



Development of Retina 

The retina and optie nerve develop from the optie 
cup, an outgrowth of the embryonie forebrain, the 



optie vesiele (Fig. B7.24A). As it evaginates from 
the forebrain (Fig. B7.24B), the optie vesiele earries the 
developing meninges with it. Henee the optie nerve is 
invested with eranial meninges and an extension of the snb- 
araehnoid spaee (Fig. B7.24C). The eentral artery and vein 
of the retina eross the snbaraehnoid spaee and rnn within the 
distal part of the optie nerve. The pigment eell layer of the 
retina develops from the onter layer of the optie enp, and the 
nenral layer develops from the inner layer of the enp. 



Retinal Detaehment 

The layers of the developing retina are separated in 
the embryo by an intraretinal spaee (Fig. B7.24B). 
Dnring the early fetal period, the layers fnse, obliter- 
ating this spaee. Althongh the pigment eell layer beeomes 
flrmly flxed to the ehoroid, its attaehment to the nenral layer is 
not flrm. Consequently, detaehment of the retina may follow a 
blow to the eye (Fig. B7.25). A detaehed retina nsnally resnlts 
from seepage of flnid between the nenral and pigment eell lay- 
ers of the retina, perhaps days or even weeks after tranma to the 
eye. Persons with a retinal detaehment may eomplain of flashes 
of light or speeks floating in front of the eye. 
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FIGUREB7.24. 



Ophthalmoseopie view (arrows, wrinkles in detaehed retina) 


FIGUREB7.25. 








ehapter 7 Head 


911 



Pupillary Lìght Reflex 

The pupillary light reflex is tested using a penlight 
duríng a nenrologieal examination. This reflex, involv- 
ing CN II (afferent limb) and CN III (efferent limb), 
is the rapid eonstríetion of the pupil in response to light. When 
light enters one eye, both pnpils eonstríet beeanse eaeh retina 
sends flbers into the optie traets of both sides. The sphineter 
pnpillae mnsele is innervated by parasympathetie flbers; eonse- 
quently, interrnption of these flbers eanses dilation of the pnpil 
beeanse of the nnopposed aetion of the sympathetieally inner- 
vated dilator pnpillae mnsele. The flrst sign of eompression of 
the oenlomotor nerve is ipsilateral slovvness of the pnpillary 
response to light. 
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FIGURE BZ.26 
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(C) 


IJveitis 



JJveitis, inflammation of the vasenlar layer of the eye- 
ball (nvea), may progress to severe visnal impairment 
and blindness if the inflammation is not treated by a 


speeialist in ophthalmology. 


lens (Fig. B7.26A & B). intraeapsnlar lens extraction involves 
removing the lens and lens eapsnle, and implanting a synthetie 
intra-ocular lens in the anteríor ehamber (Fig. B7.26C). 

Goloboma of Iris 



Ophthalmoseopy 

Physieians use an ophthalmoseope (funduscope) to 
viewthe fundus of the eyeball (Fig. 7.52). The retinal 
arteríes and veins radiate over the fundus from the 
optie dise. The pale, oval dise appears on the medial side with 
the retinal vessels radiating from its eenter. Pnlsation of the 
retinal arteríes is usually visible. Centrally, at the posteríor pole 
of the eyeball, the macula appears darker than the reddish hue 
of surrounding areas of the retina beeanse the blaek melanin 
pigment in the ehoroid and pigment eell layer is not sereened 
by eapillary blood. 



Papilledema 

An inerease in CSF pressnre slows venous return 
from the retina, eansing edema of the retina (fluid 
accumulation). The edema is viewed duríng ophthal- 
moseopy as swelling of the optie dise, a eondition ealled papill- 
edema. Normally, the dise is flat and does not form a papilla. 
Papilledema resnlts from inereased intraeranial pressnre and 
inereased CSF pressnre in the extension of the snbaraehnoid 
spaee around the optie nerve (Fig. 7.50A). 



Presbyopìa and Gataraets 

As people age, their lenses beeome harder and more 
flattened. These ehanges gradnally reduce the focus- 
ing power of the lenses, a eondition known as preshy- 
opia (G. preshyos, old). Some people also experíence a loss of 
transpareney (elondiness) of the lens from areas of opaqueness 
(eataraets). Gataraet extraction eombined with an intra-ocular 
lens implant has beeome a eommon operation. An extracapsu- 
lar eataraet extraction involves removing the lens but leaving the 
eapsnle of the lens intaet to reeeive a synthetie intra-ocular 



The absenee of a seetion of irís (Fig. B7.27) may result 
from a birth defeet, in which the ehoroid (retinal) fls- 
sure fails to elose properly (Fig. B7.24B), from 



FIGUREB7.27. 
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penetrating or non-penetrating injnries to the eyeball, or a snr- 
gieal irideetomy. When the iris is injnred in sneh a manner, the 
iridial fissnre does not heal. 



Glaucoma 

Outfiow of aqueous hnmor throngh the seleral 
venons sinns into the blood eirenlation mnst oeenr 
at the same rate at whieh the aqueous is prodneed. 
If the outfiow deereases signifieantly beeanse the outfiow 
pathway is bloeked (Fig. B7.28), pressnre bnilds up in the 
anterior and posterior ehambers of the eye, a eondition ealled 
glaucoma. Blindness ean resnlt from eompression of the 
inner layer of the eyeball (retina) and the retinal arteries if 
aqueous hnmor prodnetion is not redneed to maintain nor- 
mal intra-oenlar pressnre. 



Hyphema (arrow) 


FIGUREB7.29 


initial hemorrhage nsnally stops in a few days and reeovery is 
nsnally good. 


Seleral venous sinus 


Trabecular mesh 



Flow of aqueous 


Open-angle glaucoma 
(drainage angle is open; 
outflow of aqueous is 
bloeked at trabeculae 
or seleral venous sinus) 



eiosed-angle glaucoma 
(iris eloses drainage angle and 
obstructs outflow of aqueous) 


FIGUREB7.28. 



Artifieial Eye 

The faseial sheath of the eyeball forms a soeket for an 
) artifieial eye when the eyeball is removed {ennele- 
ated). After this operation, the eye mnseles eannot 
retraet too far beeanse their faseial sheaths remain attaehed to 
the faseial sheath of the eyeball. Thns, some eoordinated move- 
ment of a properly fitted artifieial eyeball is possible. Beeanse 
the snspensory ligament snpports the eyeball (Fig. 7.62), it is 
preserved when snrgieal removal of the bony fioor of the orbit 
is performed (e.g., dnring the removal of a tnmor). 



Gorneal Reflex 

Dnring a nenrologieal examination, the examiner 
tonehes the eornea with a wisp of eotton (Fig. B7.14, 
p. 863). A normal (positive) response is a blink. 
Absenee of a blink snggests a lesion of CN Vi; a lesion of CN 
VII (the motor nerve to the orbienlaris oenli) may also impair 
this refiex. The examiner mnst be eertain to toneh the eornea 
(not jnst the selera) to evoke the refiex. The presenee of a eon- 
taet lens may hamper or abolish the ability to evoke this refiex. 


eorneal Abrasions and Laeerations 

Foreign objeets sneh as sand or metal filings (parti- 
eles) prodnee eorneal ahrasions that eanse sndden, 
stabbing pain in the eyeball and tears. Opening and 
elosing the eyelids is also painfnl. Oorneal laeerations are 
eansed by sharp objeets sneh as a tree braneh, fingemails, or the 
eorner of a page of a book. 



Hemorrhage into Anterior Chamber 

Hemorrhage within the anterior ehamber of the eye- 
ball (hyphema) nsnally resnlts from blnnt tranma to 
the eyeball, sneh as from a squash or racquet ball or a 



eorneal IJleers and Transplants 

Damage to the sensory innervation of the eomea from 
CN Vi leaves the eomea vnlnerable to injnry by for- 
eign partieles. People with eomeal lesions (searred or 



hoekey stiek (Fig. B7.29). Initially, the anterior ehamber is opaque eorneas) mayreeeive fromdonors 

tinged red, bnt blood soon aeenmnlates in this ehamber. The or implants of non-reaetive plastie material. 
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Horner Syndrome 

Horner syndrome results from intermption of a eer- 
vieal sympathetie tmnk and is manifest by the absenee 
of sympathetieally stimnlated fnnetions on the ipsilat- 
eral side of the head. The syndrome inelndes the following 
signs: eonstrietion of the pnpil (miosis), drooping of the snpe- 
rior eyelid (ptosis), redness and inereased temperatnre of the 
skin (vasodilation), and absenee of sweating (anhydrosis). 
Gonstrietion of the pnpil oeenrs beeanse the parasympatheti- 
eally stimnlated sphineter of the pnpil is nnopposed. The ptosis 
is a eonsequence of paralysis of the smooth mnsele fibers inter- 
digitated with the aponenrosis of the levator palpebrae snperi- 
oris that eolleetively eonstitnte the snperior tarsal mnsele, 
snpplied by sympathetie fibers. 



Paralysis of Extra-ocular Muscles/ 
Palsìes of Orbìtal Nerves 



One or more extra-ocular muscles may be paralyzed 
by disease in the brainstem or by a head injnry, resnlt- 
ing in diplopia (donble vision). Paralysis of a mnsele 
is apparent by the limitation of movement of the eyeball in the 
field of aetion of the mnsele and by the prodnetion of two 
images when one attempts to use the muscle. 



(A) Oculomotor paralysis 



(B) Abducent paralysis 

FIGUREB7.30. 


OCULOIVIOTOR NERVE PALSY 


Gomplete oenlomotor nerve palsy affeets most of the 
ocular muscles, the levator palpebrae superioris, and 
the sphineter pnpillae. The snperior eyelid droops and 
eannot be raised volnntarily beeanse of the nnopposed aetivity 
of the orbienlaris oculi (supplied by the faeial nerve) (Fig. 



Bloekage of Gentral Artery of Retina 

Beeanse terminal branehes of the eentral artery of the 
retina are end arteries, obstrnetion of them by an 
embolns resnlts in instant and total blindness. 



B7.30A). The pupil is also fiilly dilated and non-reaetive beeanse Bloekage of the artery is usually unilateral and oeenrs in older 


of the nnopposed dilator pnpillae. The pupil is fiilly abducted 
and depressed (“down and out”) because of the unopposed 
aetivity of the lateral reetns and snperior oblique, respeetively. 


people. 


ABDUCENT NERVE PALSY 


Bloekage of Gentral Vein of Retina 

Because the eentral vein of the retina enters the eav- 
ernons sinus, thromhophlehitis of this sinus may 
result in the passage of a thrombns to the eentral reti- 
abdnet the pupil on the affeeted side (abdneent nerve nal vein and prodnee bloekage of the small retinal veins. 

palsy or paralysis). The pupil is fiilly adducted by the unop- Oeelnsion of abraneh of the eentral vein usually resnlts in slow. 



When the abdneent nerve (CN VI) snpplying only the 
lateral reetns is paralyzed, the individnal eannot 



posed pull of the medial rectus (Fig. B7.30B). 


painless loss of vision. 


The Bottom Lìne 


ORBITAL REGION, ORBIT, AND EYEBALL 

Orbìts: The orbits are pyramidal eavities, with bases direeted 
anteriorly and apiees posteriorly, that house the eyeballs 
and aeeessory visual structures. ♦ The medial walls ofthe 
eontralateral orbits are parallel, and the lateral walls are per- 
pendicularto eaeh other. ♦ The margins and lateral walls of 
the orbits, being most vulnerable to direet trauma, are strong. 


♦ The superior wall (roof) and inferior wall (floor) are shared 
with the anterior eranial fossa and the maxillary sinus, respee- 
tively, and much of the paper-thin medial wall is eommon 
to the ethmoidal eells. ♦ The medial wall and floor are thus 
vulnerable to the spread of disease proeesses from the para- 
nasal sinuses and to blowout fractures when blunt foree is 
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applied to the orbital eontents, suddenly inereasing intraor- 
bital pressure. ♦ The optie eanal and superior orbital fissure at 
the apex of the orbit are the primary paths by which structures 
enter and exit the orbits. 

Aeeessory vìsual structures: The eyelids and laerimal 
apparatus are proteetive deviees forthe eyeball. ♦ The eon- 
junctival sae is a speeial form of mucosal bursa, which enables 
the eyelids to move over the surface of the eyeball as they 
open and elose, spreading the moistening and lubricating film 
of laerimal fluid within the sae. ♦ The fìuid is seereted into the 
lateral superior fornix ofthe sae and is spread by gravity and 
blinking aeross the anterior eyeball, eleansing and providing 
the eornea with nutrients and oxygen as it is pushed toward 
the medial angle of the eye. ♦ The fìuid and eontained irri- 
tants accumulate in the laerimal lake. ♦ They are drained from 
here by eapillary aetion through superior and inferior laerimal 
puncta into laerimal canaliculi that pass to the laerimal sae. 

♦ The sae d rains via the nasolaerimal duct into the nasal eav- 
ity, where the fìuid fìows posteriorly and is eventually swal- 
lowed. ♦ Although the conJunctival sae opens anteriorly via 
the palpebral fissure, the watery laerimal fìuid will not eross 
the lipid barrier seereted by the tarsal glands onto the margins 
of the fissure, unless it is produced in excess, as when erying. 

Eyeball: The eyeball eontains the optieal apparatus of the 
visual system. ♦ It has a trilaminar construction, with (1) a sup- 
porting outer fibrous layer, eonsisting of the opaque selera and 
transparent anterior eornea; (2) a middle vascular layer, eon- 
sisting of the ehoroid (largely eoneerned with providing nour- 
ishment to the eones and rods of the retina), the eiliary body 
(producer of the aqueous humorand adjuster of the lens), and 
the iris (proteetor of the retina); and (3) an innerlayer, eonsist- 
ing of optie and non-visual parts of the retina. ♦ The eornea is 
the major refraetive eomponent of the eyeball, with focusing 
adjustments made by the lens. ♦ Parasympathetie stimulation 
of the eiliary body reduces tension on the lens, allowing it to 
thieken for near vision. ♦ Relaxation of the eiliary body in the 
absenee of stimulation stretehes the lens, making it thinner 
for far vision. ♦ Parasympathetie stimulation also eonstriets 
the sphineter of the iris, which eloses the pupil in response to 
bright light. ♦ Sympathetie stimulation ofthe dilatorofthe iris 
opens the pupil to admit more light. ♦ The anterior segment of 


the eyeball is filled with aqueous humor, produced by the eili- 
ary proeesses in the posterior ehamber. ♦ The aqueous humor 
passes through the pupil into the anterior ehamber and is 
absorbed into the venous circulation at the seleral venous sinus. 

♦ The posterior segment or vitreous ehamber is filled with vit- 
reous humor, which maintains the shape of the eye, transmits 
light, and holds the retina in plaee against the ehoroid. 

Extra-ocular nnuscles: There are seven extra-ocular 
muscles: four reeti, two obliques, and a levator of the superior 
eyelid. ♦ Six muscles originate from the apex of the orbit, and 
the four rectus muscles arise from a eommon tendinous ring. 

♦ Only the inferior oblique arises anteriorly in the orbit. The 
levator palpebrae superioris elevates the superior eyelid. 

♦ Assoeiated smooth muscle (superior tarsal muscle) widens 
the palpebral fissure even more during sympathetie responses; 
ptosis results from the absenee of sympathetie innervation to 
the head (Horner syndrome). ♦ When the eyes are adducted 
(eonverged) as for elose reading, the superior and inferior 
obliques produce depression and elevation, respeetively, 
direeting the gaze down or up the page. ♦ Goordination of the 
eontralateral extra-ocular muscles as yoke muscles is neees- 
sary to direet the gaze in a particular direetion. 

Nerves of orbìt: All muscles of the orbit are supplied by 
CN III, except forthe superior oblique and lateral rectus, which 
are supplied by CN IV and VI, respeetively. ♦ Memory deviee: 
LR6SO4AO3. 

Vasculature of orbìt: Extra-ocular circulation is provided 
mainly by the ophthalmie (internal earotid) and infra-orbital 
(external earotid) arteries, the latter supplying structures near 
the orbital fìoor. ♦ Superiorand inferior ophthalmie veins 
drain anteriorly to the faeial vein, posteriorly to the cavernous 
sinus, and inferiorly to the pterygoid venous plexus. ♦ Intra- 
ocular circulation is exclusively from the ophthalmie artery, 
with the eentral retinal artery supplying all of the retina except 
the layerofeones and rods, which is nourished by the eapillary 
lamina of the ehoroid. ♦ The eiliary-iridial structures reeeive 
blood from anterior eiliary arteries (from the rectus muscle 
branehes ofthe ophthalmie artery) and two long posterior eili- 
ary arteries. ♦ Multiple short posterior eiliary arteries supply 
the ehoroid. ♦ Superior and inferior vortieose veins drain the 
eyeballs to the respeetive ophthalmie veins. 


PAROTID AND TEMPORAL 
REGIONS, INFRATEMPORAL FOSSA, 
AND TEMPOROMANDIBULAR JOINT 

Parotid Region 

The parotid region is the posterolateral part of the faeial 
region (Fig. 7.23A), bonnded by the: 

• Zygomatie areh snperiorly. 

• External ear and anterior border of the sternoeleidomas- 
toid posteriorly. 


• Ramns of the mandible medially. 

• Anterior border of the masseter mnsele anteriorly. 

• Angle and inferior border of the mandible inferiorly. 

The parotid region inelndes the parotid gland and dnet, the 
parotid plexus of the faeial nerve (CN VII), the retromandibn- 
lar vein, the external earotid artery, and the masseter mnsele. 

PAROTID GLAND 

The parotid gland is the largest of three paired salivary 
glands. From a fnnetional vievvpoint, it would seem logieal to 
disenss all three glands simnltaneonsly in assoeiation with the 



ehapter 7 Head 


915 


anatomy of the month. However, from an anatomieal view- 
point, partienlarly in disseetion eonrses, the parotid gland 
is nsnally examined with or immediately subsequent to the 
disseetion of the faee to expose the faeial nerve. Althongh 
the parotid plexus of the faeial nerve (CN VII) is embed- 
ded within the parotid gland, the branehes extending from 
the gland to innervate the mnseles of faeial expression are 
eneonntered dnring the disseetion of the faee, and were dis- 
enssed and illnstrated on p. 853. Disseetion of the parotid 
region mnst be eompleted before disseetion of the infratem- 
poral region and mnseles of mastieation or the earotid tri- 
angle of the neek. The suhmandìhular gland is eneonntered 
primarily dnring disseetion of the snbmandibnlar triangle of 
the neek, and the suhlingual glands when disseeting the floor 
of the month. 

The parotid gland is enelosed within a tongh, nnyielding, 
faseial eapsnle, the parotid sheath (eapsnle), derived from 
the investing layer of deep eervieal faseia (Figs. 7.65, 8.4 
and 8.16). The parotid gland has an irregnlar shape beeanse 
the area oeenpied by the gland, the parotid hed, is antero- 
inferior to the external aeonstie meatns, where it is wedged 
between the ramns of the mandible and the mastoid proeess 
(Figs. 7.23A & e and 7.65). Fatty tissne between the lobes 


of the gland eonfers the flexibility the gland mnst have to 
aeeommodate the motion of the mandible. The apex of the 
parotid gland is posterior to the angle of the mandible, and 
its base is related to the zygomatie areh. The snbentaneons 
lateral snrfaee of the parotid gland is almost flat. 

The parotid duct passes horizontally from the anterior 
edge of the gland (Fig. 7.65). At the anterior border of the 
masseter, the dnet tnrns medially, pierees the bneeinator, 
and enters the oral eavity throngh a small oriflee opposite 
the 2nd maxillary molar tooth. Embedded within the snb- 
stanee of the parotid gland, from snperfleial to deep, are the 
parotid plexus of thefaeial nerve (CN VII) and its branehes 
(Figs. 7.23A & e and 7.65), the retromandihnlar vein, and 
the external earotid artery. On the parotid sheath and within 
the gland are parotid lymph nodes. 

INNERVATION OF PAROTID GLAND 
AND RELATED STRUCTURES 

Althongh the parotid plexus of CN VII is embedded within 
it, CN VII does not provide innervation to the gland. The 
auriculotemporal nerve, a braneh of CN V 3 , is elosely related 
to the parotid gland and passes snperior to it with the 


Faeial nerve 


Sternoeleidomastoid 
attaehed to 
mastoid proeess 


External earotid artery 
and nerve plexus 

Retromandibular vein 


Parotid gland 


Parotid sheath 


Gervieal lymph J Deep 
nodes 



Auriculotemporal 


nerve 


Pterygomandibular 

raphe 

2nd maxillary 
molar tooth 


Orbicularis oris 
Buccinator 


Parotid duct and 
opening (papilla) 

Medial pterygoid 
and masseter 
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ramus of mandible 


Sublingual gland 


Marginal mandibular 
braneh of faeial nerve 



Parotid lymph node 
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Submandibular gland 


Great auricular nerve 


External jugular vein 


FIGIJRE 7.65. Relatìonshìps of parotid gland. A transverse sliee through the bed ofthe parotid gland demonstrates the relationship ofthe gland to the 
surrounding structures. The gland passes deeply betvveen the ramus ofthe mandible, flanked by the muscles of mastieation anteriorly and the mastoid pro- 
eess and sternoeleidomastoid muscle posteriorly. The dimensions of the parotid bed ehange vvith movements of the mandible. The external earotid artery 
and peri-arterial plexus, retromandibular vein, and parotid plexus ofthe faeial nerve (CN VII) are embedded within the gland itself The parotid duct turns 
medially at the anterior border of the masseter muscle and pierees the buccinator muscle. 
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superficial temporal vessels. The auriculotemporal nerve and 
the great auricular nerve, a braneh of the eervieal plexus 
eomposed of fibers from C2 and C3 spinal nerves, innervates 
the parotid sheath (Fig. 7.65) as well as the overlying skin. 

The parasympathetie eomponent of the glossopharyn- 
geal nerve (CN IX) snpplies presynpatie seeretory fibers 
to the otie ganglion (Fig. 7.66). The postsynaptie parasym- 
pathetie fibers are eonveyed from the ganglion to the gland 
by the auriculotemporal nerve. Stimnlation of the parasym- 
pathetie fibers prodnees a thin, watery saliva. Sympathetie 
fibers are derived from the eervieal ganglia throngh the 
extemal earotid nerve plexus on the external earotid artery 
(Fig. 7.65). The vasomotor aetivity of these fibers may rednee 
seeretion from the gland. Sensory nerve fibers pass to the gland 
throngh the great auricular and auriculotemporal nerves. 


Temporal Region 

The temporal region of the head inelndes the lateral area 
of the sealp and the deeper soft tissnes overlying the tem- 
poral fossa of the eraninm, snperior to the zygomatie areh 
(Figs. 7.14 and 7.67A, inset). The temporal fossa, oeenpied 

primarily by the upper portion of the temporalis mnsele, is 

bonnded (Figs. 7.1A and 7.67A): 

• Posteriorly and snperiorly by the temporal lines. 

• Anteriorly by the frontal and zygomatie bones. 

• Laterally by the zygomatie areh. 

• Inferiorly by the infratemporal erest (Fig. 7.67B). 

The floor of the temporal fossa is formed by parts of the four 
bones that form the pterion: frontal, parietal, temporal, and 
greater wing of the sphenoid. The fan-shaped temporalis 
mnsele arises from the bony fioor and overlying temporal 
faseia (Fig. 7.68), which forms the roof of the temporal fossa. 
This tough faseia eovers the temporalis, attaehing snperiorly 
to the snperior temporal line. Inferiorly, the faseia splits into 
two layers, which attaeh to the lateral and medial snrfaees of 
the zygomatie areh. The temporal faseia also tethers the zygo- 
matie areh snperiorly. When the powerful masseter muscle. 


Lesser petrosal nerve otie ganglion 


Tympanie plexus 
in tympanie eavity 


Parotid branehes of 
auriculotemporal 
nerve (CN V 3 ) 


Mastoid - 
proeess 

Glosso- 
pharyngeal 
nerve (CN IX) 


Pharyngotympanie 

tube 

Parotid gland 
Tympanie nerve 


Sensory 
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Presynaptie parasympathetie fibers 
Postsynaptie parasympathetie fibers 


FIGIJRE 7.66. Innervatìon of parotìd gland. 


which is attaehed to the inferior border of the areh, eontraets 
and exerts a strong downward pull on the zygomatie areh, the 
temporal faseia provides resistanee. 


Infratemporal Fossa 


The infratemporal fossa is an irregnlarly shaped spaee 
deep and inferior to the zygomatie areh, deep to the ramus 
of the mandible, and posterior to the maxilla (Fig. 7.67B). It 
eommnnieates with the temporal fossa throngh the interval 
between (deep to) the zygomatie areh and (snperfieial to) the 
eranial bones. 

The honndaries of the infratemporal fossa are as follows 

(Fig. 7.67): 

• Laterally: the ramus of the mandible. 

• Medially: the lateral pterygoid plate. 

• Anteriorly: the posterior aspeet of the maxilla. 

• Posteriorly: the tympanie plate and the mastoid and sty- 
loid proeesses of the temporal bone. 

• Snperiorly: the inferior (infratemporal) snrfaee of the 
greater wing of the sphenoid. 

• Inferiorly: where the medial pterygoid mnsele attaehes to 
the mandible near its angle (see Fig. 7.72D). 

The infratemporalfossa eontains the (Figs. 7.68-7.70): 


Inferior part of the temporalis mnsele. 

Lateral and medial pterygoid mnseles. 

Maxillary artery. 

Pterygoid venons plexus. 

Mandibular, inferior alveolar, lingnal, bneeal, and ehorda 
tympani nerves 

Otie ganglion (see Fig. 7.75). 


The parotid and temporal regions and the infratemporal 
fossa eolleetively inelnde the temporomandihnlar joint and 
the mnseles of mastieation that prodnee its movements. 


TEMPOROMANDIBULAR JOINT 

The temporomandibular joint (TMJ) is a modified hinge 
type of synovial joint, permitting gliding (translation) and 
a small degree of rotation (pivoting) in addition to fiexion 
(elevation) and extension (depression) movements typieal 
for hinge joints. The bony artienlar snrfaees involved are 
the mandihnlar fossa and artienlar tnherele of the tempo- 
ral hone snperiorly, and the head of the mandihle inferiorly 

(Figs. 7.9B and 7.69A-D). The ìoose fihrons layer of the 
joint eapsnle attaehes to the margins of the artienlar eartilage 
on the temporal bone and aronnd the neek of the mandible 
(Figs. 7.69E and 7.70A & C). The two bony artienlar snrfaees 
are eompletely separated by intervening fibroeartilage, the 
articular dise of the TMJ, attaehed at its periphery to the 
internal aspeet of the fibrons eapsnle. This ereates separate 
superior and inferior articular eavities, or eompartments, 
lined by separate superior and inferior synovial mem- 

branes (Figs. 7.69A & B and 7.70B & C). 
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(B) Lateral view following removal of zygomatie areh 
and ramus of mandible 

FIGIJRE 7.67. Bony boundaries of temporal and infratemporal fossae. A. The lateral wall of the infratemporal fossa is formed by the ramus of the 
mandible. The spaee is deep to the zygomatie areh and is traversed by the temporal muscle and the deep temporal nerves and vessels. Through this interval, 
the temporal fossa communicates inferiorly with the infratemporal fossa. B. The roof and three walls ofthe infratemporal fossa are shown. The fossa is an 
irregularly shaped spaee posterior to the maxilla (anterior wall). The roof of the fossa is formed by the infratemporal surface of the greater wing of the 
sphenoid. The medial wall is formed by the lateral pterygoid plate; and the posterior wall is formed by the tympanie plate, styloid proeess, and mastoid 
proeess ofthe temporal bone. The infratemporal fossa communicates with the pterygopalatine fossa through the pterygomaxillary fissure. 
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FIGIJRE 7.68. Dìsseetìons of temporal and infratemporal regions. In this superficial disseetion ofthe great muscles on the side ofthe cranium, the 
parotid gland and most of the temporal faseia have been removed. The temporal and masseter muscles are both supplied by the trigeminal nerve (CN V) and 
both elose the jaw. The faeial artery passes deep to the submandibular gland, whereas the faeial vein passes superficial to it. 
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FIGIJRE 7.69. Temporomandibularjoint (TMJ). A-D. Anatomieal and CT images oftheTMJ in the elosed- and open-mouth positions E. Innervation ofTMJ. 
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The gliding movements of protrnsion and retrnsion 
(translation) oeenr between the temporal bone and the artie- 
nlar dise (snperior eavity) (Fig. 7.71); the hinge movements 
of depression and elevation and the rotational or pivoting 
movements oeenr in the inferior eompartment. A thiekened 
part of the joint eapsnle forms the intrinsie lateral ligament 
of the TMJ (Figs. 7.69E and 7.70A), whieh strengthens the 
joint laterally and, with the postglenoid tnberele (Fig. 
7.69A), aets to prevent posterior disloeation of the joint. 

Two extrinsic ligaments and the lateral ligament eonneet 
the mandible to the eraninm. The stylomandibnlar liga- 
ment, which is aetnally a thiekening of the fibrons eapsnle of 
the parotid gland, rnns from the styloid proeess to the angle of 
the mandible (Fig. 7.69E & F). It does not eontribnte signifi- 
eantly to the strength of the joint. The sphenomandibnlar 
ligament rnns from the spine of the sphenoid to the lingnla of 


the mandible (Figs. 7.69F and 7.70C). It is the primary passive 
snpport of the mandible, althongh the tonns of the mnseles of 
mastieation nsnally bears the mandible s weight. However, the 
sphenomandibnlar ligaments serve as a “swinging hinge” for 
the mandible, serving both as a fnlernm and as a eheek liga- 
ment for the movements of the mandible at the TMJs. 

The movements of the mandible at the TMJs are shown 
in Fignre 7.71, and the mnseles (or forees) prodneing the 
movements are snmmarized in Table 7.10. When the month 
is elosed and at rest, the heads of the mandible are held in the 
retraeted position in the mandibnlar fossae, and the ehin is ele- 
vated by the tonns of the retraetors and elevators of the man- 

dible (Figs. 7.69A & C, 7.70B & C, and 7.71A). When sleeping 

in the snpine or sitting position (head npright), as one enters 
a state of deep sleep, the tonie eontraetion relaxes and gravity 
eanses depression of the mandible (the month falls open). 
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FIGIJRE 7.71. Movements of mandible consequent to movement at TMJs. 


TABLE 7.10. MOVEMENTS OF TEMPOROMANDIBULAR JOINT 


Movements of Mandible 

Muscle(s) 

Elevation (elose mouth) 

Temporalis, masseter, and medial pterygoid 

Depression (open mouth) 

Lateral pterygoid, suprahyoid, and infrahyoid muscles^ 

Protrusion (protrude ehin) 

Lateral pterygoid, masseter, and medial pterygoid^ 

Retrusion (retrude ehin) 

Temporalis (posterior oblique and near horizontal fibers) and masseter 

Lateral movements (grinding and ehevving) 

Temporalis of same side, pterygoids of opposite side, and masseter 


^The prime mover is normally gravity; these moseles are mainly aetive against resistanee. 

‘’The lateral pterygoid is the prime mover here, with minor seeondary roles played by the masseter and medial pterygoid. 




















ehapter 7 Head 


921 


To enable more than a small amonnt of depression of 
the mandible—that is, to open the month wider than jnst to 
separate the npper and lower teeth—the head of the man- 
dible and artienlar dise mnst move anteriorly on the artienlar 
snrfaee nntil the head lies inferior to the artienlar tnberele 
(a movement referred to as “translation” by dentists) (Fig. 
7.71B). If this oeenrs without depression, the ehin protrndes. 
Most often, the mandible is depressed (the month is opened) 
as the head of the mandible and artienlar dise glide toward 
the artienlar tnberele, with fnll depression possible only when 
the heads and dises are fnlly protraeted (Figs. 7.69B & D and 
7.71C). If protraetion of head and dise oeenrs nnilaterally, the 
eontralateral head rotates (pivots) on the inferior snrfaee of 
the artienlar dise in the retraeted position, permitting simple 
side-to-side ehewing or grinding movements over a small 
range (Fig. 7.71D & E). Dnring protrnsion and retrnsion 
of the mandible, the head and artienlar dise slide anteriorly 
and posteriorly on the artienlar snrfaee of the temporal bone, 
with both sides moving together (Fig. 7.71A & B). 

MUSCLES OF MASTIGATION 

TMJ movements are prodneed ehiefly by the muscles of 
mastieation. These fonr mnseles (temporal, masseter, 
and medial and lateral pterygoid mnseles) develop from 
the mesoderm of the embryonie flrst pharyngeal areh; eonse- 
quently, they are all innervated by the nerve of that areh, the 
{motor root of the) mandihnlar nerve (CN V3). The mnseles 
of mastieation are shown in isolation in Fignre 7.72 and in sitn 
in Fignres 7.68 and 7.74; their attaehments, details eoneern- 
ing their innervation, and their main aetions are deseribed in 
Table 7.11. In addition to the movements listed, stndies indi- 
eate that the snperior head of the lateral pterygoid mnsele 
is aetive dnring the retraetion movement prodneed by the 
posterior flbers of the temporalis. Traetion is applied to 
the artienlar dise so that it is not pnshed posteriorly ahead of 
the retraeting mandible. 

Generally, depression of the mandible is prodneed by 
gravity. The snprahyoid and infrahyoid mnseles are strap-like 
mnseles on eaeh side of the neek (Fig. 7.72E; Table 7.11). 
They are primarily nsed to raise and depress the hyoid bone 
and larynx, respeetively—for example, dnring swallowing 
(see ehapter 8). indireetly they ean also help depress the 
mandible, espeeially when opening the month snddenly, 
against resistanee, or when inverted (e.g., standing on one’s 
head). The platysma ean be similarly nsed. 

NEUROVASCUIiATURE OF 
INFRATEMPORAL FOSSA 

The maxillary artery is the larger of the two terminal 
branehes of the external earotid artery. It arises posterior to 
the neek of the mandible and is divided into three parts based 
on its relation to the lateral pterygoid mnsele. The three parts 
of the maxillary artery and their branehes are illnstrated in 
isolation in Fignre 7.73, and their eonrses and distribntions 


are listed in Table 7.12. Belationships of the maxillary artery 
and many of its branehes are shown in Fignre 7.74. 

The pterygoid venous plexus is loeated partly between 
the temporalis and pterygoid mnseles (Fig. 7.25). It is the 
venons equivalent of most of the maxillary artery—that is, 
most of the veins that aeeompany the branehes of the max- 
illary artery drain into this plexus. The plexus anastomoses 
anteriorly with the faeial vein via the deep faeial vein and 
snperiorly with the eavernons sinns via emissary veins. The 
extensive natnre and volnme of the pterygoid venons plexus 
is diffienlt to appreeiate in the eadaver, in which it is nsnally 
drained of blood. 

The mandibular nerve arises from the trigeminal gan- 
glion in the middle eranial fossa. It immediately reeeives the 
motor root of the trigeminal nerve and deseends throngh 
the foramen ovale into the infratemporal fossa (Fig. 7.75). 
The branehes of CN V3 are the anrienlotemporal, inferior 
alveolar, lingnal, and bneeal nerves. Branehes of CN V3 also 
snpply the fonr mnseles of mastieation bnt not the bneeina- 
tor, which is snpplied by the faeial nerve. 

The auriculotemporal nerve eneireles the middle men- 
ingeal artery and divides into nnmerons branehes, the largest 
of which passes posteriorly, medial to the neek of the man- 
dible, and snpplies sensory fibers to the anriele and temporal 
region. The anrienlotemporal nerve also sends artienlar (sen- 
sory) fibers to the TMJ (Fig. 7.69E). It eonveys postsynaptie 
parasympathetie seeretomotor fibers from the otie ganglion 
to the parotid gland. 

The inferior alveolar nerve enters the mandibnlar fora- 
men and passes throngh the mandibnlar eanal, forming the 
inferior dental plexus, which sends branehes to all mandibn- 
lar teeth on its side. Another braneh of the plexus, the mental 
nerve, passes throngh the mental foramen and snpplies the 
skin and mneons membrane of the lower lip, the skin of the 
ehin, and the vestibnlar gingiva of the mandibnlar ineisor 
teeth. 

The lingnal nerve lies anterior to the inferior alveolar 
nerve (Fig. 7.74). It is sensory to the anterior two thirds 
of the tongne, the floor of the month, and the lingnal gin- 
givae. It enters the month between the medial pterygoid 
mnsele and the ramns of the mandible and passes anteri- 
orly nnder eover of the oral mneosa, medial and inferior 
to the 3rd molar tooth. The ehorda tympani nerve, a 
braneh of CN VII earrying taste fibers from the anterior 
two thirds of the tongne, joins the lingnal nerve in the 
infratemporal fossa (Fig. 7.74B). The ehorda tympani also 
earries seeretomotor fibers for the snbmandibnlar and 
snblingnal salivary glands. 

The otie ganglion (parasympathetie) is loeatedin the infra- 
temporal fossa, jnst inferior to the foramen ovale, medial to CN 
V3 and posterior to the medial pterygoid mnsele (Fig. 7.75). 
Presynaptie parasympathetie fibers, derived mainly from 
the glossopharyngeal nerve, synapse in the otie ganglion 
(Fig. 7.66). Postsynaptie parasympathetie fibers, which are 
seeretory to the parotid gland, pass from the otie ganglion to 
this gland throngh the anrienlotemporal nerve. 
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TABLE 7.11. MUSCLES AGTING ON MANDIBLE/TEMPOROMANDIBULAR JOINT 


Muscle(s) 

Proximal Attaehment 

Distal Attaehment 

Innervation 

Aetion on Mandibie 

Muscles of mastieation: 

Temporalis 

Triangular nnuscle with 
broad attaehmentto 
floor of temporal fossa 
and deep surface of 
temporal faseia 

Narrow attaehmentto 
tip and medial surface 
of eoronoid proeess 
and anterior border of 
ramus of mandible 

Anterior 
trunk of man- 
dibular nerve 
(CN Vb) 

Via deep 
temporal 
branehes 

Elevates mandible, elosing jaws; 
posterior, more horizontal fibers 
are 1 ° retraetors of mandible 

Masseter 

Quadrate muscle 
attaehing to inferior 
border and medial 
surface of maxillary 
proeess of zygomatie 
bone and the zygo- 
matie areh 

Angle and lateral 
surface of ramus of 
mandible 

Via 

masseterie 

nerve 

Elevates mandible, elosing jaws; 
superficial fibers make limited 
contribution to protrusion of man- 
dible 

Lateral 

pterygoid 

T riangular two-headed 
muscle from ( 1 ) infra- 
temporal surface and 
erest of greater wing of 
sphenoid and ( 2 ) lat- 
eral surface of lateral 
pterygoid plate 

Superior head attaehes 
primarily to jointeap- 
sule and articular dise 
of TMJ; inferior head 
attaehes primarily to 
pterygoid fovea on 
anteromedial aspeet 
of neek of eondyloid 
proeess of mandible 

Via lateral 

pterygoid 

nerve 

Aeting bilaterally, protraets man- 
dible and depresses ehin; 
aeting unilaterally, swings jaw 
toward eontralateral side; alternate 
unilateral eontraetion produces 
larger lateral chewing movements 

Medial 

pterygoid 

Quadrangulartwo- 
headed muscle from 

( 1 ) medial surface of 
lateral pterygoid plate 
and pyramidal proeess 
of palatine bone and 

( 2 ) tuberosity of maxilla 

Medial surface of 
ramus of mandible, 
inferior to mandibular 
foramen; in essenee, 
a "mirror image"of 
ipsilateral masseter, 
two muscles flanking 
ramus 

Anterior 
trunk of man- 
dibular nerve 
(CN V 3 ) 

Via medial 

pterygoid 

nerve 

Aets synergistieally with masseter 
to elevate mandible; contributes 
to protrusion; alternate unilateral 
aetivity produces smaller grinding 
movements 

Soprahyoid muscles: 

Digastrie 

Base of cranium 

Hyoid bone 

Faeial and mandibular nerves 

Depresses mandible against 
resistanee when infrahyoid 
muscles fix or depress hyoid 
bone 

Stylohyoid 

Styloid proeess 

Faeial nerve 

Mylohyoid 

Medial body of 
mandible 

Mandibular nerve 

Geniohyoid 

Anterior body of 
mandible 

Nerve to geniohyoid (Cl-C2) 

Infrahyoid muscles: 

Omohyoid 

Scapula 

Hyoid bone 

Ansa eerviealis from eervieal 
plexus (Cl-C3) 

Fixes ordepresses hyoid bone 

Sternohyoid 

Manubrium of sternum 

Sternothyroid 

Thyroid eartilage 

Thyrohyoid 

Thyroid eartilage 

Hyoid bone 

C1 (via hypoglossal n.-CN XII) 

Muscle of faeial expression: 

Platysma 

Subcutaneous tissue 
of infraclavicular and 
supraclavicular regions 

Base of mandible, skin 
of eheek and lower 
lip, angle of mouth 
(modiolus), and 
orbicularis oris 

eervieal braneh of faeial 
nerve (CN VII) 

Depresses mandible against 
resistanee 
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TABLE 7.12. PARTS AND BRANGHES OF MAXILLARY ARTERY 


Part 1 Course j Branehes 

Distributìon 

First (mandibular) 

Proximal (posterior) to lateral 
pterygoid muscle; runs horizontally, 
deep (medial) to neek of eondylar 
proeess of mandible and lateral to 
stylomandibular ligament 

Deep auricular artery 

Supplies external acoustic meatus, external tympanie 
membrane, and temporomandibular joint 

Anterior tympanie 
artery 

Supplies internal aspeetof tympanie membrane 

Middle meningeal 
artery 

E nters eranial eavity via foramen spinosum to supply 
periosteum, bone, red bone marrovv, dura materof 
iateral vvall and ealvaria of neurocranium, trigeminal 
ganglion, faeial nerve and geniculate ganglion, 
tympanie eavity, and tensortympani muscle 

Aeeessory meningeal 
artery 

Enters eranial eavity via foramen ovale; its 
distribution is mainly extracranial to muscles of infra- 
temporal fossa, sphenoid bone, mandibular nerve, 
and otie ganglion 

Inferior alveolar artery 

Deseends to enter mandibular eanal of mandible via 
mandibular foramen; supplies mandible, mandibular 
teeth, ehin, mylohyoid muscle 

Seeond 

(pterygoid) 

Adjaeent (superficial or deep) to 
lateral pterygoid muscle; aseends 
obliquely anterosuperiorly, medial 
to temporalis muscle 

Masseterie artery 

Traverses mandibular noteh, supplying temporoman- 
dibular jointand masseter muscle 

Deep temporal 
arteries 

Anteriorand posterior arteries aseend betvveen 
temporalis muscle and bone of temporal fossa, 
supplying mainly muscle 

Pterygoid branehes 

lrregular in number and origin; supply pterygoid 
muscle 

Buccal artery 

Runs antero-inferiorly vvith buccal nerve to supply 
buccal fat-pad, buccinator, and buccal oral mucosa 

Third (pterygoid- 
paiatine) 

Distal (anteromedial) to lateral 
pterygoid muscle; passes betvveen 
heads of lateral pterygoid and 
through pterygomaxillary fissure 
into pterygopalatine fossa 

Posterior superior 
alveolar artery 

Deseends on maxilla's infratemporal surface vvith 
branehes traversing alveolar eanals to supply maxil- 
lary molar and premolar teeth, adjaeent gingiva, and 
mucous membrane of maxillary sinus 

Infra-orbital artery 

Traverses inferior orbital fissure, infra-orbital groove, 
eanal, and foramen; supplies inferior oblique and 
rectus muscles, laerimal sae, maxillary eanines and 
ineisors teeth, mucous membrane of maxillary sinus, 
and skin of infra-orbital region offaee 

Artery of pterygoid 
eanal 

Passes posteriorly through pterygoid eanal; supplies 
mucosa of upper pharynx, pharyngotympanie tube, 
and tympanie eavity 

Pharyngeal braneh 

Passes through palatovaginal eanal to supply 
mucosa of nasal roof, nasopharynx, sphenoidal air 
sinus, and pharyngotympanie tube 

Deseending palatine 
artery 

Deseends through palatine eanal, dividing into 
greater and lesser palatine arteries to mucosa and 
glands of hard and soft palate 

Sphenopalatine artery 

Terminal braneh of maxillary artery, traverses sphe- 
nopalatine foramen to supply vvalls and septum of 
nasal eavity; frontal, ethmoidal, sphenoid, and maxil- 
lary sinuses; and anteriormost palate 
























Temporalis 


Deep temporal arteries 
and nerves 

Auriculotemporal nerve 

Lateral pterygoid 
(superìor head) 

Nerve and artery 
to masseter 

Lateral pterygoìd 
(inferior head) 


Superficial temporal artery 


Maxillary artery (1st part) 


External earotid artery 


Sphenomandibular 

ligament 

Mylohyoid nerve 


Inferior alveolar nerve 
and artery 


Medial pterygoid 


Lingual nerve 



(A) Lateral view 


Maxillary nerve (CN V^) 

Posterior superior alveolar artery 
and nerve 

Maxillary artery (3rd part) 

Buccal nerve and artery 
Parotid duct 
Buccal glands 

Buccinator 

Branehes to gingivae (gums) 


Deep temporal nerves, 
to temporalis muscle 

Nerve to masseter 

Nerve to lateral 
pterygoid 

Mandibular nerve 

(CN V 3 ) 

Middle meningeal 
a rte ry 

Auriculotemporal nerve 
Ghorda tympani 


Sphenomandibular 

ligament 


Maxillary artery 

(Ist part) 


Inferior alveolar nerve 


Mylohyoid nerve 

Medial pterygoid 


Lingual nerve 



Maxillary nerve (CN V^) 
Sphenopalatine artery 


Infra-orbital nerve and artery 
Posterior superior alveolar nerve 
Deseending palatine artery 


Branehes to gingivae (gums) 

Maxillary artery 

(2nd and 3rd parts) 

Buccal nerve 


Buccinator 


Branehes to gingivae 


(B) Lateral view 



FIGIJRE 7.74. Dìsseetìons of infratemporal region. A. In this superfìcial disseetion, most ofthe zygomatie areh and attaehed masseter, the eoronoid pro- 
eess and adjaeent parts of the ramus of the mandible, and the inferior half of the temporal muscle have been removed. The first part of the maxillary artery, 
the larger of the two end branehes of the external earotid, run anteriorly, deep to the neek of the mandible and then pass deeply between the lateral and the 
medial pterygoid muscles. B. In this deep disseetion, more ofthe ramus ofthe mandible, the lateral pterygoid muscle, and most branehes ofthe maxillary 
artery have been removed. Branehes of the mandibular nerve (CN V3), including the auriculotemporal nerve, and the seeond part of the maxillary artery pass 
between the sphenomandibular ligament and the neek ofthe mandible. 
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FIGIJRE 7.75. Nerves of infratemporal fossa. 


PAROTID AND TEMPORAL 
REGIONS, INFRATEMPORAL FOSSA, 
AND TEMPOROMANDIBULAR JOINT 



Parotideetomy 

About 80% of salivaiy gland tumors occur in the 
parotid glands. Most tnmors of the parotid glands are 
benign, but most salivaiy gland eaneers begin in the 
parotid glands. Snrgieal excision of the parotid gland {parotidee- 
tomy) is often performed as part of the treatment. Beeanse the 
parotid plexus of CN VII is embedded in the parotid gland, the 
plexus and its branehes are in jeopardy dnring snrgery (see Fig. 
7.23A & e). An important step in parotideetomy is the identifi- 
eation, disseetion, isolation, and preservation of the faeial nerve. 
A snperfieial portion of the gland (often erroneonsly referred to 
as a “lobe”) is removed, after which the parotid plexus, which 
occupies a distinet plane within the gland, ean be retraeted to 
enable disseetion of the deep portion of the gland. The parotid 
gland makes a snbstantial eontribntion to the posterolateral eon- 
tour of the faee, the extent of its eontribntion being espeeially 
evident after it has been snrgieally removed. See the blue box 
'Taralysis of Faeial Muscles” (p. 861) for a discussion of the 
fiinetional consequences of injnry to the faeial nerve. 


infeetion of Parotid Gland 


swelling. Often the pain is worse dnring chewing beeanse the 
enlarged gland is wrapped aronnd the posterior border of the 
ramus of the mandible and is eompressed against the mastoid 
proeess of the temporal bone when the mouth is opened. The 
mumps vims may also cause ìnflammatìon of the parotid duet, 
producing redness of the parotid papilla, the small projeetion at 
the opening of the duct into the snperior oral vestibnle (Fig. 
7.65, p. 915). Beeanse the pain prodneed by mumps may be 
eonfiised with a toothaehe, redness of the papilla is often an early 
sign that the disease involves the parotid gland and not a tooth. 

Parotid gland disease often eanses pain in the anriele and 
external aeonstie meatns of the external ear, the temporal 
region, and TMJ beeanse the auriculotemporal and great 
auricular nerves, from which the parotid gland and sheath 
reeeives sensory fibers, also snpplies sensory fibers to the skin 
over the temporal fossa and anriele. 


Abseess in Parotid Gland 



A baeterial infeetion loealized in the parotid gland 
usually produces an abseess (pus formation). The 
infeetion could result from extremely poor dental 
hygiene, and the infeetion could spread to the gland throngh 
the parotid ducts. Physieians and dentists must determine 
whether a swelling of the eheek resnlts from infeetion of the 
parotid gland or from an abseess of dental origin. 


The parotid gland may beeome infeeted by infeetions 
agents that pass throngh the bloodstream, as oeenrs in 
mamps, anacutecommunicableviraldisease. infeetion 
of the gland eanses infiammation (parotiditis) and swelling of 
the gland. Severe pain oeenrs beeanse the parotid sheath limits 



Sìalography of Parotìd Duct 



A radiopaque fiuid ean be injeeted into the duct sys- 
tem of the parotid gland throngh a eannnla inserted 
throngh the orifiee of the parotid duct in the mucous 
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membrane of the eheek. This teehnique {sialography) is fol- 
lowed by radiography of the gland. Parotid sialograms (G. 
sialon, saliva + G. grapho, to write) demonstrate parts of the 
parotid duet system that may be displaeed or dilated by disease. 


Bloekage of Parotìd Duct 

The parotid duct may be bloeked by a ealeified 
deposit, cdl\ed Sisialolith or calculus (L. pebble). The 
resulting pain in the parotid gland is made worse by 
eating. Sneking a lemon sliee is painfiil beeanse of the buildup 
of saliva in the proximal part of the bloeked parotid duct. 



Aeeessory Parotìd Gland 


Sometimes an aeeessory parotid gland lies on the 
masseter muscle between the parotid duct and the 
zygomatie areh. Several ducts open from this aeees- 
sory gland into the parotid duct. 



Mandibular Nerve Bloek 

To produce a mandibular nerve bloek, an anesthetie 
agent is injeeted near the mandibnlar nerve where it 
enters the infratemporal fossa (Fig. 7.67B). In the 
extra-oral approaeh, the needle passes throngh the mandibnlar 
noteh of the ramus of the mandible into the infratemporal 
fossa. The injeetion usually anesthetizes the auriculotemporal, 
inferior alveolar, lingnal, and buccal branehes of GN V3. 

Inferior Alveolar Nerve Bloek 

An inferior alveolar nerve bloek anesthetizes the 
inferior alveolar nerve, a braneh of GN V3. The site 
of the anesthetie injeetion is around the mandihular 
foramen, the opening into the mandibnlar eanal on the 
medial aspeet of the ramus of the mandible (Fig. 7.75). This 
eanal gives passage to the inferior alveolar nerve, artery, and 
vein. When this nerve bloek is successful, all mandibular 
teeth are anesthetized to the median plane. The skin and 
mucous membrane of the lower lip, the labial alveolar 
mucosa and gingivae, and the skin of the ehin are also anes- 
thetized beeanse they are snpplied by the mental nerve, a 
braneh of the inferior alveolar nerve (Fig. 7.79A). There are 
possible problems assoeiated with an inferior alveolar nerve 
bloek, such as injeetion of the anesthetie into the parotid 
gland or the medial pterygoid muscle. This would affeet abil- 
ity to open the mouth {pterygoid tnsmus) 

Disloeation of TMJ 

Sometimes during yawning or taking a large bite, 
excessive eontraetion of the lateral pterygoids may 
cause the heads of the mandible to disloeate anteri- 
orly (pass anterior to the artienlar tnbereles) (Fig. B7.31). In 
this position, the mandible remains depressed and the person 
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FIGIJRE B7.31. Disloeation ofTMJ. 


is unable to elose his or her mouth. Most eommon, a sideways 
blow to the ehin by a elenehed hand (fist) when the mouth is 
open disloeates the TMJ on the side that reeeived the blow. 
Disloeation of the TMJ may also aeeompany fraetnres of the 
mandible. Posterior disloeation is nneommon, being resisted by 
the presenee of the postglenoid tnberele and the strong intrin- 
sie lateral ligament. Usually in falls on or direet blows to the 
ehin, the neek of the mandible fraetnres before disloeation 
occurs. Because of the elose relationship of the faeial and auric- 
ulotemporal nerves to the TMJ, eare must be taken during sur- 
gieal procedures to preserve both the branehes of the faeial 
nerve overlying it and the artienlar branehes of the auriculo- 
temporal nerve that enter the posterior part of the joint. Injury 
to articular branehes of the auriculotemporal nerve snpplying 
the TMJ, assoeiated with tranmatie disloeation and rupture of 
the articular capsule and lateral ligament, leads to laxity and 
instability of the TMJ. 


Arthrìtis of TMJ 

The TMJ may beeome infiamed from degenerative 
arthritis, for example. Abnormal firnetion of the TMJ 
may result in structural problems such as dental 
oeelnsion and joint elieking {crepitus). The elieking is thonght 
to result from delayed anterior dise movements during man- 
dibnlar depression and elevation. 
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The Bottom Lìne 


PAROTID AND TEMPORAL REGIONS, INTRATEMPORAL 
FOSSA, AND TEMPOROMANDIBULAR JOINT 

Parotìd regìon: The largest ofthe salivary glands, the parotid 
gland makes a substantial contribution to the contour of the 
faee. ♦ Occupying a complex spaee anterior to the auricle of 
the ear, the gland straddles most of the posterior aspeet of 
the ramus ofthe mandible. ♦ Fatty tissue in the gland gives it 
flexibility to aeeommodate the motions ofthe mandible. 

♦ The parotid duct passes anteriorly aeross the masseter, paral- 
lel and about a finger’s breadth inferior to the zygomatie areh, 
and then turns medially to enterthe superiororal vestibule 
opposite the 2nd maxillary molar. ♦ Parotid faseia, continuous 
with the investing layer of deep eervieal faseia, invests the gland 
as the parotid sheath. ♦ The sheath is innervated by the great 
auricular nerve, but the gland reeeives parasympathetie seereto- 
motor innervation from the glossopharyngeal nerve via a eom- 
plex route involving the otie ganglion. ♦ Medial and anterior 
to the parotid gland, one ofthe muscles of mastieation—the 
masseter—lies lateral to the ramus of the mandible, reeeiving 
its innervation via masseterie branehes of the mandibular nerve 
and maxillary artery that traverse the mandibular noteh. 

Temporal and ìnfratemporal fossa: The temporal 
fossa and its inferior continuation deep to the zygomatie areh 
and ramus of the mandible, the infratemporal fossa, are largely 
occupied by derivatives of the embryonie first pharyngeal areh: 
three of the four muscles of mastieation (temporalis muscle 
and two pterygoid muscles) and the nerve that eonveys motor 
fibers to them, the mandibular nerve (CN V3). 

TMJ and mnseles of mastìeatìon: TheTMJ is a hinge 
Joint, modified by the presenee of an articular dise that 


intervenes between the mandibular head and the articu- 
lar surfaces of the temporal bone. ♦ Gliding movements 
between the mandibular fossa and articular eminenee occur 
in the upper eompartment and are produced by the lateral 
pterygoid (protraetion) and posterior fibers ofthe tempo- 
ralis (retraetion). ♦ The mandible must be protraeted for 
full opening of the mouth. ♦ Hinge and pivoting movements 
occur in the lower eompartment and are produced by gravity 
(depression) and three of the four muscles of mastieation 
(elevation): masseter, medial pterygoid, and anterior portion 
of the temporalis. 

Neurovasculature of ìnfratemporal fossa: Also 
eontained in the infratemporal fossa is the seeond part of 
the maxillary artery and its venous equivalent, the pterygoid 
venous plexus. ♦ Adjaeent eranial eompartments communi- 
eate with the fossae, and neurovascular structures pass 
to and from the fossae via bony passages, including the 
( 1 ) foramen ovale, through which the mandibular nerve enters 
from the middle eranial fossa; ( 2 ) foramen spinosum, through 
which the middle meningeal artery enters and the meningeal 
braneh of CN V 3 returns to the middle eranial fossa; 

(3) pterygomaxillary fissure, through which the maxillary 
artery passes into the pterygopalatine fossa for further 
distribution; (4) inferior orbital fissure, through which the 
inferior ophthalmie veins drain to the pterygoid venous plexus; 
and (5) mandibular foramen, through which the inferior 
alveolar nerve passes to mandibular eanal for distribution to 
the mandible and teeth. 


ORAL REGION 


The oral region includes the oral eavity, teeth, gingivae, 
tongne, palate, and the region of the palatine tonsils. The 
oral eavity is where food is ingested and prepared for diges- 
tion in the stomaeh and small intestine. Food is chewed by 
the teeth, and saliva from the salivary glands faeilitates the 
formation of a manageable/ooíi holus (L. Inmp). Deglntition 
(swallowing) is volnntarily initiated in the oral eavity. The vol- 
nntary phase of the proeess pnshes the bolns from the oral 
eavity into the pharynx, the expanded part of the alimentary 
(digestive) system, where the involnntary (antomatie) phase 
of swallowing oeenrs. 

Oral Gavìty 

The oral eavity (mouth) eonsists of two parts: the oral ves- 
tihnle and the oral eavity proper (Fig. 7.76). It is in the oral 
eavity that food and drinks are tasted and where mastieation 
(chewing) and lingnal manipnlation of food oeenr. The oral 
vestibule is the slit-like spaee between the teeth and gingivae 


(gnms) and the lips and eheeks. The vestibnle eommnnieates 
with the exterior throngh the oral fissure (opening). The 
size of the fìssnre is eontrolled by the peri-oral mnseles, sneh 
as the orbienlaris oris (the sphineter of the oral fìssnre), the 
bneeinator, risorins, and depressors and elevators of the lips 
(dilators of the fìssnre). 

The oral eavity proper is the spaee between the npper 
and the lower dental arehes or areades (maxillary and man- 
dibnlar alveolar arehes and the teeth they bear). The oral eav- 
ity is limited laterally and anteriorly by the dental arehes. The 
roof of the oral eavity is formed by the palate. Posteriorly, the 
oral eavity eommnnieates with the oropharynx (oral part of 
the pharynx). When the month is elosed and at rest, the oral 
eavity is fnlly oeenpied by the tongne. 

Lips, Gheeks, and Gingivae 

LIPS AND GHEEKS 

The lips are mobile, mnsenlofìbrons folds snrronnding the 
month, extending from the nasolahial sulei and nares lat- 
erally, and snperiorly to the mentolahial sulcus inferiorly 
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FIGIJRE 7.76. Goronal seetìon of 
mouth region. The orientation dravving 
shovvs the plane of the seetion. During 
chewing, the tongue (eentrally), buc- 
einator (laterally), and orbicularis oris 
(anteriorly) work together to retain the 
bolus of food between the occlusive sur- 
faees ofthe molarteeth. 
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(Fig. 7.77). They eontain the orbienlaris oris and snperior 
and inferior labial mnseles, vessels, and nerves (Fig. 7.16). 
The lips are eovered externally by skin and internally by 
mneons membrane. The lips fnnetion as the valves of the 
oral jìssnre, eontaining the sphineter (orbienlaris oris) that 
eontrols entry and exit from the month and npper alimentary 
and respiratory traets. The lips are nsed for grasping food, 
sneking liquids, keeping food ont of the vestibnle, forming 
speeeh, and osenlation (kissing). 

The transitional zone of the lips (eommonly eonsidered 
by itself to be the lip), ranging from brown to red, eontinnes 
into the oral eavity where it is eontinnons with the mneons 
membrane of the month (labial mneosa). This membrane 
eovers the intra-oral, vestibnlar part of the lips (Fig. 7.78). 


Philtmm 
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Anterior view 

FIGIJRE 7.77. Lymphatìe draìnage of lips. Lymph from the upper lip 
and lateral parts ofthe lower lip drains to the submandibular nodes. 

Lymph from the middle part of the lower lip drains to the submental nodes. 


The labìal frenula are free-edged folds of mneons mem- 
brane in the midline, extending from the vestibnlar gingiva 
to the mneosa of the npper and lower lips; the one extending 
to the npper lip is larger. Other smaller frennla sometimes 
appear laterally in the premolar vestibnlar regions. 

The saperior and inferior labial arteries, branehes of 
the faeial arteries, anastomose with eaeh other in the lips to 
form an arterial ring (Fig. 7.24; Table 7.5). The pnlse of these 
arteries may be palpated by grasping the npper or lower lip 
lightly between the first two digits. The npper lip is snpplied 
by snperior labial branehes of the faeial and infra-orhital 
arteries. The lower lip is snpplied by inferior labial branehes 
of thefaeial and mental arteries. 

The npper lip is snpplied by the snperior labial branehes 
of the infra-orhital nerves (of CN V^), and the lower lip is 
snpplied by the inferior labial branehes of the mental nerves 
(of CN Vs). Lymph from the npper lip and lateral parts of the 
lower lip passes primarily to the snhmandihnlar lymph nodes 
(Fig. 7.77), whereas lymph from the medial part of the lower 
lip passes initially to the snhmental lymph nodes. 

The eheeks (L. hneeae) have essentially the same strne- 
tnre as the lips with which they are eontinnons. The eheeks 
form the movable walls of the oral eavity. Anatomieally, the 
external aspeet of the eheeks eonstitntes the hneeal region, 
bonnded anteriorly by the oral and mental regions (lips and 
ehin), snperiorly by the zygomatie region, posteriorly by the 
parotid region, and inferiorly by the inferior border of the 
mandihle (Fig. 7.14). The prominenee of the eheek oeenrs at 
the jnnetion of the zygomatie and bneeal regions. The zygo- 
matie bone nnderlying the prominenee and the zygomatie 
areh, which eontinnes posteriorly, are eommonly referred 
to as the “eheek bone” (Fig. 7.3). Lay persons eonsider the 
zygomatie and parotid regions also to be part of the eheek. 
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FIGIJRE 7.78. Oral vestìbule and gingivae. A. The vestibule and gingivae of the maxilla are shovvn. B. The vestibule and gingivae of the mandible are 
shovvn. As the alveolar mucosa approaehes the neeks ofthe teeth, it ehanges in texture and eolor to beeome the gingiva proper. (Courtesy of Dr. B. Liebgott, 
Professor, Division ofAnatomy, Department ofSurgery, Llniversity ofToronto, Toronto, Ontario, Ganada.) 


The prineipal mnseles of the eheeks are the bneeinators 
(Figs. 7.76). Nnmerons small buccal glands lie betvveen the 
mneons membrane and the bneeinators (Fig. 7.74A). Snper- 
fieial to the bneeinators are eneapsnlated eolleetions of fat; 
these hneeal fat-pads are proportionately mneh larger in 
infants, presnmably to reinforee the eheeks and keep them 
from eollapsing dnring sneking. The eheeks are snpplied 
by bneeal branehes of the maxillary artery and innervated 
by bneeal branehes of the mandibnlar nerve. 

GINGIVAE 

The gingivae (gnms) are eomposed of fibrons tissne eovered 
with mneons membrane. The gingiva proper (attaehed gin- 
giva) is firmly attaehed to the alveolar proeesses of the man- 
dible and maxilla and the neeks of the teeth (Figs. 7.76 and 
7.78). The gingiva proper adjaeent to the tongne is the snpe- 
rior and inferior lingnal gingivae, and that adjaeent to the 
lips and eheeks is the mavillary and mandibnlar labial or 
bneeal gingiva, respeetively. The gingiva proper is normally 


pink, stippled, and keratinizing. The alveolar mneosa 
(nnattaehed gingiva) is normally shiny red and non-keratin- 
izing. The nerves and vessels snpplying the gingiva, nnderly- 
ing alveolar bone, and perìodontìum (which snrronnds the 
root[s] of a tooth, anehoring it to the tooth soeket), are pre- 

sented in Fig. 7.79A & C. 

Teeth 

The ehieffanetions of teeth are to: 

• ineise (ent), rednee, and mix food material with saliva 
dnring mastieation (chewing). 

• Help snstain themselves in the tooth soekets by assisting 
the development and proteetion of the tissnes that snp- 
port them. 

• Partieipate in artienlation (distinet eonneeted speeeh). 

The teeth are set in the tooth soekets and are nsed in mastiea- 
tion and in assisting in artienlation. A tooth is identified and 
deseribed on the basis of whether it is deciduous (primary) 
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FIGIJRE 7.79. Innervation of teeth and gingiva. A. Superior and inferior alveolar nerves. B. Surfaces of an ineisor and molar tooth. C. Innervation of the 
mouth and teeth. 
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or permanent (seeondary), the type of tooth, and its prox- 
imity to the midline or front of the month (e.g., medial and 
lateral ineisors; the Ist molar is anterior to the 2nd). 

ehildren have 20 deeidnons teeth; adnlts normally have 
32 permanent teeth (Fig. 7.80A & C). The nsnal ages of 
the ernption (“entting”) of these teeth are demonstrated in 
Fignre 7.81 and listed in Table 7.13. Before ernption, the 
developing teeth reside in the alveolar arehes as tooth buds 

(Fig. 7.80B). 

The types of teeth are identified by their eharaeteristies: 
ineisors, thin entting edges; eanines, single prominent 
eones; premolars (bienspids), two ensps; and molars, three 
or more ensps (Fig. 7.80A & C). The vestibnlar snrfaee 
(labial or bneeal) of eaeh tooth is direeted outwardly, and the 
lingnal snrfaee is direeted inwardly (Fig. 7.79B). As nsed 


in elinieal (dental) praetiee, the mesial snrfaee of a tooth is 
direeted toward the median plane of the faeial part of the era- 
ninm. The distal snrfaee is direeted away from this plane; 
both mesial and distal snrfaees are eontaet snrfaees —that is, 
snrfaees that eontaet adjaeent teeth. The mastieatory snrfaee 
is the oeelnsal snrfaee. 

PARTS AND STRUCTURE OF TEETH 

A tooth has a erown, neek, and root (Fig. 7.82). The crown 
projeets from the gingiva. The neek is between the crown 
and root. The root is fixed in the tooth soeket by the 'perì- 
odontinm (eonneetive tissne snrronnding roots); the nnmber 
of roots varies. Most of the tooth is eomposed of dentine 
(L. dentininm), which is eovered by enamel over the crown 



(A) Right anterolateral view 



(B) Left anterolateral view 



(C) Panoramie view 


FIGIJRE 7.80. Seeondary dentìtìon. A. The teeth are shovvn in occlusion. There is a supernumerary midline tooth (mesiodens) in this speeimen (*). 

B. Maxillary and mandibular javvs of a ehild acquiring seeondary dentition are shovvn. The alveolar proeesses are earved to reveal the roots of the teeth 
and tooth buds. C. A pantomographie radiograph of an adult mandible and maxilla is sho\A/n. The left \ower 3rd molar is not present. /, ineisor; C, eanine; 
PM, premolar; M1, M2, and M3, 1st, 2nd, and 3rd molars. (PartC courtesy of M. j. Pharoah, Assoeiate Professor of Dental Radiology, Faculty of Dentistry, 
Llniversity ofToronto, Toronto, Ontario, Ganada.) 
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TABLE 7.13A. DECIDUOUS TEETH 


Deciduous Teeth 

1 Gentral ineisor | 

Lateral ineisor 

Ganine 

IstMolar 

2nd Molar | 

Eruption (months)^ 

6-8 

8-10 

16-20 

12-16 

20-24 

Shedding (years) 

6-7 

7-8 

10-12 

9-11 

10-12 


3 In some normal infants, the firstteeth (medial ineisors) may noteropt until 12-13 months of age. 
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FIGURE 7.81. Primary dentition (deciduous teeth) and eruption of permanent teeth. 


TABLE 7.13B. PERMANENT TEETH 


PermanentTeeth 

1 

Gentral ineisor 

Lateral ineisor 

Ganine 

Ist 

Premolar 

2nd i 

Premolar 

IstMolar 

2nd Molar 

3rd Molar 

Eruption (years) 

7-8 

8-9 

10-12 

10-11 

11-12 

6-7 

12 

13-25 
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FIGIJRE 7.82. Seetìons of teeth. A. An ineisor and a molar are shovvn. 

In living people, the pulp eavity is a hollovv spaee vvithin the erovvn and neek 
of the tooth eontaining eonneetive tissue, blood vessels, and nerves. The 
eavity narrovvs dovvn to the root eanal in a single-rooted tooth orto one 
eanal per root of a multirooted tooth. The vessels and nerves enter or leave 
through the apieal foramen. B. Bite-v\/ing radiograph of maxillary premolar 
and molarteeth demonstrating features shovvn and deseribed in part A. 


and eement (L. eementnm) over the root. The pulp eavity 
eontains eonneetive tissne, blood vessels, and nerves. The 
root eanal (pnlp eanal) transmits the nerves and vessels to 
and from the pnlp eavity throngh the apieal foramen. 

The tooth soekets are in the alveolar proeesses of the 
maxillae and mandible (Fig. 7.80A); they are the skeletal 
featnres that display the greatest ehange dnring a lifetime 
(Fig. 7.81B). Adjaeent soekets are separated by interalveo- 
lar septa; within the soeket, the roots of teeth with more 
than one root are separated by interradienlar septa (Figs. 
7.81B and 7.82B). The bone of the soeket has a thin cortex 
separated from the adjaeent labial and lingnal eortiees by a 


variable amonnt of trabeenlated bone. The labial wall of the 
soeket is partienlarly thin over the ineisor teeth; the reverse 
is trne for the molars, where the lingnal wall is thinner. Thns 
the labial snrfaee eommonly is broken to extract ineisors and 
the lingnal snrfaee is broken to extract molars. 

The roots of the teeth are eonneeted to the bone of the alve- 
olns by a springy snspension forming a speeial type of fìbrons 
joint ealled a dento-alveolar syndesmosis or gomphosis. 
The periodontinm (periodontal membrane) is eomposed of 
eollagenons fìbers that extend between the eement of the root 
and the periostenm of the alveolns. It is abnndantly snpplied 
with taetile, pressoreeeptive nerve endings, lymph eapillaries, 
and glomernlar blood vessels that aet as hydranlie enshioning 
to enrb axial mastieatory pressnre. Pressoreeeptive nerve end- 
ings are eapable of reeeiving ehanges in pressnre as stimnli. 

VASCUIiATURE OF TEETH 

The snperior and inferior alveolar arteries, branehes of the 
maxillary artery, snpply the maxillary and mandibnlar teeth, 

respeetively (Figs. 7.73 and 7.74A; Table 7.12). The alveolar 
veins have the same names and distribntion aeeompany the 
arteries. Lymphatie vessels from the teeth and gingivae pass 
mainly to the snhmandihnlar lymph nodes (Fig. 7.77). 

INNERVATION OF TEETH 

The nerves snpplying the teeth are illnstrated in Fignre 
7.79A. The named branehes of the snperior (CN V^) and 
inferior (CN V 3 ) alveolar nerves give rise to dental plexuses 
that snpply the maxillary and mandibnlar teeth. 

Palate 

The palate forms the arehed roof of the month and the fìoor 
of the nasal eavities (Fig. 7.83). It separates the oral eavity 
from the nasal eavities and the nasopharynx, the part of the 
pharynx snperior to the soft palate. The snperior (nasal) snr- 
faee of the palate is eovered with respiratory mneosa, and the 
inferior (oral) snrfaee is eovered with oral mneosa, densely 
paeked with glands. The palate eonsists of two regions: the 
hard palate anteriorly and the soft palate posteriorly. 

HARD PALATE 

The hard palate is vanlted (eoneave); this spaee is mostly fìlled 
by the tongne when it is at rest. The anterior two thirds of the 
palate has a bony skeleton formed by the palatine proeesses 
of the maxillae and the horizontal plates of the palatine bones 
(Fig. 7.84A). The ineisive fossa is a depression in the midline 
of the bony palate posterior to the eentral ineisor teeth into 
which the ineisive eanals open. The nasopalatine nerves pass 
from the nose throngh a variable nnmber of ineisive eanals and 
foramina that open into the ineisive fossa (Fig. 7.87B). 

Medial to the 3rd molar tooth, the greater palatine fora- 
men pierees the lateral border of the bony palate (Fig. 7.84A). 
The greater palatine vessels and nerve emerge from this 
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FIGIJRE 7.83. Median seetion of head and neek. The airway and food passageways eross in the pharynx. The soft palate aets as a valve, elevating to seal 
the pharyngeal isthmus eonneeting the nasal eavity and nasopharynx with the oral eavity and oropharynx. 


foramen and run anteriorly on the palate. The lesser palatine 
foramina posterior to the greater palatine foramen pieree 
the pyramidal proeess of the palatine bone. These foramina 
transmit the lesser palatine nerves and vessels to the soft pal- 
ate and adjaeent struetures (Fig. 7.87). 

SOFT PALATE 

The soft palate is the movable posterior third of the palate 
and is snspended from the posterior border of the hard palate 
(Figs. 7.83 and 7.84B). The soft palate has no bony skeleton; 
hovvever, its anterior aponenrotie part is strengthened by the 
palatine aponenrosis, whieh attaehes to the posterior edge 
of the hard palate. The aponenrosis is thiek anteriorly and 
thin posteriorly, where it blends with a posterior mnsenlar 
part. Postero-inferiorly, the soft palate has a eurved free mar- 
gin from whieh hangs a eonieal proeess, the nvnla. 

When a person swallows, the soft palate initially is tensed 
to allow the tongue to press against it, squeezing the bolus 
of food to the baek of the mouth. The soft palate is then ele- 
vated posteriorly and snperiorly against the wall of the phar- 
ynx, thereby preventing passage of food into the nasal eavity. 

Laterally, the soft palate is continuous with the wall of 
the pharynx and is joined to the tongne and pharynx by the 
palatoglossal and palatopharyngeal arehes, respeetively 
(Fig. 7.83). A few taste buds are loeated in the epithelmm 
eovering the oral snrfaee of the soft palate, the posterior wall 
of the oropharynx, and the epiglottis. 


The fanees (L. throat) is the spaee between the oral eavity 
and the pharynx. The fanees is bonnded snperiorly by the soft 
palate, inferiorly by the root of the tongne, and laterally by 
the pillars of the fanees, the palatoglossal and palatopha- 
ryngeal arehes. The isthmns of the fanees is the short eon- 
strieted spaee that establishes the eonneetion between the 
oral eavity proper and oropharynx. The isthmns is bonnded 
anteriorly by the palatoglossal folds and posteriorly by the 
palatopharyngeal folds. The palatine tonsils, often referred 
to as “the tonsils,” are masses of lymphoid tissne, one on eaeh 
side of the oropharynx. Eaeh tonsil is in a tonsillar sinns 
(fossa), bonnded by the palatoglossal and palatopharyngeal 
arehes and the tongne. 

SUPERFICIAL FEATURES OF PALATE 

The mneosa of the hard palate is tightly bound to the 
nnderlying bone (Fig. 7.85A); consequently, submucous 
injeetions here are extremely painfnl. The snperior lingnal 
gingiva, the part of the gingiva eovering the lingnal snrfaee 
of the teeth and the alveolar proeess, is continuous with the 
mucosa of the palate; therefore, injeetion of an anesthetie 
agent into the gingiva of a tooth anesthetizes the adjaeent 
palatal mneosa. 

Deep to the mneosa are mucus-secreting palatine 
glands (Fig. 7.85B). The openings of the ducts of these 
glands give the palatine mneosa a pitted (orange-peel) 
appearanee. In the midline, posterior to the maxillary ineisor 
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FIGITRE 7.84. Palate. The bones and structures of the hard palate and soft palate are shown. The palate has bony (A), aponeurotic, and muscular parts 
(B). The mucosa has been removed on eaeh side of the palatine raphe in part B. The palatine aponeurosis is formed by the merging of the fìattened 
tendons of the right and left tensor veli palatini muscles. Before they beeome fìattened, eaeh tendon uses the pterygoid hamulus as a troehlea or pulley, 
redireeting its line of pull approximately 90°. 


teeth, is the ineisive papilla. This elevation of the 
mneosa lies direetly anterior to the nnderlying ineisive 
fossa. 

Radiating laterally from the ineisive papilla are several 
parallel transverse palatine folds or rngae (Fig. 7.85). 
These folds assist with manipnlation of food dnring mastiea- 
tion. Passing posteriorly in the midline of the palate from 
the ineisive papilla is a narrow whitish streak, the palatine 
raphe. It may present as a ridge anteriorly and a groove pos- 
teriorly. The palatine raphe marks the site of fnsion of the 
embryonie palatal proeesses (palatal shelves) (Moore et al. 
2012). Yon ean feel the transverse palatine folds and the pala- 
tine raphe with yonr tongne. 


MUSCLES OF SOFT PALATE 

The soft palate may be elevated so that it is in eontaet with 
the posterior wall of the pharynx. This eloses the isthmns 
of the pharynx, requiring that one breathes throngh the 
month. The soft palate may also be drawn inferiorly so that it 
is in eontaet with the posterior part of the tongne. This eloses 
the isthmns of thefanees, so that expired air passes throngh 
the nose (even when the month is open) and prevents snb- 
stanees in the oral eavity from passing to the pharynx. Tens- 
ing the soft palate pnlls it tight at an intermediate level so that 
the tongne may pnsh against it, eompressing mastieated food 
and propelling it into the pharynx for swallowing. 















ehapter 7 Head 


937 



Transverse palatine 
folds 


Superior linguinal 
gingiva 


Mucosa of 
hard palate 


Palatine raphe 



Antero-ìnferior view 


Superior buccal gingiva 


Vestibule of oral eavity 


Oral eavity 


Mucosa of 
soft palate 



Palatine raphe 


Palatine glands 


Mandible 


Inferior view 


ineisive papilla 


Parotid gland 



Palatoglossus 


Uvula 


Transverse palatine 
folds (rugae) 


Mucosa of 
hard palate 

Lingual gingiva 


Openings of ducts 


Mucosa of 
soft palate 


Palatoglossal areh 

Palatine tonsil 
Palatopharyngeal areh 


FIGITRE 7.85. Maxillary teeth and palate. A. The maxillary teeth and the mucosa eovering the hard palate in a living person are shown. B. The mucous 
membrane and glands of the palate are demonstrated. The orifiees of the ducts of the palatine glands give the mucous membrane an orange-skin appear- 
anee. The palatine glands form a thiek layer in the soft palate and a thin one in the hard palate; they and are absent in the region of the ineisive fossa and 
the anterior part ofthe palatine raphe. (Part A Courtesy of Dr. B. Liebgott, Professor, Division ofAnatomy, Department ofSurgery, University ofToronto, 
Toronto, Ontario, Ganada.) 


The fìve muscles of the soft palate arise from the base of 
the cranium and deseend to the palate. The mnseles of the 
soft palate are illnstrated in Fignre 7.86 and their attaeh- 
ments, nerve snpply, and aetions are deseribed in Table 7.14. 
Note that the direetion of pull of the belly of the tensor veli 
palatini is redireeted approximately 90° because its tendon 
uses the pterygoid hamulus as a pulley or troehlea, allovving it 
to pull horizontally on the aponenrosis (Figs. 7.84B and 7.86). 

VASCUIiATURE AND INNERVATION OF PALATE 

The palate has a rieh blood snpply, ehiefìy from the greater 
palatine artery on eaeh side, a braneh of the deseending 
palatine artery (Fig. 7.87). The greater palatine artery passes 
throngh the greater palatine foramen and runs anteromedi- 
ally. The lesser palatine artery, a smaller braneh of the 


deseending palatine artery, enters the palate throngh the lesser 
palatine foramen and anastomoses with the aseending pala- 
tine artery, a braneh of the faeial artery (Fig. 7.87B). The veins 
of the palate are tribntaries of the pterygoid venons plexus. 

The sensory nerves of the palate are branehes of the max- 
illary nerve (GNV^), which braneh from the pterygopalatine 
ganglion (Fig. 7.87A). The greater palatine nerve sup- 
plies the gingivae, mucous membrane, and glands of most 
of the hard palate. The nasopalatine nerve snpplies the 
mucous membrane of the anterior part of the hard palate 
(Fig. 7.87B). The lesser palatine nerves snpply the soft 
palate. The palatine nerves aeeompany the arteries throngh 
the greater and lesser palatine foramina, respeetively. Except 
for the tensor veli palatini snpplied by CN V 3 , all mnseles of 
the soft palate are snpplied throngh the pharyngeal plexus of 
nerves (see Ghapter 8 ). 
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FIGITRE 7.86. Muscles of sofìt palate. 


TABLE 7.14. MUSCLES OF SOFT PALATE 


Muscle 

Superior Attaehment 

Inferior Attaehment 

Innervation 

Main Aetion 

Tensor veli 
palatini 

Seaphoid fossa of medial 
pterygoid plate, spine of 
sphenoid bone, and eartilage 
of pharyngotympanie tube 

Palatine aponeurosis 

Medial pterygoid nerve 
(a braneh of mandibular 
nerve, CN V3) via otie 
ganglion 

Tenses soft palate and opens 
mouth of pharyngotympanie 
tube during swallowing and 
yawning 

Levator veli 
palatini 

Gartilage of pharyngotym- 
panie tube and petrous part 
of temporal bone 

Pharyngeal braneh of 
vagus nerve (CN X) via 
pharyngeal plexus 

Elevates soft palate during 
swallowing and yawning 

Palatoglossus 

Palatine aponeurosis 

Side of tongue 

Elevates posterior partof 
tongue and draws soft palate 
onto tongue 

Palatopharyngeus 

Hard palate and palatine 
aponeurosis 

Lateral wall of pharynx 

Tenses soft palate and pulls 
walls of pharynx superiorly, 
anteriorly, and medially during 
swallowing 

Musculus uvulae 

Posterior nasal spine and 
palatine aponeurosis 

Mucosa of uvula 

Shortens uvula and pulls it 
superiorly 


Tongue 

The tongue (L. lingaa; G. glossa) is a mobile muscular organ 
eovered with mucous membrane. It ean assnme a variety of 
shapes and positions. It is partly in the oral eavity and partly in 
the oropharynx. The tongne’s main fnnetions are artienlation 
(forming words dnring speaking) and squeezing food into the 


oropharynx as part of deglntition (swallowing). The tongne is 
also involved with mastieation, taste, and oral eleansing. 

PARTS AND SURFACES OF TONGUE 

The tongne has a root, body, and apex (Fig. 7.88A). The root 
of the tongue is the attaehed posterior portion, extending 
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FIGIJRE 7.87. Nerves and vessels of palate. A. In this disseetion ofthe posterior part ofthe lateral vvall ofthe nasal eavity and the palate, the mucous 
membrane of the palate, eontaining a layer of mucous glands, has been separated from the hard and soft regions of the palate by blunt disseetion. The 
posterior ends of the middle and inferior nasal eonehae are cut through; these and the mucoperiosteum are pulled ofìFthe side wa\\ ofìthe nose as fìar as the 
posterior border ofìthe medial pterygoid plate. The perpendicular plate ofìthe palatine bone is broken through to expose the palatine nerves and arteries 
deseending fìrom the pterygopalatine fìossa in the palatine eanal. B. The nerves and vessels ofìan edentulous palate are shov\/n. The mucosa has been removed 
on eaeh side ofìthe palatine raphe, demonstrating a braneh ofìthe greater palatine nerve on eaeh side and the artery on the lateral side. There are fìour 
palatine arteries, two on the hard palate (greater palatine and the terminal braneh ofìposterior nasal septal/sphenopalatine artery) and tvvo on the soft 
palate (lesser palatine and aseending palatine). 
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FIGITRE 7.88. Parts and features of tongue. The anterior free part constituting the majority of the mass of the tongue is the body. The posterior attaehed 
portion is the root. The anterior (tvvo thirds) and posterior (third) parts ofthe dorsum ofthe tongue are separated by the terminal sulcus (groove) and fora- 
men cecum. Braekets, indieate parts ofthe dorsum ofthe tongue and do not embraee speeifìe labels. 


betvveen the mandible, hyoid, and the nearly vertieal pos- 
terior snrfaee of the tongne. The body of the tongue is 
the anterior, approximately two thirds of the tongne betvveen 
root and apex. The apex (tip) of the tongne is the anterior 
end of the body, vvhieh rests against the ineisor teeth. The 
body and apex of the tongne are extremely mobile. 

The tongne featnres tvvo snrfaees. The more extensive, 
snperior and posterior snrfaee is the dorsnm of the tongae 
(eommonly referred to as the “top” of the tongne). The inferior 
snrfaee ofthe tongne (eommonly referred to as its “nnderside”) 
nsnally rests against the floor of the month. The margin of the 
tongne separating the tvvo snrfaees is related on eaeh side to the 
lingnal gingivae and lateral teeth. The dorsum of the tongue 
is eharaeterized by a V-shaped groove, the terminal sulcus of 
the tongue, the angle of vvhieh points posteriorly to the^ra- 
men eeenm (Fig. 7.88B). This small pit, frequently absent, is 
the non-fnnetional remnant of the proximal part of the embry- 
onie thyroglossal dnet from vvhieh the thyroid gland developed. 
The terminal snlens divides the dorsnm of the tongne trans- 
versely into a presnleal anterior part in the oral eavity proper 
and a postsnleal posterior part in the oropharynx. 

A midline groove divides the anterior part of the tongne 
into right and left parts. The mneosa of the anterior part 
of the tongne is relatively thin and elosely attaehed to the 
nnderlying mnsele. It has a rongh texture beeanse of nnmer- 
ons small lingnal papillae; 

• Vallate papillae; large and flat topped, lie direetly ante- 
rior to the terminal snlens and are arranged in a V-shaped 
rovv. They are snrronnded by deep eirenlar trenehes, the 
vvalls of vvhieh are stndded vvith taste huds. The dnets of 
the serons glands of the tongne open into the trenehes. 

• Foliate papillae; small lateral folds of the lingnal mneosa. 
They are poorly developed in hnmans. 


• Filiform papillae; long and nnmerons, eontain afferent 
nerve endings that are sensitive to toneh. These sealy, eoni- 
eal projeetions are pinkish gray and are arranged in V-shaped 
rovvs that are parallel to the terminal snlens, except at the 
apex, vvhere they tend to be arranged transversely. 

• Fungiform papillae; mnshroom shaped pink or red spots 
seattered among the flliform papillae bnt most nnmerons 
at the apex and margins of the tongne. 

The vallate, foliate, and most of the fnngiform papillae eon- 
tain taste reeeptors in the taste bnds. 

The mneosa of the posterior part of the tongne is thiek and 
freely movable. It has no lingnal papillae, bnt the nnderlying 
lymphoid nodules give this part of the tongne an irregnlar, 
eobblestone appearanee. The lymphoid nodnles are knovvn 
eolleetively as the lingual tonsil. The pharyngeal part of the 
tongne eonstitntes the anterior vvall of the oropharynx and 
ean be inspeeted only vvith a mirror or dovvnvvard pressnre 
on the tongne vvith a tongne depressor. 

The inferior snrfaee of the tongne is eovered vvith a 
thin, transparent mneons membrane (Fig. 7.89). This snr- 
faee is eonneeted to the floor of the month by a midline fold 
ealled the frenulum of the tongue. The frennlnm allovvs 
the anterior part of the tongne to move freely. On eaeh side 
of the frennlnm, a deep lingnal vein is visible throngh the 
thin mneons membrane. A sublingual caruncle (papilla) 
is present on eaeh side of the base of the lingnal frennlnm 
that inelndes the opening of the suhmandihular duet from 
the snbmandibnlar salivary gland. 

MUSCLES OF TONGUE 

The tongne is essentially a mass of mnseles that is mostly eov- 
ered by mneosa (mneons membrane—Fig. 7.90; Table 7.15). 
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duct 


Inferior lingual gingiva 



* 


Superior view 


Inferior surface 
(mucosa) of tongue 


Frenulum of tongue 
Floor of mouth 

Sublingual fold (pliea) 

Inferior buccal gingiva 
(gingiva proper) 


Opening of duct from 
sublingual gland 


FIGIJRE 7.89. Floor of mouth and oral vestibule. The tongue is elevated and retraeted superiorly. (Courtesy of Dr. B. Liebgott, Professor, Division of 
Anatomy, Department ofSurgery, Llniversity ofToronto, Toronto, Ontario, Ganada.) 


As in the orbit, it is traditional to provide deseriptions of the 
aetions of tongne mnseles aseribing ( 1 ) a single aetion to a spe- 
eifìe mnsele, or ( 2 ) implying that a partienlar movement is the 
consequence of a single mnsele aeting. This approaeh faeilitates 
learning, bnt greatly oversimplifìes the aetions of the tongne. 
The mnseles of the tongne do not aet in isolation, and some 
mnseles perform mnltiple aetions. Parts of a single mnsele are 
eapable of aeting independently, prodneing different, even 
antagonistie aetions. In general, extnnsic mnseles alter the 
position of the tongne, and intrinsie mnseles alter its shape. 
The fonr intrinsie and fonr extrinsic mnseles in eaeh half of 
the tongne are separated by a median fìbrons lingnal septnm, 
which merges posteriorly with the lingnal aponenrosis. 

Extrínsíc Mnseles ofTongue. The extrinsic mnseles of 
the tongne (genioglossns, hyoglossns, styloglossns, and palato- 
glossns) originate ontside the tongne and attaeh to it. They 
mainly move the tongne bnt they ean alter its shape as well. 
They are illnstrated in Fignre 7.90 and their shape, position, 
attaehments, and main aetions are deseribed in Table 7.15. 

intrínsìe Muscles of Tongue. The snperior and inferior 
longitndinal, transverse, and vertieal mnseles are eonfìned to 
the tongne. They have their attaehments entirely within the 
tongne and are not attaehed to bone. They are illnstrated 
in Fignre 7.90, and their shape, position, attaehments, and 
main aetions are deseribed in Table 7.15. The superior and 
inferior longitndinal mnseles aet together to make the 
tongne short and thiek and to retraet the protrnded tongne. 
The transverse and vertieal mnseles aet simnltaneonsly 
to make the tongne long and narrow, which may pnsh the 
tongne against the ineisor teeth or protrnde the tongne from 
the open month (espeeially when aeting with the posterior 
inferior part of the genioglossns). 

INNERVATION OF TONGUE 

All mnseles of the tongne, except the palatoglossns, reeeive 
motor innervation from CN XII, the hypoglossal nerve 


(Fig. 7.91). Palatoglossns is a palatine mnsele snpplied by the 
pharyngealplexus (see Fig. 8.46A, p. 1035). For general sensa- 
tion (toneh and temperatnre), the mneosa of the anterior two 
thirds of the tongne is snpplied by the lingnal nerve, a braneh 
of CN V 3 (Fig. 7.91, 7.95, and 7.96). For speeial sensation 
(taste), this part of the tongne, except for the vallate papillae, 
is snpplied the ehorda tympani nerve, a braneh of CN VII. The 
ehorda tympani joins the lingnal nerve in the infratemporal 
fossa and rnns anteriorly in its sheath. The mneosa of the pos- 
terior third of the tongne and the vallate papillae are snpplied 
by the lingnal braneh of the glossopharyngeal nerve (CN IX) 
for both general and speeial sensation (Fig. 7.91). Twigs of the 
intemal laryngeal nerve, a braneh of the vagns nerve (CN 
X), snpply mostly general bnt some speeial sensation to a small 
area of the tongne jnst anterior to the epiglottis. These mostly 
sensory nerves also earry parasympathetie seeretomotor 
fibers to serons glands in the tongne. 

There are/otír hasie taste sensations: siveet, salty, sour, 
and hitter. Sweetness is deteeted at the apex, saltiness at the 
lateral margins, and sonrness and bitterness at the posterior 
part of the tongne. All other “tastes” expressed by gonrmets 
are olfaetory (smell and aroma). 

VASCUIiATURE OF TONGUE 

The arteries of the tongue are derived from the lingnal artery, 
which arises from the extemal earotid artery (Fig. 7.92). On 
entering the tongne, the lingnal artery passes deep to the hyo- 
glossns mnsele. The dorsal lingnal arteries snpply the root of 
the tongne; the deep fingnal arteries snpply the lingnal body. 
The deep lingnal arteries eommnnieate with eaeh other near 
the apex of the tongne. The dorsal lingnal arteries are prevented 
from eommnnieating by the lingaal septum (Fig. 7.90C). 

The veins of the tongae are the dorsal lingnal veins, 
which aeeompany the lingnal artery; the deep fingnal veins, 
which begin at the apex of the tongne, mn posteriorly beside 
the lingnal frennlnm to join the snbfingnal vein (Fig. 7.93). 
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(A) Lateral view 
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(B) Medial view of right half of biseeted tongue 
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Hyoglossus 
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Extrinsic 

muscles 


(C) Anterior view of eoronal seetion of mouth 


FIGIJRE 7.90. Muscles of tongue. 


TABLE 7.15. MUSCLES OF TONGUE 


Muscle 

Shape and Position 

Proximai Attaehment 

Distai Attaehment 

Main Aetìon(s) 

Extrinsic muscles of tongue^ 

Genioglossus 

Fan-shaped muscle; 
constitutes bulkoftongue 

Via a shorttendon 
from superior part 
of mental spine of 
mandible 

Entire dorsum of tongue; 
inferiormostand poste- 
riormostfibers attaeh to 
body of hyoid bone 

Bilateral aetivity depresses tongue, 
espeeially eentral part, ereating 
a longituclinal furrovv; posterior 
part pulls tongue anteriorly for 
protrusion;^ mostanterior part 
retraets apex of protruded tongue; 
unilateral eontraetion deviates 
("vvags") tongue to eontralateral 
side 

Hyoglossus 

Thin, quadrilateral muscle 

Body and greater horn 
of hyoid bone 

Inferior aspeets of lateral 
partof tongue 

Depresses tongue, espeeially pull- 
ing its sides inferiorly; helps shorten 
(retrude) tongue 

Styloglossus 

Small, shorttriangular 
muscle 

Anterior border of 
distal styloid proeess; 
stylohyoid ligament 

Sides of tongue posteri- 
orly, interdigitating vvith 
hyoglossus 

Retrudes tongue and curls (ele- 
vates) its sides, vvorking vvith genio- 
glossus to form a eentral trough 
during svvallovving 

Palatoglos- 

sus^ 

Narrovv ereseent-shaped 
palatine muscle; forms 
postehor column of isthmus 
of fauces 

Palatine aponeurosis 
of soft palate 

Enters posterolateral 
tongue transversely, 
blending vvith intrinsie 
transverse muscles 

Gapable of elevating posterior 
tongue ordepressing soft palate; 
most eommonly aets to eonstriet 
isthmus of fauces 


^ Exceptfor palatoglossus, the myseles of the tongue are innervated by the hypoglossal nerve (CN XII). 
^Aetoally a palatine muscle, the palatoglossus is innervated by the vagus nerve (CN X). 
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TABLE 7.15. MUSCLES OF TONGUE (Contìnued) 


Muscle 

Shape and Position 

Proximai Attaehment 

- 1 

Distai Attaehment 

! 

Main Aetion(s) 

intrinsie muscles of tongue^ 

Superior 

longitudinal 

Thin layer deep to 
mucous membrane of 
dorsum 

Submucosal fibrous layer 
and median fibrous 
septum 

Margins of tongue and 
mucous membrane 

Curls tongue longitudinally upvvard, 
elevating apex and sides of tongue; 
shortens (retrudes) tongue 

Inferior 

longitudinal 

Narrovv band elose to 
inferior surface 

Rootoftongue and body 
of hyoid bone 

Apex of tongue 

Curls tongue longitudinally dovvn- 
vvard, depressing apex; shortens 
(retrudes) tongue 

Transverse 

Deep to superior longitu- 
dinal muscle 

Median fibrous septum 

Fibrous tissue at lateral 
lingual margins 

Narrovvs and elongates (protrudes) 
tongue^ 

Vertieal 

Fibers interseettrans- 
verse muscle 

Submucosal fibrous layer 
of dorsum of tongue 

Inferior surface of borders 
of tongue 

Flattens and broadens tongue^ 


cActsimultaneously to protrude tongue. 


The sublingual veins in elderly people are often varieose 
(enlarged and tortuous). Some or all of them may drain into the 
IJV, or they may do so indireetly, joining first to form a lingual 
vein that aeeompanies the initial part of the lingnal artery. 

The lymphatie drainage of the tongne is exeeptional. 
Most of the lymphatie drainage eonverges toward and fol- 
lows the venous drainage; however, lymph from the tip of the 
tongne, frennlnm, and eentral lower lip rnns an independent 
eonrse (Fig. 7.94). Lymphfrom the tongae takesfonr rontes: 

1. Lymph from the root drains bilaterally into the snperior 
deep eervieal lymph nodes. 

2. Lymph from the medìal part of the hody drains bilaterally 
and direetly to the inferior deep eervieal lymph nodes. 

3. Lymph from the right and left lateral parts ofhody drains to 
the snhmandihnlar lymph nodes on the ipsilateral side. 


Palatoglossus 
(vagus nerve, 
CN X) 


Vallate papillae 


All other muscles 
of tongue 
(hypoglossal 
nerve, CN XII) 


MOTOR NERVES 


Internal laryngeal nerve 


(CNX) 



Superior view 


Glossopharyngeal 
nerve (CN IX), 
general and 
speeial sense 


Overlapping nerve 


supply 


ehorda tympani 
(CN VII), 
speeial sensory 


Lingual nerve 

(CN V 3 ), 

general sensory 


SENSORY NERVES 


FIGURE 7.91. Nerve supply to parts of tongue. 


4. The apex andfrennlnm drain to the snhmental lymph 
nodes, the medial portion draining bilaterally. 

All lymph from the tongne nltimately drains to the deep eer- 
vieal nodes, and passes via the jngnlar venons trnnks into the 
venons system at the right and left venons angles. 

Salivary Glands 

The salivary glands are the parotid, snbmandibnlar, and 
snblingnal glands (Fig. 7.95). The elear, tasteless, odorless 


Hypoglossal nerve 
(CN XII) 


Deep lingual artery Inferior 


Lingual 

artery 


MC 


longitudinal 

muscle 



Lateral view 


External 

earotid 

artery 


Sublingual Geniohyoid 
artery 


Dorsal lingual 
arteries 


GG Genioglossus MC Middle pharyngeal eonstrietor 

HG Hyoglossus SG Styloglossus 

M Mandible SL Sublingual gland 


FIGURE 7.92. Blood supply of tongue. The main artery to the tongue 
is the lingual, a braneh of the external earotid artery. The dorsal lingual 
arteries provide the blood supply to the root of the tongue and a braneh to 
the palatine tonsil. The deep lingual arteries supply the body of the tongue. 
The sublingual arteries provide the blood supply to the fìoor of the mouth, 
includingthe sublingual glands. 
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FIGIJRE 7.93. Venous draìnage of tongue. 



Trigeminal 


Trigeminal 


nerve (CN V) ganglion 


Glossopharyngeal 
nerve (CN IX 


Faeial 

nerve 


(CN VII) 


nerve 


ehorda 

tympani 


Mandibular 
nerve (CN V 3 ) 


Auriculotemporal 


Parotid gland 
Lingual nerve 


Submandibular ganglion 


Submandibular gland 


** 


Lesser petrosal nerve 
Tympanie nerve 


Sublingual 

gland 


f -\ 

— Presynaptie parasympathetie fibers (CN VII) ■■■Postsynaptie parasympathetie fibers 

— Presynaptie parasympathetie fibers (CN IX) ■■■Postsynaptie parasympathetie fibers 

— Sensory fibers (CN V) 

Postsynaptie sympathetie fibers from soperior eervieal 

ganglion travel with arteries to glands in peri-arterial plexuses 
\_ ) 


FIGIJRE 7.95. Innervatìon of salìvary glands. 
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(A) Superior view 


(B) Lateral view 


FIGIJRE 7.94. Lymphatie drainage of tongue. A. The dorsum of the tongue is shovvn. B. Lymph drains to the submental, submandibular, and superior 
and inferior deep eervieal lymph nodes, including the jugulodigastric and jugulo-omohyoid nodes. Extensive communications occur aeross the midline ofthe 
tongue. 
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viseid flmd, saliva, seereted by these glands and the mneons 
glands of the oral eavity: 

• Keeps the mneons membrane of the month moist. 

• Lnbrieates the food dnring mastieation. 

• Begins the digestion of starehes. 

• Serves as an intrinsie “mouthwash.” 

• Plays signifleant roles in the prevention of tooth deeay and 
in the ability to taste. 

In addition to the main salivary glands, small aeeessory sali- 
vary glands are seattered over the palate, lips, eheeks, ton- 
sils, and tongne. The parotid glands, the largest of the three 
paired salivary glands, were disenssed earlier in this ehapter 
(p. 914). The parotid glands are loeated lateral and posterior 
to the rami of the mandible and masseter mnseles, within 
nnyielding flbrons sheaths. The parotid glands drain anteri- 
orly via single dnets that enter the oral vestibnle opposite the 
seeond maxillary molar teeth (see Fig. 7.65). 

SUBMANDIBUliAR GLANDS 

The snbmandibnlar glands lie along the body of the man- 
dible, partly snperior and partly inferior to the posterior half 
of the mandible, and partly snperfleial and partly deep to the 
mylohyoid mnsele (Fig. 7.96). The snbmandibnlar duct, 
approKÌmately 5 em long, arises from the portion of the gland 
that lies between the mylohyoid and hyoglossns mnseles. 
Passing from lateral to medial, the lingnal nerve loops nnder 
the dnet that rnns anteriorly, opening by one to three oriflees 
on a small snblingnal papilla beside the base of the lingnal 
frennlnm (Fig. 7.96B). The oriflees of the snbmandibnlar 


dnets are visible, and saliva ean often be seen triekling from 
them (or spraying from them dnring yawning). The arterial 
supply of the submandibular glands is from the snbmen- 
tal arteries (Fig. 7.92). The veins aeeompany the arteries. 
The lymphatie vessels of the glands end in the deep eer- 
vieal lymph nodes, partienlarly ìhe jngnlo-omohyoid node 

(Fig. 7.94B). 

The snbmandibnlar glands are snpplied by presynaptie 
parasympathetie seeretomotor flbers eonveyed from the 
faeial nerve to the lingnal nerve by the ehorda tympani nerve, 
which synapse with postsynaptie nenrons in the snbmandibn- 
lar ganglion (Fig. 7.95). The latter flbers aeeompany arteries 
to reaeh the gland, along with vasoeonstrietive postsynaptie 
sympathetie flbers from the snperior eervieal ganglion. 

SUBLINGUAL GLANDS 

The sublingual glands are the smallest and most deeply sit- 
nated of the salivary glands (Fig. 7.96). Eaeh almond-shaped 
gland lies in the floor of the month between the mandible and 
the genioglossns mnsele. The glands from eaeh side nnite to 
form a horseshoe-shaped mass aronnd the eonneetive tissne 
eore of the lingnal frennlnm. Nnmerons small sublingual 
ducts open into the floor of the month along the snblingnal 
folds. The arterial supply of the sublingual glands is from 
the snhlingnal and snhmental arteries, branehes of the lin- 
gnal and faeial arteries, respeetively (Fig. 7.92). The nerves 
of the glands aeeompany those of the snbmandibnlar gland. 
Presynaptie parasympathetie seeretomotor flbers are eon- 
veyed by the faeial, ehorda tympani, and lingnal nerves to 
synapse in the snbmandibnlar ganglion (Fig. 7.95). 
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mylohyoid 

Parotid gland 


Medial 


pterygoid 


Submandibular 


Gland 
Ganglion 
Gland 
Duct 


Lingual artery 

Hypoglossal nerve 

(CN xn) 

Hyoglossus — 


Mylohyoid 


Genioglossus 
Geniohyoid 


Sublingual gland 
Hyoid bone 


Lingual nerve 
CN V3) 


Mandible 


(A) Right iaterai view 


FIGIJRE 7.96. Parotid, submandibular, and sublingual salivary glands. A. The body and parts ofthe ramus ofthe mandible have been removed. The 
parotid gland eontaets the deep part of the submandibular gland posteriorly. Fine ducts passing from the superior border of the sublingual gland open on 
the sublingual fold. 
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FIGIJRE 7.96. (Contìnued) B. The right sublingual and submandibular glands and the fìoor of the mouth are shovvn; the tongue has been excised. The 
orifìee of the duct of the submandibular gland is visible at the anterior end of the sublingual fold. The submandibular duct adheres to the medial side of 
the sublingual gland; here it is reeeiving, as it sometimes does, a large aeeessory duct from the inferior part of the sublingual gland. The sublingual carun- 
culae (*) are bilateral papillae fìanking the frenulum of the tongue, eaeh bearing the opening of the ipsilateral submandibular duct. 


ORAL REGION 
eieft Lìp 

eleft lip (harelip, a misnomer) is a birth defeet (usu- 
ally of the upper lip) that occurs in 1 of 1000 births; 
60-80% of affeeted infants are males. The elefts 
vary from a small noteh in the transitional zone of the lip and 
vermilion border to a noteh that extends throngh the lip into 
the nose (Fig. B7.32). In severe eases, the eleft extends 



FIGITRE B7.32. Dnìlateral eleft lìp {arrow). 


deeper and is continuous with a eleft in the palate. Gleft lip 
may be nnilateral or bilateral (Moore et al., 2012). 

Gyanosis of Lìps 

The lips, like fìngers, have an abnndant, relatively 
t snperfìeial arterial blood fìow. Beeanse of this, they 

ean lose a disproportionate amount of body heat 
when exposed to a eold environment. Both lips are provided 
with sympathetieally innervated arteriovenons anastomoses, 
eapable of redireeting a eonsiderable portion of the blood baek 
to the body eore, redneing heat loss while prodneing eyanosis 
of the lips and fìngers. Gyanosis, a dark bluish or purplish eol- 
oration of the lips and mucous membranes, resnlts from defì- 
eient oxygenation of eapillary blood and is a sign of many 
pathologie eonditions. The eommon blue diseoloration of the 
lips owing to eold exposure does not indieate pathology; instead, 
it resnlts from the deereased blood fìow in the eapillary beds 
snpplied by the snperior and inferior labial arteries and the 
inereased extraction of oxygen. Simple warming restores the 
normal eoloring of the lips. 

Large Labial Frenulum 

An excessively large snperior labial frenulum in ehil- 
dren may cause a spaee between the eentral ineisor 
teeth. Reseetion of the frenulum and the nnderlying 
eonneetive tissue (frennleetomy) between the ineisors allows 
approximation of the teeth, which may require an orthodontie 
applianee (“braee”)- A large lower labial frenulum in adults may 
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pull on the labial gingiva and eontribnte to gingival reeession, 
whieh resnlts in an abnormal exposure of the roots of the teeth. 



Gingìvitìs 

Improper oral hygiene resnlts in food and baeterial 
deposits in tooth and gingival ereviees that may cause 
inflammation of the gingivae (gingivitis). The gingi- 
vae swell and redden as a resnlt. If nntreated, the disease 
spreads to other snpporting structures, inelnding alveolar bone, 
prodneing periodontitis (inflammation and destrnetion of 
bone and periodontium). Dento-alveolar ahseesses (eollee- 
tions of pus resulting from death of inflamed tissnes) may drain 
to the oral eavity and lips. 



Dental Garies, Pnlpìtìs, 
and Tooth Abseesses 

Aeid, enzymes, or both prodneed by oral baeteria may 
break down (deeay) the hard tissnes of a tooth. This 
resnlts in the formation of dental earies {eavities) 
(Fig. B7.33A). Negleeted dental earies eventnally invade and 
inflame tissnes in the pulp eavity (Fig. B7.33B). Invasion of the 
pulp by a deep carious lesion resnlts in infeetion and irritation 
ofthe tissnes (pnlpitis). Beeanse thepulp eavityis a rigid spaee, 
the swollen tissnes cause eonsiderable pain (toothaehe). If 
nntreated, the small vessels in the root eanal may die from the 
pressnre of the swollen tissne, and the infeeted material may 
pass throngh the apieal eanal and foramen into the periodontal 
tissnes (Fig. B7.33C). An infeetive proeess develops and 
spreads throngh the root eanal to the alveolar bone, prodneing 
an ahseess {peri-apieal disease). If nntreated, loss of the tooth 
may occur with an abseess remaining (Fig. B7.33D). Treatment 
involves removal of the deeayed tissne and restoration of the 
anatomy of the tooth with prosthetie dental material (eom- 
monly referred to as a “fllling”) (Fig. B7.33E). 

Pus from an abseess of a maxillary molar tooth may extend 
into the nasal eavity or the maxillary sinus. The roots of the 
maxillary molar teeth are elosely related to the floor of this 
sinus. As a consequence, infeetion of the pulp eavity may 
also cause sinusitis, or sinusitis may stimulate nerves enter- 
ing the teeth and simnlate a toothaehe. The roots of man- 
dibnlar teeth are elosely related to the mandibnlar eanal (Fig. 
B7.33E), and abseess formation may eompress the nerve 
eansing pain that may be referred to (pereeived as eoming 
from) more anterior teeth. 


Supernumerary Teeth (Hyperdontia) 

Supernumerary teeth are teeth present in addition to 
the normal eomplement (nnmber) of teeth. They may 



be single, mnltiple, nnilateral or bilateral, ernpted or 
unerupted, and in one or both maxillary and mandibnlar alveo- 
lar arehes (Fig. B7.34). They may occur in both deciduous and 
permanent dentitions, but more eommonly occur in the latter. 
The presenee of a single supernumerary (aeeessory) tooth is 
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FIGIJRE B7.33. Dental earìes and perì-apìeal dìsease. 


usually seen in the anterior maxilla. The most eommon super- 
numerary tooth is a mesiodens, which is a malformed, peg-like 
tooth that occurs between the maxillary eentral ineisor teeth 
(Fig. B7.34A). A supernnmerary tooth oeenrs in addition to 
the normal nnmber but resembles the size, shape, or plaee- 
ment of normal teeth. An aeeessory tooth does not resemble 
the form or disposition of a normal tooth (Fig. B7.34B). 

Mnltiple supernumerary teeth are rare in individnals with 
no other assoeiated diseases or syndromes, such as eleft lip or 
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(A) Supernumerary tooth (mesiodens-M) 


Mandibular 

eanal 


Supernunnerary 
(aeeessory) tooth 

(B) 



FIGIJRE B7.34. Supemumerary teeth. Q eanine; Cl, eentral ineisor; 
Ll, lateral ineisor; M, mesiodens; M1, 1st molar; M2, 2nd molar; PM, 
premolar; arrow, supernumerary tooth. 


palate, or eranial dysplasia (malformation). The snpernnmer- 
ary teeth ean eanse problems for the ernption and alignment 
of normal dentition, and are nsnally snrgieally extraeted. 


Extractìon of Teeth 


Sometimes it is not praetieal to restore a tooth beeanse 
of extreme tooth destmetion. The only alternative is 
tooth extraction. A tooth may lose its blood snpply as a 
resnlt of tranma. The blow to the tooth dismpts the blood vessels 
entering and leaving the apieal foramen. It is not always possible 
to save the tooth. Snpemnmerary teeth are also extracted. 

The lingnal nerve is elosely related to the medial aspeet 
of the 3rd molar teeth; therefore, eantion is taken to avoid 
injnring this nerve dnring their extraction. Damage to this 
nerve resnlts in altered sensation to the ipsilateral side of the 
tongne. 

IJnernpted 3rd molars are eommon dental problems; 
these teeth are the last to ernpt, nsnally when people are 
in their late teens or early 20s. Often there is not enongh 
room for these molars to ernpt, and they beeome lodged 
(impaeted) nnder or against the 2nd molar teeth (Fig. B7.35, 
insets). If impaeted 3rd molars beeome painfnl, they are nsn- 
ally removed. When doing so, the snrgeon takes eare not to 
injnre the alveolar nerves (Figs. 7.79A and B7.33E). 


Dental Implants 



Following extraction of a tooth, or fraetnre of a tooth 
at the neek, a prosthetie crown may be plaeed on an 
abntment (metal peg) inserted into a metal soeket 
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impaeteíd 3rd molar 


Goronoid proeess 


Lingula 


Gondyloid 

proeess 


Gentral ineisor 


Ganine 


Lateral ineisor 


Ist premolar 


2nd premolar 



2nd molar 
impaeted 3rd molar 


Mental spines 
2nd molar 

3rd molar 


Mandibular noteh 
Pterygoid fovea 


FIGIJRE B7.35. Normal adult mandìble with full dentition. Insets, impaeted 3rd molars. 
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surgically implanted into the alveolar bone (Fig. B7.36). A pro- 
eedure to augment the alveolar bone with ealf or eadaverie 
bone may be required before the soeket ean be implanted. A 
waiting period of several months may be neeessary to allow 
bone growth around the implanted soeket before the abntment 
and prosthetie erown are monnted. 



Prosthetie 

crown 





FIGIJRE B7.36. Dental ìmplants. 



Nasopalatine Bloek 

The nasopalatine nerves ean be anesthetized by 
injeeting anesthetie into the ineisive fossa in the hard 
palate. The needle is inserted immediately posterior 
to the ineisive papilla. Both nerves are anesthetized by the same 
injeetion where they emerge throngh the ineisive fossa 
(Fig. 7.87B). The affeeted tissnes are the palatal mucosa, the 
lingual gingivae and alveolar bone of the six anterior maxillary 
teeth, and the hard palate. 


Greater Palatine Bloek 



The greater palatine nerve ean be anesthetized by 
injeeting anesthetie into the greater palatine foramen. 
The nerve emerges between the 2nd and the 3rd 


molar teeth. This nerve bloek anesthetizes all the palatal 
mucosa and lingnal gingivae posterior to the maxillary eanine 
teeth and the nnderlying bone of the palate. Branehes of the 
greater palatine arteries should be avoided. The anesthetie 
should be injeeted slowly to prevent stripping of the mucosa 
from the hard palate. 


eieft Palate 



eleft palate, with or without eleft lip, oceurs in 
approximately 1 of2500 births and is more eommon 
in females than in males (Moore et ak, 2012). The 
eleft may involve only the uvula, giving it a fìshtail appear- 
anee, or it may extend throngh the soft and hard regions of 
the palate (Fig. B7.37). In severe eases assoeiated with eleft 
lip, the eleft palate extends throngh the alveolar proeesses of 
the maxillae and the lips on both sides. The embryologieal 
basis of eleft palate is failnre of mesenehymal masses in the 
lateral palatine proeesses to meet and fuse with eaeh other, 
with the nasal septum, and/or with the posterior margin of 
the median palatine proeess. 


Nose 


Tongue 


eieft 


palate 


Uvula 



■N 






View in 
mirror 


FIGIJRE B7.37. Bìlateral eleft palate. 


Gag Reflex 

It is possible to toueh the anterior part of the tongue 
without feeling diseomfort; however, when the poste- 
rior part is tonehed, the individnal gags. CN IX and 
CN X are responsible for the muscular eontraetion of eaeh side 
of the pharynx. Glossopharyngeal branehes provide the affer- 
ent limb of the gag refìex. 



Paralysìs of Genìoglossus 

When the genioglossns muscle is paralyzed, the 
tongue has a tendeney to fall posteriorly, obstrneting 
the ainvay and presenting the risk of snffoeation. 
Total relaxation of the genioglossns mnseles oceurs during 
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general anesthesia; therefore, an ainvay is inserted in an anes- may be distribnted throngh the snbmental and snbmandibnlar 


thetized person to prevent the tongne from relapsing. 


regions and along the IJVs in the neek (Fig. 7.94). 


Injury to Hypoglossal Nerve 

Tranma, sneh as a fraetnred mandible, may injnre 
the hypoglossal nerve (CN XII), resnlting in paraly- 
sis and eventnal atrophy of one side of the tongne. 


Freneetomy 




An overly large frennlnm of the tongne (tongne-tie) 
interferes with tongne movements and may affeet 
speeeh. In nnnsnal eases, Sifreneetomy (entting the 


The tongne deviates to the paralyzed side dnring protrnsion frennlnm) in infants may be neeessary to free the tongne for 
beeanse of the aetion of the nnaffeeted genioglossns mnsele normal movements and speeeh. 
on the other side. 

Excision of Submandibular Gland 
and Removal of a Calculus 

Exeision of a snbmandibnlar gland beeanse of a ealen- 
Ins (stone) in its dnet or a tnmor in the gland is not 
nneommon. Skin ineision is made at least 2.5 em infe- 
rior to the angle of the mandible to avoid injnry to the marginal 
mandibnlar braneh of the faeial nerve (see Fig. 7.65). Gantion 
mnst also be taken not to injnre the lingnal nerve when ineising 
the dnet. The snbmandibnlar dnet passes direetly over the 
nerve inferior to the neek of the 3rd molar tooth (Fig. 7.96). 


Sublingual Absorption of Drugs 

For qmek absorption of a drng, for instanee, when 
nitroglyeerin is nsed as a vasodilator in persons with 
angìna peetoris; the pill or spray is pnt nnder the 
tongne where it dissolves and enters the deep lingnal veins in 

<1 min (Figs. 7.89 and B7.38). 




Uvula 


Palatopharyngeal 

areh 


Palatoglossal 

areh 


Frenulunn of tongue 



Palatine tonsil 


Sialography of Submandibular Ducts 

The snbmandibnlar salivary glands may be examined 
radiographieally after injeetion of a eontrast medinm 
into their dnets (Fig. B7.39). This speeial type of 
radiograph (sialogram) demonstrates the salivary dnets and 
Apex of tongue some seeretory nnits. Beeanse of the small size of the dnets of 

the snblingnal glands and their mnltiplieity, one eannot nsnally 
injeet eontrast medinm into the dnets. 


Mucosal fold 
over pterygo 
mandibolar 
raphe 



Body of tongue 


Deep lingual vein 


Sublingual carunculae with 
openings of submandibular ducts 


FIGUREB7.38. 


Lingual Carcinoma 

A lingnal eareinoma in the posterior part of the 
tongne metastasizes to the snperior deep eervieal 



lymph nodes on both sides, whereas a tnmor in the 
anterior part nsnally does not metastasize to the inferior deep 
eervieal lymph nodes nntil late in the disease. Beeanse the 
nodes are elosely related to the IJV, metastases from the tongne 



Sialogram of submandibular duct and gland. Lateral view 

FIGURE B7.39. Sìalogram of submandìbular duct and gland. 


The Bottom Lìne 


ORAL REGION 

Oral eavìty: The oral eavity (mouth) is the primary portal of 
the alimentary system, and a seeondary portal for the respira- 
tory system, espeeially important for speeeh in the latter ease. 


♦ The oral eavity extends from the oral fissure to the oro- 
pharyngeal isthmus. ♦ The oral eavity is divided by the upper 
and lower jaws and their dental arehes into a superfìcial oral 
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vestibule (between the lips and eheeks and the gingival and teeth) 
and a deeper oral eavity proper (internal to the jaws and dental 
areades). ♦ The oral eavity (and speeifieally the oral vestibule) 
is bounded by the lips and eheeks, which are flexible dynamie 
musculofibrous folds eontaining muscles, neurovasculature, and 
mucosal glands, eovered superficially with skin and deeply with 
oral mucosa. ♦ The eheeks also include buccal fat-pads. 

Teeth; The strong alveolar parts of the maxilla and man- 
dible eontain, in sequence, two sets of teeth (20 deciduous 
and 32 permanent teeth). ♦ The crowns ofthe teeth projeet 
from the gingiva, and the roots are anehored in tooth soekets 
by periodontium. ♦ The maxilla, its teeth, gingivae, and adja- 
eent vestibule are supplied by branehes ofthe maxillary nerve 
(CN V 2 ), the alveolar arteries, and aeeompanying veins. ♦ The 
same features ofthe mandible are supplied by the mandibular 
nerve (CN V3) and inferior alveolar vessels. 

Palate: The roof of the oral eavity proper is formed by 
the hard (anterior two thirds) and soft (posterior one third) 
palates, the latter being a eontrolled flap that allows or limits 
communication with the nasal eavity. ♦ The mucosa of the 
hard palate includes abundant palatine glands. ♦ Branehes 
of the maxillary (greater and lesser palatine arteries) and 
faeial (aseending palatine artery) arteries supply the palate; 
its venous blood drains to the pterygoid plexus. The palate 


reeeives sensory innervation from the maxillary nerve (CN V^); 
the muscles of the soft palate reeeive motor innervation from 
the pharyngeal plexus (CN X) plus a braneh from the mandibu- 
lar nerve (CN V3) for the tensor veli palatini. 

Tongue: The tongue is a mass of striated muscle, innervated 
by CN XII, and eovered with a speeialized mucosa textured with 
lingual papillae. ♦ It occupies mostofthe oral eavity when the 
mouth is elosed. ♦ Its extrinsic muscles primarily eontrol its 
plaeement, whereas its intrinsie muscles primarily eontrol its 
shape, for manipulation of food during chewing, swallowing, and 
speeeh. ♦ It is highly sensitive, with four eranial nerves contribut- 
ing sensory fibers to it. ♦ The terminal sulcus divides it into an 
anteriortwo thirds, reeeiving general sensation from the lingual 
nerve (CN V3) and taste fibers from CN VII, and a posterior third 
reeeiving all sensory innervation from CN IX. ♦ Adjaeent to the 
epiglottis, CN X provides general and speeial sensory innervation. 

Salìvary glands: Salivary glands seerete saliva to initi- 
ate digestion by faeilitating chewing and swallowing. ♦ The 
parotid gland, the largest, reeeives parasympathetie innerva- 
tion from CN IX via the otie ganglion. ♦ The submandibular 
and sublingual glands reeeive parasympathetie innervation 
from CN VII by way ofthe ehorda tympani nerve, lingual 
nerve, and submandibular ganglion. Their ducts open into the 
oral eavity under the tongue. 


PTERYGOPALATINE FOSSA 

The pterygopalatine fossa is a small pyramidal spaee inferior 
to the apex of the orbit and medial to the infratemporal fossa 
(Fig. 7.97). It lies betvveen the pterygoid proeess of the sphe- 
noid posteriorly and the ronnded posterior aspeet of the maxilla 
anteriorly. The fragile perpendienlar plate of the palatine hone 
forms its medial wall. The ineomplete roof of the pterygopala- 
tine fossa is formed by the a medial eontinnation of the infra- 
temporal snrfaee of the greater loing of the sphenoid. The floor 
of the pterygopalatine fossa is formed by the pyramidal proeess 
of the palatine hone. Its snperior larger end opens anterosnpe- 
riorly into the inferior orhital fissnre; its inferior end narrows, 
eontìnning as the greater and lesser palatine eanals. The ptery- 
gopalatine fossa eommnnieates throngh many passageways, 
distribnting and reeeiving nerves and vessels to and from most 
of the major eompartments of the viseeroeraninm (Fig. 7.98A). 

The eontents of the pterygopalatine fossa (Fig. 7.98B 
& e) are the: 

• Terminal (pterygopalatine or third) part of the maxil- 
lary artery, and the initial parts of its branehes, and aeeom- 
panying veins (tribntaries of the pterygoid venons plexus). 

• MaxiUary nerve (CN V^), with whieh the pterygopalatìne gan- 
glion is assoeiated. Branehes arising from the ganglion within 
the fossa are eonsidered to be branehes of the maxiUary nerve. 

• Nenrovasenlar sheaths of the vessels and nerves and a 
fatty matrix oeenpy all remaining spaee. 


Pterjrgopalatine Part 
of Maxillary Artery 

The maxillary artery, a terminal braneh of the external 
earotid artery, passes anteriorly throngh the infratemporal 
fossa, as deseribed previonsly on p. 921. The pterygopala- 
tine part of the maxillary artery, its third part (i.e., the 
part loeated anterior to the lateral pterygoid), passes medi- 
ally throngh the pterygomaxillary fissnre and enters the 
pterygopalatine fossa (Figs. 7.98B and 7.99A). The artery 
lies anterior to the pterygopalatine ganglion and gives rise to 
branehes that aeeompany all nerves entering and exiting the 
fossa, sharing the same names with many (Table 7.12). 

Maxillary Nerve 

The maxillary nerve rnns anteriorly throngh the foramen 
rotnndnm, which enters posterior waU of the fossa (Figs. 7.98C, 
7.99B and 7.100C). Within the pterygopalatìne fossa, the max- 
illary nerve gives off the zygomatie nerve, which divides into 
zygomatieofaeial and zygomatieotemporal nerves (Figs. 7.99B 
and 7.100A). These nerves emerge from the zygomatìe bone 
throngh eranial foramina of the same name and snpply general 
sensatìon to the lateral region of the eheek and temple. The 
zygomatieotemporal nerve also gives rise to a eommnnieat- 
ing braneh, which eonveys postsynaptie parasympathetìe see- 
retomotor flbers to the laerimal gland by way of the heretofore 
pnrely sensory laerimal nerve from CN Vi (Fig. 7.100A & B). 
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Infratemporal fossa 


Bones: 


Frontal 

Maxilla 

Palatine 

Parietal 

Sphenoid 

Temporal 

Tympanie part of 
temporal bone 

Zygomatie 


External acoustic meatus 


Mastoid proeess 


Foramen ovale 


Temporal fossa 


Articular tubercle 

Mandibular fossa, 
auricular part 


Tegmen tympani 


Tympanie plate 
Foramen spinosum 

Spine of sphenoid 

Styloid proeess 
of temporal bone 

Foramen ovale 



(of medial pterygoid plate) 


(A) Lateral view, zygomatie areh removed 
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(B) Inferolateral and slightly posterior view, looking into infratemporal and pterygopalatine fossae 
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FIGITRE 7.97. Temporal, infratemporal, and pterygopalatine fossae. The pterygopalatine fossa is seen medial to the infratemporal fossa through the 
pterygomaxillary fissure, betvveen the pterygoid proeess and the maxilla. The sphenopalatine foramen is an opening into the nasal eavity at the top of the 
palatine bone. 


While in the pterygopalatine fossa, the maxillary nerve 
also gives off the two ganglionie hranehes to the pterygopala- 
tine ganglion (sensory roots of the pterygopalatine ganglion) 
that snspend the parasympathetie pterygopalatine gan- 
glion in the snperior part of the pterygopalatine fossa (Figs. 
7.98C and 7.100A). The pterygopalatine nerves eonvey gen- 
eral sensory fibers of the maxillary nerve, whieh pass throngh 
the pterygopalatine ganglion without synapsing to snpply the 
nose, palate, and pharynx (Fig. 7.100C). The maxillary nerve 
leaves the pterygopalatine fossa throngh the inferior orbital 
fissnre, after whieh it is known as the infra-orhital nerve 

(Figs. 7.98C and 7.99B). 

The parasympathetie fibers to the pterygopalatine 
ganglion eome from the faeial nerve by way of its first braneh, 

the greater petrosal nerve (Figs. 7.98C and 7.100A & B). This 


nerve joins the deep petrosal nerve as it passes throngh the 
foramen laeernm to form the nerve of the pterygoid eanal, 
whieh passes anteriorly throngh this eanal to the pterygopala- 
tine fossa. The parasympathetie fibers of the greater petrosal 
nerve synapse in the pterygopalatine ganglion. 

The deep petrosal nerve is a sympathetie nerve arising 
from the internal earotid peri-arterial plexus as the artery 
exits the earotid eanal (Figs. 7.98C and 7.100A & C). It eon- 
veys postsynaptie fibers from nerve eell bodies in the snperior 
eervieal sympathetie ganglion to the pterygopalatine ganglion 
by joining the nerve of the pterygoid eanal. The fibers do not 
synapse in the ganglion bnt pass direetly throngh it into the 
branehes (of CN V^) arising from it (Fig. 7.100C). The post- 
synaptie sympathetie fibers pass to the palatine glands, and 
the mneosal glands of the nasal eavity and snperior pharynx. 
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FIGITRE 7.98. Pteiygopalatine fossa—communications and eontents. A. Communications ofthe pterygopalatine fossa and the passageways by which 
structures enter and exit fossae are shown. B. The distribution of branehes of the pterygopalatine part of the maxillary artery is demonstrated. C. Branehes of 
the maxillary nerve and pterygopalatine ganglion enter and exit the fossa. 
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FIGIJRE 7.99. Orbital approaeh to eontents of pterygopala- 
tine fossa. A. The pterygopalatine (third) part ofthe maxillary 
arterylies anterior to the lateral pterygoid muscle (Table 7.12). 
The branehes ofthe third part arise just before and within the 
pterygopalatine fossa. B. The maxillary nerve (CN V^) traverses 
the posterior wall ofthe pterygopalatine fossa viathe foramen 
rotundum, sendingtwo nerves (roots) to the pterygopalatine 
ganglion within the fossa. The branehes arising from the ganglion 
are eonsidered to be branehes of CN Vo. 
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FIGITRE 7.100. Pterygopalatine ganglion. A. Nerves involved 
in eonveying nerve fibers to and from the ganglion are shovvn. 

B and C. The nerve of the pterygoid eanal eonveys presynaptie para- 
sympathetie fibers from the faeial nerve (via its braneh, the greater 
petrosal nerve) to the ganglion, vvhere they vvill synapse vvith postsyn- 
aptie fibers. The nerve ofthe pterygoid eanal also brings postsynaptie 
sympathetie fibers to the ganglion from the internal earotid plexus 
(via the deep petrosal nerve). Sensory fibers reaeh the ganglion via 
pterygopalatine branehes of the maxillary nerve (CN V^). Seeretomo- 
tor postsynaptie parasympathetie and vasoeonstrietive postsynaptie 
sympathetie fibers are distributed to the laerimal, nasal, palatine, 
and pharyngeal glands. Similarly, sensory fibers are distributed to the 
mucosa of the nasal eavity, palate, and uppermost pharynx. 


PTERYGOPALATINE FOSSA 

Transantral Approaeh to 
Pterygopalatine Fossa 

Surgical aeeess to the deeply plaeed pterygopala- 
tine fossa is gained throngh the maxillary sinns. 
After elevating the npper lip, the maxillary gingiva 


and anterior wall of the sinns are transversed to enter the 
sinns. The posterior wall is then ehipped away as needed to 
open the anterior wall of the pterygopalatine fossa. In the 
ease of ehronie epistaiis (nosebleed), the third part of the 
maxillary artery may be ligated in the fossa to eontrol 
the bleeding. 
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The Bottom Lìne 


PTERYGOPALATINE FOSSA 

The pterygopalatine fossa is a major distributing een- 
ter for branehes of the maxillary nerve and the ptery- 
gopalatine (third) part of the maxillary artery. ♦ It is 
loeated between, and has communications with, the 
infratemporal fossa, nasal eavity, orbit, middle eranial 
fossa, pharyngeal vault, maxillary sinus, and oral eavity 
(palate). ♦ The eontents of the pterygopalatine fossa 
are the maxillary nerve (CN V^), the parasympathetie 
pterygopalatine ganglion, the third part of the maxil- 
lary artery and aeeompanying veins, and a surrounding 
fatty matrix. 



Root 

Dorsum 
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Naris (nostril) 
Nasal septum 

Ala of nose 


^ of nose 



(A) Lateral view 


NOSE 

The nose is the part of the respiratory traet superior to the 
hard palate and eontains the peripheral organ of smell. It 
inelndes the external nose and nasal eavity, which is divided 
into right and left eavities by the nasal septnm (Fig. 7.101A). 
The fnnetions of the nose inelnde olfaetion (smelling), res- 
piration (breathing), filtration of dnst, hnmidifìeation of 
inspired air, and reeeption and elimination of seeretions from 
the paranasal sinnses and nasolaerimal ducts. 

External Nose 

The external nose is the visible portion that projeets from 
the faee; its skeleton is mainly eartilaginons (Fig. 7.101B). 
Noses vary eonsiderably in size and shape, mainly beeanse 
of differenees in these eartilages. The dorsnm of the nose 
extends from the root of the nose to the apex (tip) of the 
nose. The inferior snrfaee of the nose is piereed by two piri- 
form (L. pear-shaped) openings, the nares (nostrils, ante- 
rior nasal apertnres), which are bound laterally by the alae 
(wings) of the nose. The snperior bony part of the nose, 
inelnding its root, is eovered by thin skin. 

The skin over the eartilages of the nose is eovered with 
thieker skin, which eontains many sebaeeons glands. The skin 
extends into the vestihnle of the nose (Fig. 7.103A), where 
it has a variable nnmber of stiff hairs (vihrissae). Beeanse 
they are usually moist, these hairs fìlter dust partieles from 
air entering the nasal eavity. The jnnetion of the skin and 
mucous membrane is beyond the hair-bearing area. 

SKELETON OF EKTERNAL NOSE 

The snpporting skeleton of the nose is eomposed of bone and 
hyaline eartilage. The bony part of the nose (Figs. 7.101B and 
7.102) eonsists of the nasal hones,frontal proeesses of the max- 
illae, the nasal part of thefrontal hone and its nasal spine, and 
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FIGIJRE 7.101. Extemal nose. A. The surface anatomy ofthe nose is 
shown. The nose is attaehed to the forehead by its root. The rounded bor- 
der between the apex and the root is the dorsum. B. The eartilages ofthe 
nose are retraeted inferiorly to expose the sesamoid eartilages. The lateral 
nasal eartilages are fixed by sutures to the nasal bones and are continuous 
with the septal eartilage. 


the bony parts of the nasal septnm. The cartilaginous part of 
the nose eonsists of fìve main eartilages: two lateral eartilages, 
two alar eartilages, and one septal eartilage. The U-shaped alar 
eartilages are free and movable; they dilate or eonstriet the 
nares when the mnseles aeting on the nose eontraet. 

NASAL SEPTUM 

The nasal septnm divides the ehamber of the nose into two 
nasal eavities. The septnm has a bony part and a soft mobile 
eartilaginons part. The main eomponents of the nasal sep- 
tum are the perpendicular plate of the ethmoid, the vomer, 
and the septal eartilage. The thin perpendienlar plate of 
the ethmoid bone, forming the snperior part of the nasal 
septnm, deseends from the erihriform plate and is eontinned 
snperior to this plate as the erista galli. The vomer, a thin 
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FIGIJRE 7.102. Lateral and medial (septal) walls of right side of nasal eavity. The vvalls are separated and shovvn as adjaeent pages of a book. The 
medial v\ew shov\/s the right lateral wa\\ of the nasal eavity, and the lateral vievv shov\/s the nasal septum. The nasal septum has a hard (bony) part loeated 
deeply (posteriorly) v\/here it is proteeted and a soft or mobile part loeated superficially (anteriorly) mostly in the more vulnerable external nose. 


flat bone, forms the postero-inferior part of the nasal septnm, 
with some eontribntion from the nasal erests of the maxillary 
and palatine bones. The septal eartilage has a tongne-and- 
groove artienlation with the edges of the bony septnm. 

Nasal Cavìtìes 

The term nasal eavity refers to either the entire eavity or to 
the right or left half, depending on the context. The nasal 
eavity is entered anteriorly throngh the nares (nostrils). It 
opens posteriorly into the nasopharynx throngh the ehoanae 
(Fig. 7.9). Mneosa lines the nasal eavity, except for the nasal 
vestihnle, which is lined with skin (Fig. 7.103A). 

The nasal mneosa is flrmly bonnd to the periostenm 
and periehondrinm of the snpporting bones and eartilages 
of the nose. The mneosa is eontinnons with the lining of all 
the ehambers with which the nasal eavities eommnnieate: 
the nasopharynx posteriorly, the paranasal sinnses snpe- 
riorly and laterally, and the laerimal sae and eonjnnetiva 
snperiorly. The inferior two thirds of the nasal mneosa is the 
respiratory area, and the snperior one third is the olfaetory 
area (Fig. 7.106B). Air passing over the respiratory area 
is warmed and moistened before it passes throngh the rest 
of the npper respiratory traet to the Inngs. The olfaetory 
area eontains the peripheral organ of smell; snifflng draws 
air to the area. 


BOUNDARIES OF NASAL GAVITIES 

The nasal eavities have a roof, floor, and medial and lateral 
walls. 

• The roof of the nasal eavities is enrved and narrow, except 
at its posterior end, where the hollow hody of the sphenoid 
forms the roof. It is divided into three parts (frontonasal, 
ethmoidal, and sphenoidal) named from the bones form- 
ing eaeh part (Fig. 7.102). 

• Thefloor of the nasal eavities is wider than the roof and 
is formed by the palatine proeesses of the maxilla and the 
horizontal plates of the palatine hone. 

• The medial ivall of the nasal eavities is formed by the nasal 
septnm. 

• The lateral loalls of the nasal eavities are irregnlar owing to 
three bony plates, the nasal eonehae, which projeet inferi- 
orly, somewhat like lonvers (Figs. 7.102A, 7.103, and 7.108). 

FEATURES OF NASAL GAVITIES 

The nasal eonehae (snperior, middle, and inferior) enrve 
inferomedially, hanging like lonvers or short enrtains from 
the lateral wall. The eonehae (L. shells) or tnrbinates of many 
mammals (espeeially rnnning mammals and those existing in 
extreme environments) are highly eonvolnted, seroll-like strne- 
tnres that offer a vast snrfaee area for heat exchange. In both 
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FIGIJRE 7.103. Lateral wall of nasal eavity of right half of head. A. The inferior and middle eonehae, curving medially and inferiorly from the lateral wall, 
divide the wall into three nearly equal parts and eover the inferior and middle meatus, respeetively. The superior eoneha is small and anterior to the sphe- 
noidal sinus and the middle eoneha has an angled inferior border and ends inferior to the sphenoidal sinus. The inferior eoneha has a slightly curved inferior 
border and ends inferior to the middle eoneha approximately 1 em anterior to the orifiee of the pharyngotympanie tube (approximately the width of the 
medial pterygoid plate). B. This disseetion of the lateral wall of the nasal eavity shows the communications through the lateral wall of the nasal eavity. Parts 
of the superior, middle, and inferior eonehae are cut away. The sphenoidal sinus occupies the body of the sphenoid bone; its orifiee, superior to the middle 
of its anterior wall, opens into the spheno-ethmoidal reeess. The orifiees of posterior, middle, and anterior ethmoidal eells open into the superior meatus, 
middle meatus, and semilunar hiatus, respeetively. 
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humans with simple plate-like nasal eonehae and animals with 
complex turbinates, a reeess or nasal meatns (singnlar and 
plural; passage(s) in the nasal eavity) nnderlies eaeh of the bony 
formations. The nasal eavity is thus divided into fíve passages: 
a posterosnperiorly plaeed spheno-ethmoidal reeess, three lat- 
erally loeated nasal meatns (snperior, middle, and inferior), 
and a medially plaeed eommon nasal meatns into which the 
four lateral passages open. The inferior eoneha is the longest 
and broadest of the eonehae and is formed by an independent 
bone (of the same name, inferior eoneha) eovered by a mucous 
membrane that eontains large vasenlar spaees that ean enlarge 
to eontrol the ealiber of the nasal eavity. The middle and 
snperior eonehae are medial proeesses of the ethmoid bone. 


When infeeted or irritated, the mucosa eovering the eonehae 
may swell rapidly, bloeking the nasal passage(s) on that side. 

The sph eno-ethmoidal reeess, lying snperoposterior to 
the snperior eoneha, reeeives the opening of the sphenoidal 
sinns, an air-fílled eavity in the body of the sphenoid. The 
snperior nasal meatns is a narrow passage between the 
snperior and the middle nasal eonehae into which the pos- 
terior ethmoidal sinnses open by one or more orifíees (Fig. 
7.103A). The middle nasal meatns is longer and deeper 
than the snperior one. The anterosnperior part of this pas- 
sage leads into a fimnel-shaped opening, the ethmoidal 
infnndihnlnm, throngh which it eommnnieates with the 
frontal sinus (Fig. 7.104). The passage that leads inferiorly 
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(B) Anteroposterior view 

FIGITRE 7.104. Goronal seetion of right half of head. A. The orientation dravving illustrates the plane of the seetion. Observe the relationship of the 
orbit, nasal eavity, and paranasal sinuses. The orbital eontents, including the four reeti and the faseia uniting them, form a eirele (a eone \A/hen viev\/ed in 
three dimensions) around the posterior part (fundus) ofthe eyeball. B. Radiograph ofcranium demonstrating nasal eavity and paranasal sinuses. Letters 
referto structures labeled in part A. 
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from eaeh frontal sinns to the infnndibnlnm is thefronto- 
nasal duct (Fig. 7.103B). The semilunar hìatns (L. hiatns 
semilnnaris) is a semieirenlar groove into which the frontal 
sinns opens. The ethmoidal hulla (L. bnbble), a ronnded 
elevation loeated snperior to the semilnnar hiatns, is visible 
when the middle eoneha is removed. The bnlla is formed by 
middle ethmoidal eells that form the ethmoidal sinnses. 

The inferior nasal meatns is a horizontal passage infero- 
lateral to the inferior nasal eoneha. The nasolaerimal duct, 
which drains tears from the laerimal sae, opens into the ante- 
rior part of this meatns (see Fig. 7.46A, p. 892). The eom- 
mon nasal meatns is the medial part of the nasal eavity 
between the eonehae and the nasal septnm, into which the 
lateral reeesses and meatns open. 

Vasculature and Innervatìon of Nose 

The arterial supply of the medial and lateral loalls of the 
nasal eavity (Fig. 7.105) is from five sonrees: 

1. Anterior ethmoidal artery (from the ophthalmie artery). 

2. Posterior ethmoidal artery (from the ophthalmie artery). 

3. Sphenopalatine artery (from the maxillary artery). 

4. Greater palatine artery (from the maxillary artery). 

5. Septal hraneh of the snperior lahial artery (from the faeial 

The first three arteries divide into lateral and medial (septal) 
branehes. The greater palatine artery reaehes the septnm 
via the ineisive eanal throngh the anterior hard palate. The 



anterior part of the nasal septnm is the site of an anastomotie 
arterial plexus involving all five arteries snpplying the septnm 
{Kiesselhaeh area). The external nose also reeeives blood from 
first and fifth arteries listed, plns nasal branehes of the infra- 

A rieh submucosal venous plexus, deep to the nasal 
mneosa, provides venous drainage of the nose via the spheno- 
palatine, faeial, and ophthalmie veins. The plexus is an impor- 
tant part of the body’s thermoregnlatory system, exchanging 
heat and warming air before it enters the Inngs. Venons blood 
from the external nose drains mostly into the faeial vein via 
the angnlar and lateral nasal veins (see Fig. 7.25). However, 
reeall that it lies within the “danger area” of the faee beeanse 
of eommnnieations with the eavernons {dural venous) sinus 
(see the blne box 'Thrombophlebitis of Faeial Vein,” p. 875). 

Regarding its nerve supply of the nose, the nasal mneosa ean 
be divided into postero-inferior and anterosnperior portions 
by an oblique line passing approximately throngh the ante- 
rior nasal spine and the spheno-ethmoidal reeess (Fig. 7.106). 
The nerve snpply of the postero-inferior portion of the nasal 

way of the 

nasopalatine nerve to the nasal septnm, and posterior snpe- 
rior lateral nasal and inferior lateral nasal branehes of the 
greater palatine nerve to the lateral wall. The nerve snpply 
of the anterosnperior portion is from the ophthalmie nerve 
(CN Vi) by way of the anterior and posterior ethmoidal 
nerves, branehes of the nasoeiliary nerve. Most of the exter- 
nal nose (dorsnm and apex) is also snpplied by CN Vi (via 
the infratroehlear nerve and the external nasal braneh of the 


mneosa is ehiefiy from the maxillary nerve, by 
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FIGIJRE 7.105. Arterial supply of nasal eavity. An open-book vievv ofthe lateral and medial vvalls ofthe right side ofthe nasal eavity is shovvn. The left 
“page” shows the lateral wall ofthe nasal eavity. The sphenopalatine artery (a braneh of the maxillary) and the anterior ethmoidal artery (a braneh ofthe oph- 
thalmie) are the most important arteries to the nasal eavity. The right “page” shows the nasal septum. An anastomosis offour to five named arteries supplying 
the septum occurs in the antero-inferior portion ofthe nasal septum (Kiesselbaeh area, orange), an area eommonly involved in ehronie epistaxis (nosebleeds). 
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FIGITRE 7.106. Innervation of nasal eavity. An open-book view ofthe lateral and medial (septal) walls ofthe right side ofthe nasal eavity is shown. A 
dashedline extrapolated approximately from the spheno-ethmoidal reeess to the apex ofthe nose demareates the territories ofthe ophthalmie (CN Vi) and 
maxillary (CN V^) nerves for supplying general sensation to both the lateral wall and the nasal septum. The olfaetory nerve (CN I) is distributed to the 
olfaetory mucosa superior to the level of the superior eoneha on both the lateral wall and the nasal septum. 


anterior ethmoidal nerve), bnt the alae of the nose are snp- 
plied by the nasal branehes of the infra-orbital nerve (CN V^). 
The olfaetory nerves, eoneerned with smell, arise from eells 
in the olfaetory epithelinm in the snperior part of the lat- 
eral and septal walls of the nasal eavity. The eentral proeesses 
of these eells (forming the olfaetory nerve) pass throngh the 
erihriform plate and end in the olfaetory bulb, the rostral 
expansion of the olfaetory traet (Fig. 7.102A). 

Paranasal Sinnses 

The paranasal sinnses are air-filled extensions of the respi- 
ratory part of the nasal eavity into the following eranial bones: 
frontal, ethmoid, sphenoid, and maxilla. They are named 
aeeording to the bones in which they are loeated. The sinnses 
eontinne to invade the snrronnding bone, and marked exten- 
sions are eommon in the erania of older individnals. 

FRONTAL SINUSES 

The rigbt and left frontal sinnses are between the onter and 
inner tables of the frontal bone, posterior to the snpereiliary 

arehes and the root of the nose (Figs. 7.103, 7.104, and 7.107). 
Frontal sinnses are nsnally deteetable in ehildren by 7 years of 
age. The right and left sinnses eaeh drain throngh a frontonasal 
duct into the ethmoidal infundihulum, which opens into the 
semilunar hiatus of the middle nasal meatns. The frontal sinnses 
are innervated by branehes of the supra-orhital nerves (CN Vi). 

The right and left frontal sinnses are rarely of equal size, 
and the septnm between them is not nsnally sitnated entirely 


in the median plane. The frontal sinnses vary in size from 
approximately 5 mm to large spaees extending laterally into 
the greater wings of the sphenoid. Often a frontal sinns has 
two parts: a vertieal part in the squamous part of the frontal 
bone, and a horizontal part in the orbital part of the frontal 
bone. One or both parts may be large or small. When the 
snpra-orbital part is large, its roof forms the fioor of the ante- 
rior eranial fossa and its fioor forms the roof of the orbit. 

ETHMOIDAL GELLS 

The etbmoidal eells (sinuses) are small invaginations of the 
mneons membrane of the middle and snperior nasal meatns into 
the ethmoid bone between the nasal eavity and the orbit (Figs. 
7.104, 7.107, and 7.108). The ethmoidal eells nsnally are not visi- 
ble in plain radiographs before 2 years of age bnt are reeognizable 
in CT seans. The anterior etbmoidal ceUs drain direetly or indi- 
reetly into the middle nasal meatns throngh the ethmoidal infiin- 
dibnlnm. The middle etbmoidal ceUs open direetly into the 
middle meatns and are sometimes ealled “bnllar eells” beeanse 
they form the ethmoidal hnlla, a swelling on the snperior border 
of the semilnnar hiatns (Fig. 7.103B). The posterior etbmoidal 
ceUs open direetly into the snperior meatns. The ethmoidal eells 
are snpplied by the anterior and posterior ethmoidal branehes of 
the nasoeilianj nerves (CN Vi) (Figs. 7.19 and 7.106). 

SPHENOIDAL SINUSES 

The spbenoidal sinnses are loeated in the body of the 
sphenoid, bnt they may extend into the wings of this bone 
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FIGURE 7.107. Paranasal sinuses I. A. The paranasal sinuses of the right side have been opened from a nasal approaeh and eolor eoded. An anterior 
ethmoidal eell {pink) is invading the diploè of the frontal bone to beeome a frontal sinus. An ofìFshoot {broken arrow) invades the orbital plate ofìthe fìrontal 
bone. The sphenoidal sinus in this speeimen is extensive, extending (1) posteriorly, infìerior to the pituitary gland, to the clivus; (2) laterally, infìeriorto the 
optie nerve (CN II), into the anterior elinoid proeess; and (3) infìeriorto the pterygoid proeess but leavingthe pterygoid eanal and rising as a ridge on the 
fìoor ofìthe sinus. The maxillary sinus is pyramidal. B. Radiograph ofìcranium demonstrating air densities (dark areas) assoeiated vvith paranasal sinuses, 
nasal eavity, oral eavity, and pharynx. The letters are defìned in part A. 


(Figs. 7.103 and 7.107). They are nnevenly divided and sepa- 
rated by a bony septnm. Beeanse of this extensive pnenma- 
tization (formation of air eells), the body of the sphenoid is 
fragile. Only thin plates of bone separate the sinnses from 
several important strnetnres: the optie nerves and optie ehi- 
asm, the pitnitary gland, the internal earotid arteries, and the 
eavernons sinnses. The sphenoidal sinnses are derived from a 


posterior ethmoidal eell that begins to invade the sphenoid at 
approximately 2 years of age. In some people, several posterior 
ethmoidal eells invade the sphenoid, giving rise to mnltiple 
sphenoidal sinnses that open separately into the spheno- 
ethmoìdal reeess (Fig. 7.103A). The posterior ethmoidal arter- 
ies and the posterior ethmoidal nerves that aeeompany the 
arteries snpply the sphenoidal sinnses (Fig. 7.105). 
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(A) Posterior view of anterior portion of head 
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FIGITRE 7.108. Paranasal sinuses II. The orientation dravving shovvs the plane of the seetion shovvn in both parts. A. The ethmoid bone occupies a 
eentral position, vvith its horizontal eomponent forming the eentral part of the anterior eranial fossa superiorly and the roof of the nasal eavity inferiorly. 
The ethmoidal eells give attaehment to the superior and middle eoneha and form part of the medial wa\\ of the orbit; the perpendicular plate of the 
ethmoid forms part of the nasal septum. The maxillary sinus forms the inferior part of the lateral vvall of the nose and shares a eommon vvall vvith the 
orbit. The middle eoneha shelters the semilunar hiatus into vvhieh the maxillary ostium opens {arrow). B. The CT sean demonstrates air-filled eavi- 
ties shovvn in anatomieal seetion in part A. (Courtesy of Dr. D. Armstrong, Assoeiate Professor of Medieal Imaging, Llniversity ofToronto, Toronto, 
Ontario, Canada.) 
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MAXILliARY SINUSES 

The maxillaiy sinuses are the largest of the paranasal sinnses. 

They oeenpy the bodies of the maxillae and eommnnieate with 

the middle nasal meatns (Figs. 7.104, 7.107, and 7.108). 

• The apex of the maxillary sinns extends toward and often 
into the zygomatie bone. 

• The base of the maxillary sinns forms the inferior part of 
the lateral wall of the nasal eavity. 

• The roof of the maxillary sinns is formed by the floor of 
the orbit. 

• The floor of the maxillary sinns is formed by the alveo- 
lar part of the maxilla. The roots of the maxillary teeth. 


partienlarly the flrst two molars, often prodnee eonieal 
elevations in the floor of the sinns. 

Eaeh maxillary sinns drains by one or more openings, the 
maxillary ostium (ostia), into the middle nasal meatns of 
the nasal eavity by way of the semilnnar hiatns. 

The arterial supply of the maxillary sinus is mainly 
from snperior alveolar branehes of the maxillary artery 
(Fig. 7.73; Table 7.12); however, branehes of the deseending 
Sindgreaterpalatine arteries snpply the floor of the sinns (Figs. 
7.98B). Innervation of the maxillary sinus is from the 
anterior, middle, and posterior superior alveolar nerves, 
which are branehes of the maxillary nerve (Fig. 7.79A). 


THE NOSE 

Nasal Fractures 

Beeanse of the prominenee of the nose, fraetnres of 
the nasal bones are eommon in antomobile aeeidents 
and eontaet sports (nnless faee gnards are worn). 
F raetnres nsnally resnlt in deformation of the nose, partienlarly 
when a lateral foree is applied by someone s elbow, for example; 



Nasal septum deviated to left side 



Anterior view, CT sean 


epistaxis (bleeding from the nose) nsnally oeenrs. In severe frae- 
tnres, dismption of the bones and eartilages resnlts in displaee- 
ment of the nose. When the injnry resnlts from a direet blow, the 
eribriform plate of the ethmoid bone may also fraetnre. 

Devìation of Nasal Septnm 

The nasal septnm is nsnally deviated to one side or 
the other (Fig. B7.40). This eonld be the resnlt of a 
birth injnry, bnt more often the deviation oeenrs 
dnring adoleseenee and adnlthood from tranma (e.g., dnring 
a flst flght). Sometimes the deviation is so severe that the 
nasal septnm is in eontaet with the lateral wall of the nasal 
eavity and often obstrnets breathing or exacerbates snoring. 
The deviation ean be eorreeted snrgieally. 



Inferior view, MRI 




FIGIJRE B7.40. Deviated nasal septum. 
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Rhinìtis 


The nasal mneosa beeomes swollen and inflamed 
(rhinitis) dnring severe npper respiratoiy infeetions 
and allergie reaetions (e.g., hayfever). Swelling of the 
mneosa oeenrs readily beeanse of its vasenlarity. infeetions of 
the nasal eavities may spread to the: 



• Anterior eranial fossa throngh the eribriform plate. 

• Nasopharynx and retropharyngeal soft tissnes. 

• Middle ear throngh the pharyngotympanie tuhe (anditory 
tnbe), which eonneets the tympanie eavity and nasopharynx. 

• Paranasal sinnses. 

• Laerimal apparatns and eonjnnetiva. 


snperomedial walls (Fig. 7.108). When the mneons mem- 
brane of the sinns is eongested, the maxillary ostia are often 
obstrneted. Beeanse of the high loeation of the ostia, when 
the head is ereet it is impossible for the sinnses to drain 
nntil they are fnll. Beeanse the ostia of the right and left 
sinnses lie on the medial sides (i.e., are direeted toward 
eaeh other), when lying on one s side only the npper sinns 
(e.g., the right sinns if lying on the left side) drains. A eold 
or allergy involving both sinnses ean resnlt in nights of roll- 
ing from side to side in an attempt to keep the sinnses 
drained. A maxillary sinns ean be eannnlated and drained by 
passing a eannnla from the naris throngh the maxillary 
ostinm into the sinns. 


Epìstaxis 

Epistaxis (nosebleed) is relatively eommon beeanse of 
the rieh blood snpply to the nasal mneosa. In most 
eases, the eanse is tranma and the bleeding is from an 
area in the anterior third of the nose (Kiesselbaeh area— 




Relationship of Teeth 
to Maxillaxy Sinns 

The elose proximity of the three maxillary molar 
teeth to the floor of the maxillary sinns poses poten- 
tially serions problems. Dnring removal of a maxil- 
Fig. 7.105B). Epistaxis is also assoeiated with infeetions and lary molar tooth, a fraetnre of a root of the tooth may oeenr. 

hypertension. Spnrting of blood from the nose resnlts from If proper retrieval methods are not nsed, a pieee of the root 

rnptnre of arteries. Mild epistaxis may also resnlt from nose may be driven snperiorly into the maxillary sinns. A eommn- 

pieking, which tears veins in the vestibnle of the nose. nieation may be ereated between the oral eavity and the max- 

illary sinns as a resnlt, and an infeetion may oeenr. Beeanse 
the snperior alveolar nerves (branehes of the maxillary nerve 
snpply both the maxillary teeth and the mneons membrane 
of the maxillary sinnses, inflammation of the mneosa of the 
sinns is frequently aeeompanied by a sensation of toothaehe 


Sinusitis 



Beeanse the paranasal sinnses are eontinnons with the 
nasal eavities throngh apertnres that open into them, 
infeetion may spread from the nasal eavities, prodne- niolar teeth. 


ing inflammation and swelling of the mneosa of the sinnses 
(sinnsitis) andloeal pain. Sometimes several sinnses are inflamed 
(pansinnsitis), and the swelling of the mneosa may bloek one or 
more openings of the sinnses into the nasal eavities. 



infeetion of Ethmoidal Cells 

If nasal drainage is bloeked, infeetions of the eth- 
moidal eells may break throngh the fragile medial wall 
of the orbit. Severe infeetions from this sonree may 
eanse blindness beeanse some posterior ethmoidal eells lie 
elose to the optie eanal, which gives passage to the optie nerve 
and ophthalmie artery. Spread of infeetion from these eells 
eonld also affeet the dnral sheath of the optie nerve, eansing 
optie nenritis. 



infeetion of Maxillary Sinnses 

The maxillary sinnses are the most eommonly 
infeeted, probably beeanse their ostia (openings) 


are eommonly small and are loeated high on their 


Transillumination of Sinnses 

Transillnmination of the maxillary sinnses is per- 
formed in a darkened room. A bright light is plaeed in 
the patient’s month on one side of the hard palate or 
flrmly against the eheek (an in Fig. B7.41A). The light passes 
throngh the maxillary sinns and appears as a ereseent-shaped, 
dnll glow inferior to the orbit. If a sinns eontains excess flnid, a 
mass, or a thiekened mneosa, the glow is deereased. The frontal 
sinnses ean also be transillnminated by direeting the light snpe- 
riorly nnder the medial aspeet of the eyebrow, normally pro- 
dneing a glow snperior to the orbit (Fig. B7.41B). Beeanse of 
the great variation in the development of the sinnses, the pat- 
tern and extent of sinns illnmination differs from person to per- 

son (Swartz, 2009). 
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(A) Transillumination of maxiiiary sinus 


(B) Transiiiumination of frontai sinus 
FIGUREB7.41. 


The Bottom Lìne 


THE NOSE 

The nose is the ventilation system that traverses the head, 
enabling the flow of air between the external environment and 
the lower respiratory system (lungs). ♦ As air is drawn in through 
the nose, its ehemistry is sampled (smell and taste augmenta- 
tion), and it is warmed, humidified, and filtered for the lungs. As 
it exits, heat and moisture are released with it. ♦ The nose also 
provides a drainage route for mucus and laerimal fluid. 

Skeleton of Nose: Opening anteriorly via the nares, the 
nasal eavity is subdivided by a median nasal septum. ♦ The 
protruding external nose and anterior septum benefit from 
the flexibility provided by a cartilaginous skeleton, reducing 
the potential for nasal fractures. ♦ Except for the septum and 
floor, the walls of the nasal eavity are highly pneumatized by 
the paranasal sinuses, and its lateral walls bear eonehae. 

Nasal eavìtìes: Both the sinuses and eonehae inerease the 
seeretory surface area for exchange of moisture and heat. 

♦ Essentially, all surfaces are eovered with thiek, vascular, 
seeretory mucosa, the anterosuperior portion of which 


(including that of most of the paranasal sinuses) is supplied 
by the ophthalmie artery and nerve (CN Vi), and the postero- 
inferior portion (including that of the maxillary sinus) by the 
maxillary artery and nerve (CN V^). ♦ The mucosa of the roof 
and adjaeent areas of walls and septum also reeeive speeial sen- 
sory innervation from the olfaetory nerve (CN I). ♦ Posteriorly, 
the nasal eavity is continuous with the nasopharynx via the 
ehoanae; the soft palate serves as a valve or gate eontrolling 
aeeess to and from the nasal passageway. ♦ The bone and 
mucosa of the lateral walls of this passageway are perforated 
by openings of the nasolaerimal ducts, the paranasal sinuses 
and the pharyngotympanie tube. ♦ Only the bone is perforated 
by the pterygopalatine foramen, providing passage of 
neurovascular structures into the nasal mucosa. 

Paranasal sìnuses: The paranasal sinuses are named for 
the bones they occupy. ♦ The maxillary sinus is the largest. 

♦ Most sinuses open into the middle nasal meatus, butthe 
sphenoidal sinuses enterthe spheno-ethmoidal reeess. 
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ERR 

The ear —the organ of hearing and equilibrium (balanee)—is 
dividedinto the external, middle, andinternal ear (Fig. 7.109). 
The external ear and middle ear are mainly eoneerned with 
the transfer of sonnd to the internal ear, which eontains the 
organ for equilibrium as well as for hearing. The tympanie 
memhrane separates the external ear from the middle ear. 
The pharyngotympanie tuhe joins the middle ear to the 
nasopharynx. 

External Ear 

The external ear is eomposed of the shell-like anriele 
(pinna), which eolleets sonnd, and the external aeonstie 
meatns (ear eanal), which eondnets sonnd to the tympanie 
membrane. 

AURICLE 

The anriele (L. auris, ear) is eomposed of an irregnlarly 
shaped plate of elastie eartilage that is eovered by thin skin 
(Fig. 7.110). The anriele has several depressions and eleva- 
tions. The eoneha of the anriele is the deepest depression. 


The elevated margin of the anriele is the helix. The other 
depressions and elevations are identified in Fignre 7.110. The 
non-eartilaginons lohnle (lobe) eonsists of fibrons tissne, fat, 
and blood vessels. It is easily piereed for taking small blood 
samples and inserting earrings. The tragns (G. tragos, goat; 
allnding to the hairs that tend to grow from this formation, 
like a goat’s beard) is a tongne-like projeetion overlapping 
the opening of the external aeonstie meatns. The arterial 
supply to the anriele is derived mainly from the posterior 
auricular Miá supeíjìcial temporal arteries (Fig. 7.111A). 

The main nerves to the skin of the anriele are the great 
anrienlar and anrienlotemporal nerves. The great auricu- 
lar nerve snpplies the eranial (medial) snrfaee (eommonly 
ealled the “baek of the ear”) and the posterior part (helix, 
antihelix, and lobnle) of the lateral snrfaee (“front”). The 
auriculotemporal nerve, a braneh of CN V 3 , snpplies the 
skin of the anriele anterior to the external aeonstie meatns 
(Figs. 7.109 and 7.111A). Minor eontribntions of embryo- 
logieal signifieanee are made to the skin of the eoneha and its 
eminenee by the vagns and faeial nerves. 

The lymphatie drainage of the anriele is as follows: the 
lateral snrfaee of the snperior half of the anriele drains to 
the snperfieial parotid lymph nodes (Fig. 7.111B); the era- 
nial snrfaee of the snperior half of the anriele drains to the 




Parts of the ear: 


External ear 


] Middle ear 
Internal ear 


Tragus 


Lobule of auricle 


Incus — 
Malleus 


Epitympanie 

reeess 

Tympanie 

Semicircular eanals 

Vestibular nerve 

Faeial nerve (CN VII) 

Goehlear nerve 

^ Vestibulocochlear 
fe/ nerve (CN VIII) 

Internal acoustic 
meatus 

eoehlea 


Superior parotid 
lymph nodes 

Auriculotemporal 

nerve 


Parotid gland 

Anterior view 


Temporalis 

muscle 


Auricle 


External 

acoustic 

meatus 


Opening of external 
acoustic meatus 


FIGIJRE 7.109. Parts of ear. A eoronal seetion ofthe ear, vvith aeeompanying orientation figure, demonstrates that the ear has three parts: external, 
middle, and internal. The external ear eonsists of the auricle and external acoustic meatus. The middle ear is an air spaee in which the auditory ossieles 
are loeated. The internal ear eontains the membranous labyrinth; its ehief divisions are the eoehlear labyrinth and the vestibular labyrinth. 
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Helix 


Crura of antihelix 



Seapha 
Antihelix 


Opening of- 

external 

acoustic nneatus 


Cy 


Ca 


Triangular fossa 
of antihelix 


Goneha of auricle 

eymba (Cy) 
eavity (Ca) 

Tragus 

intertragie noteh 


Antitragus 


Lobule of auricle 


FIGURE 7.110. Extemal ear. The parts of the auricle eommonly used in 
elinieal deseriptions are labeled. The external ear includes the auricle and 
external acoustic meatus. 


mastoid lymph nodes and deep eervieal lymph nodes; and 
the remainder of the anriele, inelnding the lobnle, drains into 

the snperfieial eervieal lymph nodes. 

EKTERNAL ACOUSTIC MEATUS 

The external aeonstie meatns is an ear eanal that leads 
inward throngh the tympanie part of the temporal bone from 
the anriele to the tympanie membrane, a distanee of 2-3 em 
in adnlts (Fig. 7.109). The lateral third of this slightly S-shaped 
eanal is eartilaginons and is lined with skin that is eontinnons 
with the anrienlar skin. The medial two thirds of the meatns 
is bony and lined with thin skin that is eontinnons with the 
external layer of the tympanie membrane. The eernminons 
and sebaeeons glands in the snbentaneons tissne of the earti- 
laginons part of the meatns prodnee eeramen (earwax). 

The tympanie membrane, approximately 1 em in diameter, 
is a thin, oval semitransparent membrane at the medial end of 
the external aeonstie meatns (Figs. 7.109 and 7.112). This mem- 
brane forms a partition between the extemal aeonstie meatns 
and the tympanie eavity of the middle ear. The tympanie mem- 
brane is eovered with thin skin extemally and mneons mem- 
brane of the middle ear intemally. Viewed throngh an otoseope, 
the tympanie membrane has a eoneavity toward the extemal 
aeonstie meatns with a shallow, eone-like eentral depression, 
the peak of which is the umbo (Fig. 7.112A) (see the blne box 
“Otoseopie Examination,” p. 977). The eentral axis of the tym- 
panie membrane passes perpendienlarly throngh the nmbo like 
the handle of an nmbrella, mnning anteriorly and inferiorly as it 
mns laterally. Thns, the tympanie membrane is oriented like a 
mini radar or satellite dish positioned to reeeive signals eoming 
from the gronnd in front and to the side of the head. 

Snperior to the lateral proeess of the mallens (one of the 
small ear bones, or anditory ossieles, of the middle ear), the 
membrane is thin and is ealled the pars flaeeida (flaeeid 
part. It laeks the radial and eirenlar flbers present in the 
remainder of the membrane, ealled the pars tensa (tense 
part). The flaeeid part forms the lateral wall of the snperior 
reeess of the tympanie eavity. 


The tympanie membrane moves in response to air vibra- 
tions that pass to it throngh the external aeonstie meatns. 
Movements of the membrane are transmitted by the andi- 
tory ossieles throngh the middle ear to the internal ear 
(Fig. 7.109). The external snrfaee of the tympanie mem- 
brane is snpplied mainly by the anrienlotemporal nerve (Fig. 
7.111A), a braneh of CN V 3 . Some innervation is snpplied by 
a small anrienlar hraneh of the vagns (CN X). The internal 
snrfaee of the tympanie membrane is snpplied by the glos- 
sopharyngeal nerve (CN IX). 

Middle Ear 

The tympanie eavity or eavity of the middle ear is 

the narrow air-filled ehamber in the petrons part of the 
temporal bone (Fig. 7.109 and 7.113). The eavityhas two 
parts: the tympanie eavity proper, the spaee direetly 
internal to the tympanie membrane, and the epitym- 
panie reeess, the spaee snperior to the membrane. The 
tympanie eavity is eonneeted anteromedially with the 
nasopharynx by the pharyngotympanie tuhe and postero- 
snperiorly with the mastoid eells throngh the mastoid 

antrnm (Figs. 7.113A and 7.114). The tympanie eavity 
is lined with mneons membrane that is eontinnons with 
the lining of the pharyngotympanie tnbe, mastoid eells, 
and mastoid antrnm. 

The eontents of the middle ear are the: 

• Anditory ossieles (mallens, inens, and stapes). 

• Stapedins and tensor tympani mnseles. 

• ehorda tympani nerve, a braneh of CN VII (Fig. 7.114). 

• Tympanie plexus of nerves. 

WALLS OF TYMPANie CAVITY 

The middle ear is shaped like a lozenge or narrow box with 
eoneave sides. It has six walls (Fig. 7.114B). 

1. The tegmental wall (roof) is formed by a thin plate of 
bone, the tegmen tympani, which separates the tympanie 
eavity from the dnra mater on the floor of the middle era- 
nial fossa. 

2. The jugular wall (floor) is formed by a layer of bone that 
separates the tympanie eavity from the snperior bnlb of 
the internal jngnlar vein. 

3. The membranous (lateral) wall is formed almost 
entirely by the peaked convexity of the tympanie mem- 
hrane; snperiorly it is formed by the lateral bony wall 
of the epitympanie reeess. The handle of the mallens is 
attaehed to the tympanie membrane, and its head extends 
into the epitympanie reeess. 

4. The labyrinthine (medial) wall (medial wall) separates 
the tympanie eavity from the internal ear. It also featnres 
the promontory of the lahyrinthine ivall, formed by the 
initial part (basal tnrn) of the eoehlea, and the oval and 
round voindovvs, which, in a dry eraninm, eommnnieate 
with the internal ear. 
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(A) Lateral view 
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(B) 

FIGIJRE 7.111. Dìsseetìon of faee and lymphatie drainage of head. A. The posterior auricular and superfìcial temporal arteries and veins and the great 
auricular and auriculotemporal nerves provide the circulation and innervation ofthe external ear. B. Lymphatie drainage is to the parotid lymph nodes and 
the mastoid and superfìcial eervieal lymph nodes, all which drain to the deep eervieal nodes. 
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(A) Otoseopie view of right tympanie membrane 
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(B) Ossieles of ear seen through tympanie membrane 


FIGIJRE 7.112. Tympanie membrane and lateral approaeh to tympanie eavity. A. An otoseopie vievv ofthe right tympanie membrane is demonstrated 
The eoneoflight is a refìeetion ofthe light ofthe otoseope. B. The tympanie membrane has been rendered semitransparent and the lateral wall ofthe 
epitympanie reeess has been removed to demonstrate the ossieles ofthe middle ear in situ. 
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ANTERIOR 

(A) Superomedial view 
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FIGIJRE 7.113. General seheme and orientation of eomponents of ear. A. The ear is shown in situ. The external acoustic meatus runs lateral to medial; 
the axis of the tympanie membrane and the axis about which the eoehlea winds runs inferiorly and anteriorly as it proeeeds laterally. The long axes of the 
bony and membranous labyrinths and of the pharyngotympanie tube and parallel tensor tympani and levator palatini muscles lie perpendicular to those of 
the tympanie membrane and eoehlea (i.e., they run inferiorly and anteriorly as they proeeed medially). 
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(B) Oblique seetion of petrous temporai bone 
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FIGIJRE 7.113. (Continued) B. The middle and internal parts ofthe ear are shovvn. The middle ear lies betvveen the tympanie membrane and the internal 
ear. Three auditory ossieles streteh from the lateral to the medial vvall of the tympanie eavity. The pharyngotympanie tube is a communication betvveen the 
anterior v\/all ofthe tympanie eavity and the lateral wa\\ ofthe nasopharynx. The internal ear is eomposed of a elosed system of membranous tubes and 
bulbs, the membranous labyrinth, vvhieh is filled vvith a fìuid ealled endolymph [orange) and bathed in surrounding fìuid ealled perilymph (pnrple). 


5. The mastoid wall (posterior wall) features an opening 
in its superior part, the aditus (L. aeeess) to the mastoid 
antrum, eonneeting the tympanie eavity to the mastoid 
eells; the eanal for the faeial nerve deseends between the 
posterior wall and the antrnm, medial to the aditns. 

6 . The anterior earotid wall separates the tympanie eav- 
ity from the earotid eanal; snperiorly, it has the opening 
of the pharyngotympanie tuhe and the eanal for the 
tensor tympani. 

The mastoid antmm is a eavity in the mastoid proeess of the 
temporal bone (Fig. 7.114A). The antrnm (L. from G., eave), 
like the tympanie eavity, is separated from the middle eranial 
fossa by a thin plate of the temporal bone, ealled the tegmen 
tympani. This strueture forms the tegmental toall (roof) for 
the ear eavities and is also part of the floor of the lateral part 
of the middle eranial fossa. The mastoid antrnm is the eom- 
mon eavity into whieh the mastoid eells open. The antrnm 
and mastoid eells are lined by mucous membrane that is eon- 
tinuous with the lining of the middle ear. Antero-inferiorly, 
the antrnm is related to the eanal for the faeial nerve. 

PHARYNGOTYMPANie TUBE 

The pharyngotympanie tube (anditory tube) eonneets the 
tympanie eavity to the nasopharynx, where it opens posterior 
to the inferior nasal meatns (Fig. 7.113). The posterolateral 
third of the tube is bony, and the remainder is eartilaginons. 
The pharyngotympanie tube is lined by mucous membrane 
that is continuous posteriorly with that of the tympanie eavity 
and anteriorly with that of the nasopharynx. 

The fnnetion of the pharyngotympanie tuhe is to equalize 
pressure in the middle ear with the atmospherie pressnre, 
thereby allowing free movement of the tympanie membrane. 


By allowing air to enter and leave the tympanie eavity, this 
tube balanees the pressnre on both sides of the membrane. 
Beeanse the walls of the eartilaginons part of the tube are 
normally in apposition, the tube must be aetively opened. 
The tube is opened by the expanding girth of the belly of 
the levator veli palatini as it eontraets longitndinally, push- 
ing against one wall while the tensor veli palatini pulls on the 
other. Beeanse these are mnseles of the soft palate, equaliz- 
ing pressnre (“popping the eardrnms”) is eommonly assoei- 
ated with aetivities such as yawning and swallowing. 

The arteries of the pharyngotympanie tuhe are derived 
from the aseending pharyngeal artery, a braneh of the exter- 
nal earotid artery, and the middle meningeal artery and 
artery of the pterygoid eanal, branehes of the maxillary artery 

(Fig. 7.115; Table 7.12). 

The veins of the pharyngotympanie tuhe drain into the 
pterygoid venons plexus. Lymphatie drainage of the tube 
is to the deep eervieal lymph nodes (Fig. 7.111B). 

The nerves of the pharyngotympanie tube arise from 
the tympanie plexus (Fig. 7.114B), which is formed by flbers of 
the glossopharyngeal nerve (CN IX). Anteriorly, the tube also 
reeeives flbers from the pterygopalatine ganglion (Fig. 7.106A). 

AUDITORY OSSIGLES 

The auditory ossieles form a mobile ehain of small hones 
aeross the tympanie eavity from the tympanie membrane to 
the oval window (L.fenestra vestihuli), an oval opening on 
the labyrinthine wall of the tympanie eavity leading to the 
vestihule of the hony lahyrinth (Figs. 7.113B and 7.116A). 
These ossieles are the flrst bones to be hilly ossifled dnring 
development and are essentially matnre at birth. The bone 
from which they are formed is exceptionally dense (hard). 
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FIGIJRE 7.114. Walls of tympanie eavity. A. This speeimen vvas disseeted vvith a drill from the medial aspeet. The tegmen tympani, forming the roof of 
the tympanie eavity and the mastoid antrum, is fairly thiek in this speeimen; usually it is extremely thin. The internal earotid artery is the main relation of 
the anterior vvall, the internal jugular vein is the main relation of the fìoor, and the faeial nerve (CN VII) is a main feature of the posterior vvall. The ehorda 
tympani passes betvveen the malleus and the incus. B. In this vievv of the middle ear, the earotid (anterior) vvall of the tympanie eavity has been removed. The 
tympanie membrane forms most of the membranous (lateral) vvall; superior to it is the epitympanie reeess, in vvhieh are housed the larger parts of the mal- 
leus and incus. Branehes of the tympanie plexus provide innervation to the mucosa of the middle ear and adjaeent pharyngotympanie tube; but one braneh, 
the lesser petrosal nerve, is eonveying presynaptie parasympathetie fìbers to the otie ganglion for seeretomotor innervation of the parotid gland. 


The ossieles are eovered with the mucous membrane lining 
the tympanie eavity; bnt nnlike other bones, they laek a snr- 
ronnding layer of osteogenie periostenm. 

IVIalleus. The malleus (L. ahammer) attaehes to the tym- 
panie membrane. The ronnded snperior head of the mal- 
leus lies in the epitympanie reeess (Fig. 7.116B). The neek 
of the malleus lies against the flaeeid part of the tympanie 
membrane, and the handle of the mallens is embedded in 
the tympanie membrane, with its tip at the nmbo; thus the 


mallens moves with the membrane. The head of the mallens 
artienlates with the inens; the tendon of the tensor tympani 
inserts into its handle near the neek. The ehorda tympani 
erosses the medial snrfaee of the neek of the mallens. The 
mallens fnnetions as a lever, with the longer of its two pro- 
eesses and its handle attaehed to the tympanie membrane. 

Incus. The incus (L. an anvil) is loeated between the maHens 
and the stapes and artienlates with them. It has a body and two 
limbs. Its large body lies in the epitympanie reeess (Fig. 7.116A), 
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FIGIJRE 7.115. Neurovascular structures in vieinity of external and middle ear. A. In this disseetion of structures deep to parotid bed, the faeial nerve 
(CN VII), the posterior belly ofthe digastrie muscle, and the nerve to it are retraeted. The deeply plaeed aseending pharyngeal artery is the only medial 
braneh of the external earotid artery. It supplies the pharynx, palatine tonsil, pharyngotympanie tube, and the medial wa\\ of the tympanie eavity before it 
terminates by sending meningeal branehes to the eranial eavity. B. Maxillary artery and its branehes. The branehes of the first (mandibular) part supply the 
external acoustic meatus and tympanie membrane. The middle meningeal artery sends branehes to the pharyngotympanie tube before entering the cranium 
through the foramen spinosum. 


where it artieulates with the head of the malleus (Fig. 7.116C). 
The long limb lies parallel to the handle of the mallens, and its 
interior end artienlates with the stapes by way of the lentienlar 
proeess, a medially direeted projeetion. The short limb is eon- 
neeted by a ligament to the posterior wall of the tympanie eavity. 

Stapes. The stapes (L. stirrnp) is the smallest ossiele. It 
has a head, two limbs, and a base (Fig. 7.116D). Its head, 
direeted laterally, artienlates with the ineus (Fig. 7.116A). The 
base (footplate) of the stapes fits into the oval toindoio on the 
medial wall of the tympanie eavity. The oval base is attaehed 
to the margins of the oval window. The base of the stapes is 
eonsiderably smaller than the tympanie membrane; as a resnlt, 
the vibratory foree of the stapes is inereased approximately 10 
times over that of the tympanie membrane. Consequently, the 
anditory ossieles inerease the foree but deerease the amplitude 
of the vibrations transmitted from the tympanie membrane 
throngh the ossieles to the internal ear (see Fig. 7.120). 


Muscles Assoeíated wíth Audítory Ossíeles. Two 

mnseles dampen or resist movements of the anditory ossieles; 
one also dampens movements (vibration) of the tympanie 
membrane. The tensor tympani is a short mnsele that arises 
from the snperior snrfaee of the eartilaginons part of the pha- 
ryngotympanie tube, the greater wing of the sphenoid, and the 
petrons part of the temporal bone (Figs. 7.113A and 7.114). 
The mnsele inserts into the handle of the mallens. The ten- 
sor tympani pulls the handle medially, tensing the tympanie 
membrane and redneing the amplitnde of its oseillations. 
This aetion tends to prevent damage to the internal ear when 
one is exposed to loud sounds. The tensor tympani is sup- 
plied by the mandibular nerve (CN V3). 

The stapedius is a tiny mnsele inside the pyramidal 
eminenee (pyramid), a hollow, eone-shaped prominenee on 
the posterior wall of the tympanie eavity (Figs. 7.112B and 
7.114B). Its tendon enters the tympanie eavity by emerging 
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FIGIJRE 7.116. Auditory ossieles. A. The ossieles in situ are shovvn. B-E. The isolated ossieles are shovvn. 


from a pinpoint foramen in the apex of the eminenee and 
inserts on the neek of the stapes. The stapedins pnlls the sta- 
pes posteriorly and tilts its base in the oval toindoto, thereby 
tightening the annlar ligament and redneing the oseillatory 
range. It also prevents exeessive movement of the stapes. The 
nerve to the stapedins arises from the faeial nerve (CN VII). 

Internal Ear 

The internal ear eontains the vestibnloeoehlear organ 

eoneerned with the reeeption of sonnd and the maintenanee 
of balanee. Bnried in the petrons part of the temporal bone 
(Figs. 7.113 and 7.117A), the internal ear eonsists of the saes 
and dnets of the membranons labyrinth. The memhranons 


lahyrinth, eontaining endolymph, is snspended within the 
perilymph-filled hony lahyrinth, either by delieate filaments 
similar to the filaments of araehnoid mater that traverse the 
snbaraehnoid spaee or by the snbstantial spiral ligament. It 
does not fioat. These finids are involved in stimnlating the 
end organs for balanee and hearing, respeetively. 

BONY LABYRINTH 

The bony labyrinth is a series of eavities (eoehlea, vestibnle, 
and semieirenlar eanals) eontained within the otie eapsnle 
of the petrons part of the temporal bone (Figs. 7.113A and 
7.117B). The otie eapsnle is made of bone that is denser 
than the remainder of the petrons temporal bone and ean 
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(D) Anterolateral view of left membranous labyrinth 


FIGIJRE 7.117. Bony and membranous labyrinths of internal ear. A. This vievv ofthe interior ofthe base ofthe cranium shovvs the temporal bone and 
the loeation of the bony labyrinth. B. The vvalls of the bony labyrinth have been earved out of the petrous temporal bone. C. A similar vievv of the bony 
labyrinth occupied by perilymph and the membranous labyrinth is shovvn. D. The membranous labyrinth, shovvn after removal from the bony labyrinth, is a 
elosed system of ducts and ehambers filled vvith endolymph and bathed by perilymph. It has three parts: the eoehlear duct, vvhieh occupies the eoehlea; the 
saccule and utricle, vvhieh occupy the vestibule; and the three semicircular ducts, vvhieh occupy the semicircular eanals. The utricle communicates vvith the 
saccule through the utriculosaccular duct. The lateral semicircular duct lies in the horizontal plane and is more horizontal than it appears in this dravving. 
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be isolated (earved) from it using a dental drill. The otie eap- 
sule is often erroneonsly illnstrated and identified as being 
the bony labyrinth. However, the hony lahyrinth is theflnid- 
filled spaee, whieh is snrronnded by the otie eapsnle, and is 
most aeenrately represented by a east of the otie eapsnle after 
removal of the snrronnding bone. 

Goehlea. The eoehlea is the shell-shaped part of the 
bony labyrinth that eontains the eoehlear duct (Fig. 7.117C), 
the part of the internal ear eoneerned with hearing. The spi- 
ral eanal of the eoehlea begins at the vestibnle and makes 
2.5 turns aronnd a bony eore, the modiolns (Fig. 7.118), the 
eone-shaped eore of spongy bone about which the spiral eanal 
of the eoehlea turns. The modiolns eontains eanals for blood 
vessels and for distribntion of the branehes of the eoehlear 
nerve. The apex of the eone-shaped modiolns, like the axis of 
the tympanie membrane, is direeted laterally, anteriorly, and 
inferiorly. The large basal turn of the eoehlea prodnees the 
promontory of the lahyrinthine toall of the tympanie eavity 
(Fig. 7.114B). At the basal turn, the bony labyrinth eommnni- 
eates with the snbaraehnoid spaee snperior to the jugular fora- 
men throngh the eoehlear aqueduct (Fig. 7.113B). It also 
featnres the round window (L.fenestra eoehleae), elosed by 
the seeondary tympanie membrane (Fig. 7.117B & C). 

Vestíbule of Bony Labyrínth. The vestibnle of the 
bony labyrinth is a small oval ehamber (approximately 5 
mm long) that eontains the ntriele and saeenle (Fig. 7.117C) 
and parts of the balaneing apparatns (vestibnlar labyrinth). 
The vestibnle featnres the oval loindoiv on its lateral wall, 
oeenpied by the base of the stapes. The vestibnle is eontinn- 
ous with the bony eoehlea anteriorly, the semieirenlar eanals 
posteriorly, and the posterior eranial fossa by the vestibn- 
lar aqueduct (Fig. 7.113B). The aqueduct extends to the 
posterior snrfaee of the petrons part of the temporal bone, 
where it opens posterolateral to the internal aeonstie meatns 
(Fig. 7.117A). The vestibnlar aqueduct transmits the endo- 
lymphatie duct (Figs. 7.113B and 7.117D) and two small 
blood vessels. 

Semícìrcular Ganals. The semicircular eanals (ante- 
rior, posterior, and lateral) eommnnieate with the ves- 
tibnle of the bony labyrinth (Fig. 7.117B). The eanals lie 
posterosnperior to the vestibnle into which they open; they 
are set at right angles to eaeh other. The eanals oeenpy three 
planes in spaee. Eaeh semieirenlar eanal forms approxi- 
mately two thirds of a eirele, and is approximately 1.5 mm 
in diameter, except at one end where there is a swelling, the 
bony ampnlla. The eanals have only five openings into the 
vestibnle beeanse the anterior and posterior eanals have one 
limb eommon to both. Lodged within the eanals are the semi- 

eirenlar dnets (Fig. 7.117C & D). 

MEMBRANOUS LABYRINTH 

The membranons labyrinth eonsists of a series of commu- 
nieating saes and ducts that are suspended in the bony laby- 
rinth (Fig. 7.117C). The labyrinth eontains endolymph, a 
watery fiuid similar in eomposition to intraeellnlar fiuid, thus 


differing in eomposition from the surrounding perilymph 
(which is like extracellular fiuid) that fills the remainder of the 
bony labyrinth. The membranons labyrinth—eomposed of 
two divisions, the vestihnlar lahyrinth and the eoehlear lahy- 
rinth —eonsists of more parts than does the bony labyrinth: 

• Vestibnlar labyrinth; ntriele and saeenle, two small 

eommnnieating saes in the vestibnle of the bony labyrinth. 

• Three semieirenlar ducts in the semieirenlar eanals. 

• Goehlear labyrinth; eoehlear duct in the eoehlea. 

The spiral ligament, a spiral thiekening of the periosteal 
lining of the eoehlear eanal, seenres the eoehlear duet to the 
spiral eanal of the eoehlea (Fig. 7.118). The remainder of 
the membranons labyrinth is snspended by delieate filaments 
that traverse the perilymph. 

The semieirenlar ducts open into the utricle throngh 
five openings, refieetive of the way the surrounding semieir- 
cular eanals open into the vestibnle. The ntriele eommnni- 
eates with the saeenle throngh the utriculosaccular duct, 
from which the endolymphatie duet arises (Fig. 7.117D). 
The saccule is continuous with the eoehlear duct through 
the ductus reuniens, a uniting duct. The utricle and saeenle 
have speeialized areas of sensory epithelinm ealled maenlae. 
The maenla of tbe ntriele (L. maeulautrieuli) is in the fioor 
of the ntriele, parallel with the base of the eraninm, whereas 
the maenla of tbe saeenle (L. maeula saeeuli) is vertieally 
plaeed on the medial wall of the saeenle. The bair eells in 
tbe maenlae are innervated by fibers of the vestibnlar divi- 
sion of the vestibnloeoeblear nerve. The primary sensory 
nenrons are in the vestibnlar ganglia (Fig. 7.119), which 
are in the internal aeonstie meatns. 

The endolymphatie duet traverses the vestihular aqueduet 
(Fig. 7.113B) and emerges throngh the bone of the posterior 
eranial fossa, where it expands into a blind pouch ealled the 

endolympbatie sae (Figs. 7.113B, 7.117C and 7.119). The 

endolymphatie sae is loeated under the dura mater on the 
posterior snrfaee of the petrons part of the temporal bone. 
The sae is a storage reservoir for excess endolymph, formed 
by the blood eapillaries in the membranons labyrinth. 

Semícírcular Ducts. Eaeh semieirenlar duct has an 
ampnlla at one end eontaining a sensory area, the ampul- 
lary erest (L. erista ampullari) (Fig. 7.119). The erests are 
sensors for reeording movements of the endolymph in the 
ampnlla resnlting from rotation of the head in the plane of 
the duct. The bair eells of tbe erests, like those of the mae- 
ulae, stimulate primary sensory nenrons, whose eell bodies 
are in the vestibnlar ganglia. 

Goehlear Duct. The eoeblear duct is a spiral tube, 
elosed at one end and triangnlar in eross seetion. The duct is 
firmly suspended aeross the eoehlear eanal between the spiral 
ligament on the external wall of the eoehlear eanal (Fig. 7.118) 
and the osseous spiral lamina of the modiolns. Spanning the 
spiral eanal in this manner, the endolymph-filled eoehlear duct 
divides the perilymph-filled spiral eanal into two ehannels that 
are continuous at the apex of the eoehlea at the belieotrema, 
a semilunar eommnnieation at the apex of the eoehlea. 
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FIGITRE 7.118. Structure of eoehlea. The eoehlea has been seetioned along the axis about which the eoehlea winds (see oríentation fignre). An isolated, 
eone-like, bony eore of the eoehlea, the modiolus, is shown after the turns of the eoehlea are removed, leaving only the spiral lamina winding around it like 
the thread of a screw. Details of the area enelosed in the reetangle are also shown. 


Waves of hydraulic pressure ereated in the perilymph 
of the vestibule by the vibrations of the base of the stapes 
aseend to the apex of the eoehlea by one ehannel, the seala 
vestibuli (Fig. 7.120). The pressnre waves then pass throngh 
the helieotrema and deseend baek to the basal turn of the 
eoehlea by the other ehannel, the seala tympani. Here, the 
pressnre waves again beeome vibrations, this time of the see- 
ondary tympanie memhrane in the round window, and the 
energy initially reeeived by the (primary) tympanie mem- 
brane is fìnally dissipated into the air of the tympanie eavity. 


The roof of the eoehlear duct is formed by the vestibnlar 
membrane. The fìoor of the duct is also formed by part of the 
duct, the basilar membrane, plus the outer edge of the osse- 
ous spiral lamina. The reeeptor of anditory stimnli is the spiral 
organ (of Gorti), sitnated on the basilar membrane (Fig. 7.118). 
It is overlaid by the gelatinons teetorial membrane. 

The spiral organ eontains hair eells, the tips of which 
are embedded in the teetorial membrane. The organ is 
stimnlated to respond by deformation of the eoehlear duct 
induced by the hydraulic pressure waves in the perilymph. 
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FIGURE 7.119. Vestibulocochlear nerve. CN VIII has two parts: the eoehlear nerve (the nerve of hearing) and the vestibular nerve (the nerve of balanee). 
The eell bodies ofthe seensory fibers that make up the two parts of this nerve constitute the spiral and vestibular ganglia. 
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FIGIJRE 7.120. Sound transmission through the ear. The eoehlea is depieted sehematieally as if eonsisting of a single eoil to demonstrate the transmis- 
sion of sound stimuli through the ear. 1, Sound vvaves entering the external ear strike the tympanie membrane, causing it to vibrate. 2, Vibrations initiated 
at the tympanie membrane are transmitted through the ossieles of the middle ear and their articulations. 3, The base of the stapes vibrates vvith inereased 
strength and deereased amplitude in the oval vvindovv. 4, Vibrations ofthe base ofthe stapes ereate pressure vvaves in the perilymph ofthe seala vestibuli. 

5, Pressure waves in the seala vestibuli cause displaeement ofthe basilar membrane ofthe eoehlear duct. Short waves (high piteh) cause displaeement near 
the oval window; longer waves (low piteh) cause more distant displaeement, nearer to the helieotrema at the apex of the eoehlea. Movement of the basilar 
membrane bends the hair eells ofthe spiral organ. Neurotransmitter is released, stimulating aetion potentials eonveyed by the eoehlear nerve to the brain. 6, 
Vibrations are transferred aeross the eoehlear duct to the perilymph of the seala tympani. 7, Pressure waves in the perilymph are dissipated (dampened) by 
the seeondary tympanie membrane at the round window into the air of the tympanie eavity. 


which aseend and deseend in the snrronnding sealae ves- 
tibnli and tympani. 

INTERNAL ACOUSTIC MEATUS 

The internal aeonstie meatns is a narrow eanal that rnns 
laterally for approximately 1 em within the petrons part of the 
temporal bone (Fig. 7.117A). The intemal aeonstie meatns 


opening is in the posteromedial part of this bone, in line with 
the external aeonstie meatns. The internal aeonstie meatns is 
elosed laterally by a thin, perforated plate of bone that sepa- 
rates it from the internal ear. Throngh this plate pass the faeial 
nerve (CN VII), the vestibnloeoehlear nerve (CN VIII) and 
its divisions, and blood vessels. The vestibnloeoehlear nerve 
divides near the lateral end of the intemal aeonstie meatns into 
two parts: a eoehlear nerve and a vestibnlar nerve (Fig. 7.119). 


EAR 


External Ear Injnry 

Bleeding within the anriele resnlting from tranma 




Otoseopie Examìnation 

Examination of the extemal aeonstie meatns and tym- 

panie membrane begins by straightening the meatns. 

In adnlts, the helix is grasped and pnlled posterosnpe- 
may prodnee an auricular hematoma. A loealized riorly (up, ont, and baek). These movements rednee the enrva- 

eolleetion of blood forms between the periehon- ^^^^0 of the external aeonstie meatns, faeilitating insertion of the 

drinm and anrienlar eartilage, eansing distortion of the eon- otoseope (Fig. B7.42A). The meatns is relatively short in infants; 

tonrs ofthe anriele. As the hematoma enlarges, iteompromises therefore, extra eare mnst be exercised to prevent injnry to the 

the blood snpply to the eartilage. If nntreated (e.g., by aspira- tympanie membrane. The meatns is straightened in infants by 

tion of blood), fibrosis (formation of fibrons tissne) develops pulling the anriele inferoposteriorly (down and baek). The 

in the overlying skin, forming a deformed anriele (e.g., the examination also provides a elne to tendemess, whieh ean indi- 

eaulifiower or boxer s ear of some professional boxers and ^ate infiammation of the anriele and/or the meatns. 

wrestlers). 
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FIGIJRE B7.42. A. Otoseopie examination. B. Normal tympanie membrane. 1, eone of light; 2, handle of malleus; 3, umbo; 4, long limb of incus; 
5, posterior limb of stapes. 


The tympanie membrane is normally translneent and 
pearly gray (Fig. B7.42B). The handle of the mallens is usu- 
ally visible near the eenter of the membrane (the umbo). 
From the inferior end of the handle, a bright eone oflight is 
refleeted from the otoseope’s illnminator. This light reflex is 
visible radiating antero-inferiorly in the healthy ear. 


Acute Otitìs Externa 



Otitis externa is an inflammation of the external 
aeonstie meatus. The infeetion often develops in 
swimmers who do not dry their meatus (ear eanals) 
after swimming and/or use ear drops. The inflammation may 
also be the result of a baeterial infeetion of the skin lining the 
meatus. The affeeted individual eomplains of itehing and 
pain in the external ear. Pnlling the anriele or applying pres- 
sure on the tragus inereases the pain. 


Otitis Media 



An earaehe and a bnlging red tympanie membrane 
may indieate pus or fluid in the middle ear, a sign of 
otitis media (Fig. B7.43A). infeetion of the middle 


ear is often seeondary to upper respiratory infeetions. 
Inflammation and swelling of the mueous membrane lining the 
tympanie eavity may cause partial or eomplete bloekage of the 
pharyngotympanie tube (Fig. 7.109). The tympanie membrane 
beeomes red and bulges, and the person may eomplain of “ear 
popping.” An amber-eolored bloody fluid may be observed 
through the tympanie membrane. If nntreated, otitis media 
may prodnee impaired hearing owing to searring of the audi- 
tory ossieles, limiting their ability to move in response to sound. 



Perforation of Tympanie Membrane 

Perforation of the tympanie membrane (“ruptured 
eardrum”) may result from otitis media and is one 
of several causes of middle ear deafness. Perforation 
may also result from foreign bodies in the external aeonstie 
meatus, trauma, or excessive pressure (e.g., during scuba div- 
ing). Minor ruptures of the tympanie membrane often heal 
spontaneonsly. Large ruptures usually require surgical repair. 
Because the superior half of the tympanie membrane is 
much more vascular than the inferior half, ineisions to release 
pus from a middle ear abseess {myringotomy), for example, 
are made postero-inferiorly throngh the membrane 
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(Fig. B7.43B). This ineision also avoids injnry to the ehorda 
tympani nerve and anditory ossieles. In persons with ehronie 
middle ear infeetions, myringotomy may be followed by 
insertion of tympanostomy or pressure-equalìzation (PE) 
tuhes in the ineision to enable drainage of effnsion and ven- 

tilation of pressnre (Fig. B7.43C). 


Mastoiditis 



Infeetions of the mastoid antrnm and mastoid 
eells (mastoiditis) resnlt from a middle ear infee- 
tion that eanses inflammation of the mastoid pro- 
eess (Fig. B7.44). Infeetions may spread snperiorly into 
the middle eranial fossa throngh the petrosquamous fis- 
snre in ehildren and eanse osteomyelitis (bone infeetion) 
of the tegmen tympani. Sinee the advent of antibioties, 
mastoiditis is nneommon. Dnring operations for mastoid- 
itis, snrgeons are eonseions of the eonrse of the faeial 
nerve to avoid injnring it. One point of aeeess to the tym- 
panie eavity is throngh the mastoid antrnm. In ehildren, 
only a thin plate of bone mnst be removed from the lat- 
eral wall of the antrnm to expose the tympanie eavity. In 
adnlts, bone mnst be penetrated for 15 mm or more. At 
present, most mastoideetomies are endanral (i.e., per- 
formed throngh the posterior wall of the external aeonstie 
meatns). 



FIGIJRE B7.44. Mastoìdìtìs (ruptured retro-aurìcular abseess). 


Bloekage of 

Pharyngotympanie Tube 



The pharyngotympanie tnbe forms a ronte for an 
infeetion to pass from the nasopharynx to the tym- 
panie eavity. This tnbe is easily bloeked by swelling 
of its mneons membrane, even as a resnlt of mild infeetions 
e.g., a eold), beeanse the walls of its eartilaginons part are 
normally already in apposition. When the pharyngotympanie 
tnbe is oeelnded, residnal air in the tympanie eavity is nsnally 
absorbed into the mneosal blood vessels, resnlting in lower 
pressnre in the tympanie eavity, retraetion of the tympanie 
membrane, and interferenee with its free movement. Finally, 
hearing is affeeted. 


Paralysis of Stapedius 

The tympanie mnseles have a proteetive aetion in 
that they dampen large vibrations of the tympanie 
membrane resnlting from lond noises. Paralysis of 
the stapedins (e.g., resnlting from a lesion of the faeial nerve 
is assoeiated with exeessive aenteness of hearing, ealled 
hyperacusis or hyperacusia. This eondition resnlts from 
nninhibited movements of the stapes. 




Motìon Siekness 

The maenlae of the membranons labyrinth are pri- 
marily statie organs, which have small dense parti- 
eles (otoliths) embedded among hair eells. Under 
the inflnenee of gravity, the otoliths eanse bending of the hair 
eells, which stimnlate the vestibnlar nerve, and provide 
awareness of the position of the head in spaee; the hairs also 
respond to quick tilting movements and to linear aeeelera- 
tion and deeeleration. Motion siekness resnlts from diseor- 
danee between vestibnlar and visnal stimnlation. 


Dizziness and Hearing Loss 



Injnries of the peripheral anditory system eanse three 
major symptoms: hearing loss (nsnally eondnetive hear- 
ing loss), vertigo (dizziness) when the injnry involves 
the semieirenlar dnets, ^nàtinnitns (bnzzingor ringing) when the 
injnry is loealized in the eoehlear dnet. Tinnitns and hearing loss 
may resnlt from lesions anywhere in the peripheral or eentral 
anditory pathways. The two types of hearing loss are as foUows: 


• Conductive hearing loss: resnlting from anything in the 
external or middle ear that interferes with eondnetion of 
sonnd or movement of the oval or ronnd windows. Peo- 
ple with this type of hearing loss often speak with a soft 
voiee beeanse, to them, their own voiees sonnd londer 
than baekgronnd sonnds. This type of hearing loss may be 
improved snrgieally or by nse of a hearing aid deviee. 

• Sensorinenral hearing loss: resnlting from defeets in the 
pathway from eoehlea to brain: defeets of the eoehlea, 
eoehlear nerve, brainstem, or eortieal eonneetions. Cochlear 
implants are one approaeh employed to restore sonnd per- 
eeption when the hair eells of the spiral organ have been 
damaged (Fig. B7.45). Sonnd reeeived by a small exter- 
nal mierophone are transmitted to an implanted reeeiver 
that sends eleetrieal impnlses to the eoehlea, stimnlating 
the eoehlear nerve. Hearing remains relatively ernde bnt 
enables pereeption of rhythm and intensity of sonnds. 


Ménière Syndrome 

Ménière syndrome is related to excess endolymph 
prodnetion or hloekage of the endolymphatie duct 
(Fig. 7.113B) and is eharaeterized by reenrrent attaeks 
of tinnitns, hearing loss, and vertigo. These symptoms are 
aeeompanied by a sense of pressnre in the ear, distortion of 
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FIGURE B7.45. Goehlear ìmplant. 


sounds, and sensitìvity to noises (Storper, 2010). A eharaeteristìe 
sign is ballooning of the eoehlear duet, utricle, and saeenle 
eansed by an inerease in endolymphatìe volnme. 


High Tone Deafness 

Persistent exposure to excessively loud sounds 
eanses degenerative ehanges in the spiral organ. 



resnlting in high tone deafness. This type of hearing 
loss eommonly oeenrs in vvorkers who are exposed to loud 
noises and do not wear proteetive earmnffs (e.g., individnals 
working for long periods aronnd jet engines). 


Otie Barotranma 


Injnry eansed to the ear by an imbalanee in pressnre 
between ambient (surrounding) air and the air in the 
middle ear is ealled otie harotranma. This type of 
injnry usually occurs in fliers and divers. 



The Bottom Lìne 


The ear is divided into external, middle, and internal parts. 

♦ All three parts are eoneerned with the sense of hearing, but 
the internal earalso has a vestibular fijnetion. ♦ The external 
ear is a funnel-like conduit for airborne sound waves to reaeh 
the middle ear. ♦ The protruding auricle and lateral part of 
the external acoustic meatus have an elastie eartilage skeleton 
that allows fìexibility. ♦ The primary sensory innervation of the 
external ear is provided by CN V and CN X. ♦ The tympanie 
membrane responds to airborne sound waves, eonverting them 
to vibrations transmitted by the solid medium ofthe ossieles of 
the middle ear. ♦ Because its entire lateral wall is formed by a 
thin membrane, the middle ear (tympanie eavity) is a pressure- 
sensitive spaee, ventilated by means of the pharyngotympanie 
tube. ♦ The mucosa lining both the eavity and tube is inner- 
vated by CN IX. ♦ At the oval window, between the middle 
and internal ears, the solid medium vibrations of the ossieles 
are eonverted to fìuid-borne sonar waves. ♦ The internal ear 
eonsists of a delieate and complex membranous labyrinth 
filled with fìuid that resembles intracellular fìuid (endolymph). 


suspended within a bony eave otherwise occupied by extracel- 
lularfìuid (perilymph). ♦ Although much largerand slightly less 
complex, the architecture of the bony labyrinth is a refìeetion of 
that of the membranous labyrinth. ♦ The posterior portion of 
the bony labyrinth takes the form of three semicircular eanals 
and ducts; the ampulla of eaeh of the ducts eontains an ampul- 
lary erest that is sensitive to motion of the head. ♦ The eentral 
bony vestibule eontains a membranous utricle and saccule, eaeh 
provided with a macula to monitor the position ofthe head 
relative to the line of gravitational pull. ♦ The neuroepithelial 
erests and maculae are innervated by the vestibular portion of 
CN VIII. ♦ The anterior portion of the internal ear eontains a 
membranous eoehlear duct, suspended between two limbs of 
continuous pathway for the sonar waves that are conducted 
by the perilymph; the duct and perilymphatie ehannels spiral 
through the 2.5 turns ofthe bony eoehlea. ♦ Deformation of 
the spiral organ within the eoehlear duct by the sonar waves 
stimulates impulses conducted by the eoehlear part of CN VIII 
forthe sense of hearing. 
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OVERVIEW 

The neek is the transitional area between the base of the era- 
ninm snperiorly and the elavieles inferiorly. The neek joins 
the head to the trnnk and limbs, serving as a major eondnit 
for strnetnres passing between them. In addition, several 
important organs with unique fnnetions are loeated here: the 
larynx and the thyroid and parathyroid glands, for example. 

The neek is relatively slender to allow the flexibility nee- 
essary to position the head to maximize the effieieney of its 
sensory organs (mainly the eyeballs bnt also the ears, month, 
and nose). Thns, many important strnetnres are crowded 
together in the neek, sneh as mnseles, glands, arteries, veins, 
nerves, lymphaties, traehea, esophagns, and vertebrae. Con- 
sequently, the neek is a well-known region of vnlnerability. 
Fnrther, several vital strnetnres, inelnding the traehea, esoph- 
agns, and thyroid gland, laek the bony proteetion afforded 
other parts of the systems to which these strnetnres belong. 

The main arterial blood flow to the head and neek (the 
earotid arteries) and the prineipal venons drainage (thejngn- 
larveins) lie anterolaterally in the neek (Fig. 8.1). Garotid/ jng- 
nlar blood vessels are the major strnetnres eommonly injnred 
in penetrating wounds of the neek. The hraehial plexuses of 


nerves originate in the neek and pass inferolaterally to enter 
the axillae and eontinne into and snpply the npper limbs. 

In the middle of the anterior aspeet of the neek is the 
thyroid eartilage, the largest of the eartilages of the larynx, 
and the traehea. Lymph from strnetnres in the head and neek 
drains into eervieal lymph nodes. 

BONES OF NECK 

The skeleton of the neek is formed by the eervieal vertebrae, 
hyoid bone, mannbrinm of the sternnm, and elavieles (Figs. 
8.2 and 8.3). These bones are parts of the axial skeleton except 
the elavieles, which are part of the appendienlar skeleton. 

Cervical Vertebrae 

Seven eervieal vertehrae form the eervieal region of the ver- 
tebral eolnmn, which eneloses the spinal eord and meninges. 
The staeked, eentrally plaeed vertebral bodies snpport the 
head, and the intervertebral (IV) artienlations—espeeially 
the eraniovertebral joints at its snperior end—provide the 
flexibility neeessary to allow positioning of the head. 
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FIGIJRE 8.1. Dìsseetìon of anterior neek. The faseia has been removed and the muscles on the left side have been refìeeted to shovvthe hyoid bone, 
thyroid gland, and structures related to the earotid sheath: earotid artery, internal jugular vein (IjV), vagus nerve (CN X), and deep eervieal lymph nodes. 
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(C) Laterai radiograph, vertebrae C1-C7 
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FIGIJRE 8.2. Gervieal vertebrae. A. The 3rd-6th vertebrae are “typieal” 


eervieal vertebrae; the 1st, 2nd, and 7th are “atypieal.” B and C. Illustra- 
tion and radiograph of articulated eervieal vertebrae. D. Typieal eervieal 
vertebra demonstrating a rectangular body with articular unci (uncinate 
proeesses) on its lateral aspeets, a triangular vertebral foramen, a bifid 
spinous proeess, and foramina transversaria. 
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The eervieal vertebrae, eervieal IV joints, and movement of 

the eervieal region of the vertebral eolnmn are deseribed with 

the baek (Ghapter 4); therefore, only a brief review follows. 
The fonr typieal eervieal vertehrae (3rd-6th) have the 

following eharaeteristies (Fig. 8.2A & D): 

• The vertebral body is small and longer from side to side 
than anteroposteriorly; the snperior snrfaee is eoneave, 
and the inferior snrfaee is convex. 

• The vertebral foramen is large and triangnlar. 

• The transverse proeesses of all eervieal vertebrae (typieal 
or atypieal) inelnde foramina transversaria for the ver- 
tebral vessels (the vertebral veins and, except for vertebra 
C7, the vertebral arteries). 

• The snperior faeets of the artienlar proeesses are direeted 
snperoposteriorly, and the inferior faeets are direeted 
inferoposteriorly. 

• Their spinons proeesses are short and, in individnals of 
Enropean heritage, bifid. 

There are three atypieal eervieal vertehrae (Cl, C2, and C7) 

(Fig. 8.2A): 

• The CÌ vertehra or atlas: a ring-like, kidney-shaped bone 
laeking a spinons proeess or body and eonsisting of two 
lateral masses eonneeted by anterior and posterior arehes. 
Its eoneave snperior artienlar faeets reeeive the oeeipital 
eondyles. 

• The C2 vertehra or axis: a peg-like dens (odontoid proeess) 
projeets snperiorly from its body. 

• The vertehra prominens (C7): so-named beeanse of its 
long spinons proeess, which is not bifid. Its transverse pro- 
eesses are large, bnt its foramina transversaria are small. 


Hyoid Bone 

The mobile hyoid bone (or simply, the hyoid), lies in the 
anterior part of the neek at the level of the C3 vertebra in 
the angle between the mandible and the thyroid eartilage 
(Fig. 8.3). The hyoid is snspended by mnseles that eonneet it 
to the mandible, styloid proeesses, thyroid eartilage, mann- 
brinm of the sternnm, and seapnlae. 

The hyoid is unique among bones for its isolation from the 
remainder of the skeleton. The U-shaped hyoid derives its 
name from the Greek word hyoeidgs, meaning “shaped like the 
letter npsilon,” the 20th letter in the Greek alphabet. The hyoid 
does not artienlate with any other bone. It is snspended from 
the styloid proeesses of the temporal bones by the stylohyoid 
ligaments (Fig. 8.3A) and is firmly bonnd to the thyroid earti- 
lage. The hyoid eonsists of a body and greater and lesser horns 
(L. eomna). Fnnetionally, the hyoid serves as an attaehment 
for anterior neek mnseles and a prop to keep the ainvay open. 

The body of the hyoid, its middle part, faees anteriorly 
and is approximately 2.5 em wide and 1 em thiek (Fig. 8.3B 
& e). Its anterior convex snrfaee projeets anterosnperiorly; its 
posterior eoneave snrfaee projeets postero-inferiorly. Eaeh 
end of its body is nnited to a greater horn that projeets pos- 
terosnperiorly and laterally from the body. In yonng people, 
the greater horns are nnited to the body by fibroeartilage. 
In older people, the horns are nsnally nnited by bone. Eaeh 
lesser horn is a small bony projeetion from the snperior part 
of the body of the hyoid near its nnion with the greater horn. 
It is eonneeted to the body of the hyoid by fibrons tissne and 
sometimes to the greater horn by a synovial joint. The lesser 
horn projeets snperoposteriorly toward the styloid proeess; 
it may be partly or eompletely eartilaginons in some adnlts. 


Mastoid proeess 


Styloid proeess 


Stylohyoid ligament 


Angle of mandible 


Hyoid bone 


Thyroid eartilage 



Mandible 

Traehea 

eiaviele 

Manubrium 
of sternum 


Greater horn 
Lesser horn 



Fibroeartilage 


Body of hyoid bone 


(B) Right anterolateral view 


Greater horn 


Lesser horn 


Body 


(A) Lateral view 



(C) Anterosuperior view 


FIGIJRE 8.3. Bones and eartilages of neek. A. The bony and cartilaginous landmarks ofthe neek are the vertebrae, mastoid and styloid proeesses, angles 
ofthe mandible, hyoid bone, thyroid eartilage, elaviele, and manubrium ofthe sternum. B and C. The hyoid bone and its features are demonstrated. 
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BONES OF NECK 


Gervieal Pain 

Cervical pain (neek pain) has several eanses, inelnd- 
ing inflamed lymph nodes, mnsele strain, and pro- 
tmding intervertebral (IV) dises. Enlarged eervieal 
lymph nodes may indieate a malignant tnmor in the head; 
however, the primary eaneer may be in the thorax or abdomen 
beeanse the neek eonneets the head to the tmnk (e.g., Inng 



eaneer may metastasize throngh the neek to the eraninm). 
Most ehronie eervieal pain is eansed by bony abnormalities 


{e.g., eervieal osteoarthritis) or by tranma. Gervieal pain is nsn- 


aHy affeeted by movement of the head and neek, and it may be 
exaggerated dnring eonghing or sneezing, for example. 


Injuries of Gervieal Vertebral Column 

Fraetnres and disloeations of the eervieal verte- 
hra may injnre the spinal eord and/or the verte- 
bral arteries and sympathetie plexuses passing 
throngh the foramina transversaria. See the blne boxes 
“Disloeation of Gervieal Vertebrae” (p. 457), “Fraetnre 
and Disloeation of Atlas” (p. 458), and “Fraetnre and 
Disloeation of Axis” (p. 459). 




Fraetnre of Hyoid Bone 

Fraetnre of the hyoid (or of the styloid proeesses 
of the temporal bone; see Ghapter 7), oeenrs in 
people who are mannally strangled by eompres- 
sion of the throat. This resnlts in depression of the body of 
the hyoid onto the thyroid eartilage. Inability to elevate 
the hyoid and move it anteriorly beneath the tongne 
makes swallowing and maintenanee of the separation of 
the alimentary and respiratory traets difflenlt and may 
resnlt in aspiration pnenmonia. 


FASeiA OF NECK 

Strnetnres in the neek are snrronnded by a layer of snbenta- 
neons tissne (snperfleial faseia) and are eompartmentalized 
by layers of deep eervieal faseia. The faseial planes determine 
the direetion an infeetion may spread in the neek. 

Cervìcal Subcutaneous Tissue 
and Platysma 

The eervieal subcutaneous tissue (snperfleial eervieal fas- 
eia) is a layer of fatty eonneetive tissne that lies between the 
dermis of the skin and the investing layer of deep eervieal 
faseia (Fig. 8.4A). The eervieal snbentaneons tissne is nsnally 
thinner than in other regions, espeeially anteriorly. It eontains 
entaneons nerves, blood and lymphatie vessels, snperfleial 
lymph nodes, and variable amonnts of fat. Anterolaterally, it 
eontains the platysma (Fig. 8.4B). 

PLATYSMA 

The platysma (G. flat plate) is a broad, thin sheet of mnsele 
in the snbentaneons tissne of the neek (Figs. 8.4B, 8.5, and 
Fig. 8.7A). Like other faeial and sealp mnseles, the platysma 
develops from a eontinnons sheet of mnsenlatnre derived 
from mesenehyme in the 2nd pharyngeal areh of the embryo 
and is snpplied by branehes of the faeial nerve, CN VII. The 
external jngnlar vein (EJV), deseending from the angle of 
the mandible to the middle of the elaviele (Fig. 8.1), and the 
main entaneons nerves of the neek are deep to the platysma. 

The platysma eovers the anterolateral aspeet of the neek. Its 
flbers arise in the deep faseia eovering the snperior parts of the 
deltoid and peetoralis major mnseles and sweep snperomedi- 
ally over the elaviele to the inferior border of the mandible. The 
anterior borders of the two mnseles deenssate over the ehin and 
blend with the faeial mnseles. Inferiorly, the flbers diverge, leav- 
ing a gap anterior to the larynx and traehea (Fig. 8.5). Mneh 
variation exists in terms of the eontinnity (eompleteness) of 
this mnsenlar sheet, which often oeenrs as isolated slips. The 
platysma is snpplied by the eervieal braneh of CN VII. 


The Bottom Lìne 


BONES OF NEGK 

Cervìcal vertebrae: The neek is a movable “eonneet- 
ing stalk” with a segmented axial skeleton. ♦ The staeked, 
eentrally plaeed vertebral bodies support the head. ♦ The IV 
articulations—espeeially the eraniovertebral joints at its supe- 
rior end—provide the flexibility neeessary to allow positioning 
of the head to maximize the use of its sensory organs. ♦ Mul- 
tiple proeesses of the vertebrae provide both the attaehments 
and the leverage neeessary to move the head into and maintain 
those positions. ♦ The foramina of the eervieal vertebrae pro- 
vide proteetive passage for the spinal eord and the vertebral 


arteries that nourish the bones and are a major eomponent of 
the brain’s blood supply. ♦ The vertebrae provide little protee- 
tion for other structures of the neek. 

Hyoìd bone: Unique in terms of its isolation from the rest 
of the skeleton, the U-shaped hyoid is suspended between the 
body of the mandible superiorly and the manubrium of the 
sternum inferiorly. ♦ The hyoid provides a movable base for 
the tongue and attaehment for the middle part of the pharynx. 
♦ The hyoid also maintains the pateney of the pharynx, 
required for swallowing and respiration. 
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(C) Anterosuperior view of part B 


(B) Superior view of transverse 
seetion (at level C7 vertebra) 


FIGIJRE 8.4. Seetions of head and neek demonstrating eervieal faseia. A. The right halfofthe head and neek have been seetioned in the median plane. 
The detail illustrates the faseia in the retropharyngeal region. B. This transverse seetion of the neek passes through the isthmus of the thyroid gland at the C7 
vertebral level, as indieated in part A. The outermost layer of deep eervieal faseia, the investing layer, splits to enelose the trapezius and sternoeleidomastoid 
(SCM) at the four eorners of the neek. The investing layer and its embedded muscles surround tvvo main faseial columns. The pretraeheal (viseeral) layer 
eneloses muscles and viseera in the anterior neek; the prevertebral (musculoskeletal) layer eneireles the vertebral column and assoeiated muscles. The earotid 
sheaths are neurovascular conduits related to both faseial columns. C. The faseial eompartments of the neek are shown to demonstrate an anterior midline 
approaeh to the thyroid gland. Although the larynx, traehea, and thyroid gland are nearly subcutaneous in the midline, two layers of deep eervieal faseia (the 
investing and pretraeheal layers) must be ineised to reaeh them. 
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FIGIJRE 8.5. Platysma. The thin platysma muscle spreads subcutaneously like a sheet, passes over the elavieles, and is piereed by cutaneous nerves. Much 
variation is present in the continuity of this muscular sheet. 


Aeting from its snperior attaehment to the mandible, the pla- 
tysma tenses the skin, prodneing vertieal skin ridges and releas- 
ingpressnre on the snperfìeial veins (Table 8.2). Men eommonly 
nse aetions of the platysma when shaving their neeks and when 
easing tight eollars. Aeting from its inferior attaehment, the pla- 
tysma helps depress the mandible and draw the eorners of the 
month inferiorly as in a grimaee. As a mnsele of faeial expres- 
sion, the platysma serves to eonvey tension or stress. 

Deep Cervìcal Faseìa 

The deep eervieal faseia eonsists of three faseial layers 
(sheaths): investing, pretraeheal, SLndprevertehral (Fig. 8.4A 
& B). These layers snpport the eervieal viseera (e.g., thyroid 
gland), mnseles, vessels, and deep lymph nodes. The deep 
eervieal faseia also eondenses aronnd the eommon earotid 
arteries, internal jngnlar veins (IJVs), and vagns nerves to 
form the earotid sheath (Fig. 8.4B & C). 

These three faseial layers form natnral eleavage planes 
throngh which tissnes may be separated dnring snrgery, 
and they limit the spread of abseesses (eolleetions of pns) 
resnlting from infeetions. The deep eervieal faseial layers also 
afford the slipperiness that allows strnetnres in the neek to 
move and pass over one another without diffìenlty, sneh as 
when swallowing and tnrning the head and neek. 

INVESTING LAYER OF DEEP CERVICAL FASGIA 

The investing layer of deep eervieal faseia, the most snper- 
fìeial deep faseial layer, snrronnds the entire neek deep to the 


skin and snbentaneons tissne. At the “fonr eomers” of the neek, 
it splits into snperfìeial and deep layers to enelose (invest) the 
trapezins Sind stemoeleidomastoid (SCM) mnseles (Fig. 8.4B & 
e). These mnseles are derived from the same embryonie sheet 
of mnsele and are innervated by the same nerve (CN XI). They 
have essentially eontinnons attaehments to the eranial base snpe- 
riorly and to the seapnlar spine, aeromion, and elaviele inferiorly. 

Snperiorly, the investing layer of deep eervieal faseia 
attaehes to the: 

• Snperior nnehal lines of the oeeipital bone. 

• Mastoid proeesses of the temporal bones. 

• Zygomatie arehes. 

• Inferior border of the mandible. 

• Hyoid bone. 

• Spinons proeesses of the eervieal vertebrae. 

Jnst inferior to its attaehment to the mandible, the invest- 
ing layer of deep faseia splits to enelose the snbmandibnlar 
gland; posterior to the mandible, it splits to form the fìbrons 
eapsnle of the parotid gland. The stylomandihnlar ligament 
is a thiekened modifìeation of this faseial layer (see Fig. 7.69). 

Inferiorly, the investing layer of deep eervieal faseia 
attaehes to the mannbrinm of the sternnm, elavieles, and 
aeromions and spines of the seapnlae. The investing layer of 
deep eervieal faseia is eontinnons posteriorly with the perios- 
tenm eovering the C7 spinons proeess, and with the nnehal 
ligament (L. ligamentnm nnehae), a triangnlar membrane 
that forms a median fìbrons septnm between the mnseles of 
the two sides of the neek (Fig. 8.4B). 
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Inferiorly between the sternal heads of the SCMs and jnst 
snperior to the mannbrinm, the investing layer of deep eer- 
vieal faseia remains divided into two layers to enelose the 
SCM; one layer attaehes to the anterior and the other to the 
posterior snrfaee of the mannbrinm. A suprasternal spaee 
lies between these layers (Fig. 8.4A). It eneloses the inferior 
ends of the anterior jngnlar veins, the jngnlar venons areh, 
fat, and a few deep lymph nodes. 

PRETRAGHEAL LAYER OF DEEP CERVICAL FASCIA 

The thin pretraeheal layer of deep eervieal faseia is lim- 
ited to the anterior part of the neek (Fig. 8.4). It extends 
inferiorly from the hyoid into the thorax, where it blends with 
the fìbrons perieardinm eovering the heart. The pretraeheal 
layer of faseia inelndes a thin muscular part, whieh eneloses 
the infrahyoid mnseles, and a viseeral part, whieh eneloses 
the thyroid gland, traehea, and esophagns, and is eontinnons 
posteriorly and snperiorly with the buccopharyngeal faseia 
of the pharynx. The pretraeheal layer of deep faseia blends 
laterally with the earotid sheaths. Snperior to the hyoid, a 
thiekening of the pretraeheal faseia forms a pnlley or troeh- 
lea throngh which the ìntermedìate tendon of the digastrie 
muscle passes, snspending the hyoid. By wrapping aronnd 
the lateral border of the intermediate tendon of the omohy- 
oid, the pretraeheal layer also tethers the two-bellied omo- 
hyoid musele, redireeting the eonrse of the mnsele between 
the bellies. 

PREVERTEBRAL LAYER OF DEEP CERVICAL FASCIA 

The prevertebral layer of deep eervieal faseia forms 
a tnbnlar sheath for the vertebral eolnmn and the mnseles 
assoeiated with it, sneh as the longas eolli and longns eapitis 
anteriorly, the sealenes laterally, and the deep eervieal mus- 
eles posteriorly (Fig. 8.4A & B). 

The prevertebral layer of deep faseia is fìxed to the eranial 
base snperiorly. Inferiorly, it blends with the endothoraeie 
faseia peripherally and fnses with the anterior longitndinal 
ligament eentrally at approximately the T3 vertebra (see 
ehapter 4) (Fig. 8.4A). The prevertebral faseia extends 


laterally as the axillary sheath (Chapter 6), which snrronnds 
the axillary vessels and braehial plexus. The eervieal parts of 
the sympathetie trnnks are embedded in the prevertebral 
layer of deep eervieal faseia. 

Garotid Sheath. The earotid sheatb is a tnbnlar faseial 
investment that extends from the eranial base to the root of 
the neek. This sheath blends anteriorly with the investing 
and pretraeheal layers of faseia and posteriorly with the pre- 
vertebral layer of faseia (Fig. 8.4B & C). The earotid sheath 
eontains the: 

• Common and internal earotid arteries. 

• Internal jngnlar vein. 

• Vagns nerve (CN X). 

• Some deep eervieal lymph nodes. 

• Carotid sinns nerve. 

• Sympathetie nerve fìbers (earotid peri-arterial plexuses). 

The earotid sheath and pretraeheal faseia eommnnieate 
freely with the mediastinnm of the thorax inferiorly and the 
eranial eavity snperiorly. These eommnnieations represent 
potential pathways for the spread of infeetion and extrava- 
sated blood. 

Retrophaiyngeal Spaee. The retropharyngeal spaee 

is the largest and most important interfaseial spaee in the 
neek (Fig. 8.4A-C). It is a potential spaee that eonsists of 
loose eonneetive tissne between the viseeral part of the pre- 
vertebral layer of deep eervieal faseia and the bneeopharyn- 
geal faseia snrronnding the pharynx snperfìeially. Inferiorly, 
the bneeopharyngeal faseia is eontinnons with the pretra- 
eheal layer of deep eervieal faseia. 

The alar faseia forms a fnrther snbdivision of the retro- 
pharyngeal spaee. This thin layer is attaehed along the mid- 
line of the bneeopharyngeal faseia from the eraninm to the 
level of the C7 vertebra. From this attaehment, it extends 
laterally and terminates in the earotid sheath. The retropha- 
ryngeal spaee permits movement of the pharynx, esophagns, 
larynx, and traehea relative to the vertebral eolnmn dnring 
swallowing. This spaee is elosed snperiorly by the eranial base 
and on eaeh side by the earotid sheath. It opens inferiorly 
into the snperior mediastinnm (see Chapter 1). 


CERVICAL FASeiA 


Paralysis of Platysma 

Paralysis of the platysma, resnlting from injnry to the 
eervieal braneh of the faeial nerve (Fig. 8.8), eanses 
the skin to fall away from the neek in slaek folds. 
Consequently, dnring snrgieal disseetions of the neek, extra 



direetions) by the eontraeting platysma mnsele fìbers, and an 
ngly sear may develop. 


Spread of infeetions in Neek 

The investing layer of deep eervieal faseia helps 
prevent the spread of ahseesses (purulent infee- 
tions) eansed by tissne destrnetion. If an infeetion 



eare is neeessary to preserve the eervieal braneh of the faeial oeenrs between the investing layer of deep eervieal faseia 

nerve. When sntnring wounds of the neek, snrgeons earefnlly and the mnsenlar part of the pretraeheal faseia snrronnd- 

sntnre the skin and edges of the platysma. If this is not done, ing the infrahyoid mnseles, the infeetion will nsnally not 

the skin wound will be distraeted (pnlled in different spread beyond the snperior edge of the mannbrinm of the 
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sternum. If, however, the infeetion oeenrs between the 
investing faseia and the viseeral part of pretraeheal faseia, 
it ean spread into the thoraeie eavity anterior to the peri- 
eardinm. 

Pns from an abseess posterior to the prevertebral layer 
of deep eervieal faseia may extend laterally in the neek and 
form a swelling posterior to the SCM. The pns may perfo- 
rate the prevertebral layer of deep eervieal faseia and enter 
the retropharyngeal spaee, prodneing a bnlge in the pharynx 


(retropharyngeal ahseess). This abseess may eanse diffìenlty 
in swallowing (dysphagia) and speaking (dysarthria). 

Infeetions in the head may also spread inferiorly posterior 
to the esophagns and enter the posterior mediastinnm, or 
it may spread anterior to the traehea and enter the anterior 
mediastinnm. infeetions in the retropharyngeal spaee may 
also extend inferiorly into the snperior mediastinnm. Simi- 
larly, air from a rnptnred traehea, bronehns, or esophagns 
(pnenmomediastinnm) ean pass snperiorly in the neek. 


The Bottom Lìne 


CERVICAL FASeiA 

Cervìcal subcutaneous tìssue and platysma: The subcu- 
taneous tissue (superficial eervieal faseia) is usually thinner in 
the neek than in other regions, espeeially anteriorly. ♦ It eon- 
tains the platysma, a muscle of faeial expression. 

Deep eervìeal faseìa: Like deep faseia elsewhere, the 
fìjnetion of the deep eervieal faseia is (1) to provide eontain- 
ment of muscles and viseera in eompartments with varying 
degrees of rigidity, (2) to provide the slipperiness that allows 
structures to slide over eaeh other, and (3) to serve as a 
conduit for the passage of neurovascular structures. ♦ Two 
majorfaseial eompartments ofthe neek are separated by the 
retropharyngeal spaee. ♦ Anteriorly, the pretraeheal faseia 
surrounds the eervieal viseera and extrinsic musculature asso- 


eiated with it (suprahyoid and infrahyoid muscles). ♦ Poste- 
riorly, the prevertebral faseia surrounds the musculoskeletal 
elements of the neek assoeiated with and including the eervieal 
vertebrae. ♦ These two faseial eompartments are eontained 
within the third and most superficial layer of deep eervieal fas- 
eia, the investing layer, which includes the superficial muscles 
(trapezius and SCM). ♦ The investing faseia attaehes to the 
cranium superiorly and the peetoral girdle inferiorly. ♦ Lying 
anterolateral at the eommon Junctions ofthese three layers 
are the major neurovascular conduits, the earotid sheaths. 

♦ The superior and inferior boundaries and continuities of these 
faseial layers, eompartments, and interfaseial spaees establish 
pathways for the spread of infeetion, fìuid, gas, or tumors. 


SUPERFICIAL STRUCTURES OF 
NECK: CERVICAL REGIONS 

To allow elear communication regarding the loeation of 
structures, injuries, or pathologies, the neek is divided into 
regions (Fig. 8.6; Table 8.1). Between the eraninm (mandible 
anteriorly and oeeipital bone posteriorly) and elavieles, the 
neek is divided into four major regions based on the usu- 
ally visible and/or palpable borders of the large and relatively 
snperfìeial SCM and trapezins mnseles, which are eontained 
within the ontermost (investing) layer of deep eervieal faseia. 

Sternoeleidomastoìd Regìon 

The sternoeleidomastoid (SCM) mnsele is a key muscu- 
lar landmark in the neek, forming the sternoeleidomastoid 
region. The SCM visibly divides eaeh side of the neek into 
the anterior and lateral eervieal regions (anterior and poste- 
rior triangles). The SCM is a broad, strap-like muscle that has 
two heads: the rounded tendon of the sternal head attaehes 
to the manubrium, and the thiek, fìeshy elavienlar head 
attaehes to the snperior snrfaee of the medial third of the 
elaviele (Figs. 8.6 and 8.7; Table 8.2). 


The two heads of the SCM are separated inferiorly by a 
spaee, visible snperfìeially as a small triangnlar depression, 
the lesser snpraelavienlar fossa (Fig. 8.6B). The heads 
join snperiorly as they pass obliquely upward toward the era- 
nium. The superior attaehment of the SCM is the mastoid 
proeess of the temporal bone and the snperior nuchal line of 
the oeeipital bone. The investing layer of deep eervieal faseia 
splits to form a sheath for the SCM (Fig. 8.4B). 

The SCMs prodnee movement at the eraniovertebral joints, 
the eervieal intervertebral joints, or at both (Fig. 8.7; Table 8.2). 
The eranial attaehments of the SCMs lie posterior to the axis 
of the atlanto-oeeipital (AO) joints. Starting from the anatomi- 
eal position, with tonie eontraetion maintaining the position of 
the eervieal vertebral column, bilateral eontraetion of the SCMs 
(espeeially their more posterior fìbers) will cause extension of 
the head at the AO joints, elevating the ehin (Fig. 8.7D). 

Aeting hilaterally, the SCMs ean also fìex the neek. They 
ean do this in two different ways: 

1. If initially the head is fìexed anteriorly at the AO joints 
by the prevertebral mnseles (and/or the snprahyoid and 
infrahyoid mnseles) against resistanee, the SCMs (espe- 
eially the anterior fìbers) fìex the entire eervieal vertebral 

(text eontinnes on p. 992) 
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FIGIJRE 8.6. Gervìeal regìons and trìangles. 


TABLE 8.1. GERVIGAL REGIONS/TRIANGLES AND GONTENTS 


Region^ 

Main Gontents and IJnderiying Structures 

Sternoeleidomastoid region (A) 

Sternoeleidomastoid muscle; superior part of external jugular vein; greater auricular nerve; 
transverse eervieal nerve 

Lesser supraclavicularfossa (1) 

Inferior part of internal jugular vein 

Posterior eervieal region (B) 

Trapezius muscle; cutaneous branehes of posterior rami of eervieal spinal nerves; suboccipital 
region ortriangle (E) lies deep to superior part of this region 

Lateral eervieal region (posteriortriangle) (C) 

Oeeipital triangle (2) 

Partof external jugular vein; posterior branehes of eervieal plexus of nerves; spinal aeeessory 
nerve (CN Xl);^ trunks of braehial plexus; eervieodorsal trunk; eervieal lymph node 

Omoclavicular (subclavian) triangle (3) 

Subclavian artery (third part); part of subclavian vein (sometimes); suprascapular artery; 
supraclavicular lymph nodes 

Anterior eervieal region (anteriortriangle) (D) 

Submandibular (digastrie) triangle (4) 

Submandibular gland almostfills triangle; submandibular lymph nodes; hypoglossal nerve 
(CN XII); mylohyoid nerve; parts of faeial artery and vein 

Submental triangle (5) 

Submental lymph nodes and small veins that unite to form anterior jugular vein 

Garotid triangle (6) 

earotid sheath eontaining eommon earotid artery and its branehes; internal jugular vein and 
its tributaries; vagus nerve; external earotid artery and some of its branehes; hypoglossal 
nerve (CN XII) and superior rootof ansa eerviealis; spinal aeeessory nerve (CN Xl);^ thyroid 
gland, larynx, and pharynx; deep eervieal lymph nodes; branehes of eervieal plexus 

Muscular (omotraeheal) triangle (7) 

Sternothyroid and sternohyoid muscles; thyroid and parathyroid glands 


^Letters and nunnbers in parentheses referto Figure 8.6A & B. 

^The spinal aeeessory nerve (CN XI) refers to the traditional "spinal rootof CN XI."The traditional "eranial root"is now eonsidered partof the vagus nerve (CN X) 
(Laehman et al., 2002). 
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FIGITRE 8.7. Muscles of neek. 


TABLE 8.2. CUTANEOUS AND SUPERFICIAL MUSCLES OF NECK 


Muscle 

Superior 

Attaehment 

Inferior 

Attaehment 

Innervation 

Main Aetion(s) 

Platysma 

Inferior border of 
mandible, skin, and 
subcutaneous tis- 
sues of lovverfaee 

Faseia eovering 
superior parts of 
peetoralis major 
and deltoid muscles 

eervieal braneh of 
faeial nerve (CN VII) 

Dravvs eorners of mouth infehohy and vvidens 
itas in expressions of sadness and fright; 
dravvs skin of neek superiorly vvhen teeth are 
elenehed 

Sternoeleido- 
mastoid (SCM) 

Lateral surface of 
mastoid proeess 
of temporal bone 
and lateral half of 
superior nuchal line 

Sternal head: 
anterior surface of 
manubrium of 
sternum 

Clavicular head: 
superiorsurface 
of medial third of 
elaviele 

Spinal aeeessory 
nerve (CN XI, 
motor); C2 and C3 
nerves (pain and 
prophoeeption) 

Llnilateral eontraetion: tilts head to same side 
(i.e., laterally flexes neek) and rotates itso 
faee is turned superiorly tovvard opposite side 
(Fig. 8.6C) 

Bilateral eontraetion: (1) extends neek at 
atlanto-oeeipital joints (Fig. 8.6D), (2) flexes 
eervieal vertebrae so thatehin approaehes 
manubhum (Fig. 8.6E), or(3) extends superior 
eervieal vertebrae vvhile flexing inferior vertebrae 
so ehin is thrustforvvard vvith head keptlevel 

With eervieal vertebrae fixed, may elevate 
manubrium and medial ends of elavieles, 
assisting pump-handle aetion of deep respiration 
(see ehapter 1) 

Trapezius 

Medial third of 
superior nuchal 
line, extemal oeeipi- 
tal protuberance, 
nuchal ligament, 
spinous proeesses 
of C7-T12 verte- 
brae, and lumbar 
and saeral spinous 
proeesses 

Lateral third of elav- 
iele, aeromion, and 
spine of scapula 

Spinal aeeessory 
nerve (CN XI; 
motor); C2 and C3 
nerves (pain and 
prophoeeption) 

Elevates, retraets, and rotates scapulae superiorly 

Deseending (superior) fibers: elevate scapulae/ 
shoulders, maintain level of shoulders against 
gravity or resistanee 

Transverse (middle) fibers: retractscapulae 

Aseending (inferior) fibers: depress scapulae/ 
shoulders 

Deseending and aseending fibers together: 
rotate spinous proeess of scapulae superiorly 

With shoulders fixed, bilateral eontraetion 
extends neek; unilateral eontraetion produces 
lateral flexion to same side 
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column so that the ehin approaehes the manubrmm 
(Fig. 8.7E). However, gravity is usually the prime mover 
for this movement when standing ereet. 

2. Aeting antagonistieally with the extensors of the neek 
(i.e., the deep eervieal mnseles), bilateral eontraetion of 
the SCMs ean flex the lower neek while prodneing lim- 
ited extension at the AO joint and upper neek, protrnding 
the ehin while keeping the head level. Sueh flexion move- 
ments also oceur when lifting the head off the ground 
while lying supine (with gravity providing the resistanee 
in plaee of the deep eervieal mnseles). 

It is probable that most of the time smaller synergistie mus- 
eles and/or eeeentrie eontraetion (eontrolled relaxation of the 
musele, gradually yielding to gravity; see the introdnetion) 
are involved in initiating flexion or extension, with the SCMs 
providing the power and range of movement onee initiated. 

Aetìngnnìlaterally, the SCM laterallyflexes the neek (bends 
the neek sideways) and rotates the head so the ear approaehes 
the shonlder of the ipsilateral (same) side while elevating and 
rotating the ehin toward the eontralateral (opposite) side. If 
the head and neek are flxed, hilateral eontraetion of the SCMs 
elevates the elavieles and manubrium and thus the anterior 
ribs. In this way, the SCMs aet as aeeessory mnseles of respira- 
tion in assisting prodnetion of the pump-handle movement of 
the thoraeie wall (see p. 83). 

To test the SCM, the head is turned to the opposite side 
against resistanee (hand against ehin). If it is aeting normally, 
the SCM ean be seen and palpated. 

Posterior Cervìcal Region 

The region posterior to the anterior borders of (i.e., 
eorresponding to the area of) the trapezins is the poste- 
rior eervieal region (Fig. 8.6; Table 8.1). The snhoeeipital 
region is deep to the snperior part of this region (see Fig. 8.9, 
and p. 492). The trapezins is a large, flat triangnlar muscle 
that eovers the posterolateral aspeet of the neek and thorax 
(Fig. 8.7F). The trapezins is a: 

• Snperfleial musele of the baek (see Chapter 4). 

• Posterior axio-appendieular muscle, that aets on the 
peetoral girdle (see Chapter 6). 

• Cervieal muscle, that ean prodnee movement of the 
eraninm. 

The trapezins attaehes the peetoral girdle to the eraninm and 
the vertebral column and assists in snspending it. Its attaeh- 
ments, nerve supply, and main aetions are deseribed in Table 
8.2. The skin of the posterior eervieal region is innervated in 
a segmental pattern by the posterior rami of eervieal spinal 
nerves that pieree, but do not innervate, the trapezins (see 

Fig. 4.28, and p. 483). 

To test the trapezins, the shonlder is shrngged against 
resistanee. If the muscle is aeting normally, its snperior bor- 
der ean be seen and palpated. If the trapezins is paralyzed, 
the shonlder droops; however, the eombined aetions of the 


levator seapnlae and snperior flbers of the serratns anterior 
help snpport the shonlder and may eompensate for the paral- 
ysis to some degree (see Chapter 6). 

Lateral Cervìcal Region 

The lateral eervieal region (posterior triangle) is bonnded 
(Figs. 8.6 and 8.8): 

• Anteriorly by the posterior border of the SCM. 

• Posteriorly by the anterior border of the trapezins. 

• Inferiorly by the middle third of the elaviele between the 
trapezins and the SCM. 

• By an apex, where the SCM and trapezins meet on the 
snperior nuchal line of the oeeipital bone. 

. By a roof, formed by the investing layer of deep eervieal 
faseia. 

• By Sifloor, formed by mnseles eovered by the prevertebral 
layer of deep eervieal faseia. 

The lateral eervieal region wraps around the lateral snrfaee 
of the neek like a spiral. The region is eovered by skin and 
subcutaneous tissue eontaining the platysma. 

MUSCLES IN LATERAL CERVICAL REGION 

The floor of the lateral eervieal region is usually formed by 
the prevertebral faseia overlying four museles (Fig. 8.9): 
splenius eapitis, levator seapulae, middle sealene (L. seale- 
nus medins), and posterior sealene (L. sealenns posterior). 
Sometimes the inferior part of the anterior sealene (L. seale- 
nus anterior) appears in the inferomedial angle of the lateral 
eervieal region, where it is usually hidden by the SCM. An 
oeeasional offshoot of the anterior sealene, the smallest sea- 
lene (L. sealenns minimns), passes posterior to the snbelavian 
artery to attaeh to the Ist rib (Agur and Dalley, 2013). 

For a more preeise loealization of struetures, the lateral 
eervieal region is divided into a large oeeipital triangle superi- 
orly and a small omoelavienlar triangle inferiorly by the infe- 
rior helly of the omohyoid (Table 8.1). 

• The oeeipital triangle is so ealled beeanse the oeeipital 
artery appears in its apex (Figs. 8.8 and 8.10). The most 
important nerve erossing the oeeipital triangle is the spi- 
nal aeeessory nerve (CN XI). 

• The omoelavienlar (snbelavian) triangle is indieated on 
the snrfaee of the neek by the supraelavicular fossa. The 
inferior part of the EJV erosses this triangle snperfleially; 
the suhclavian artery lies deep in it (Figs. 8.8 and 8.10). 
These vessels are separated by the investing layer of deep 
eervieal faseia. Beeanse the third part of the snbelavian 
artery is loeated in this region, the omoelavienlar triangle 
is often ealled the snbelavian triangle (Fig. 8.6). 

ARTERIES IN LATERAL CERVICAL REGION 

The arteries in the lateral eervieal region inelnde the lat- 
eral branehes of the thyroeervieal trunk, the third part of 
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the subclavian artery, and part of the oeeipital artery. The 
thyroeervieal trunk, a braneh of the subclavian artery (Figs. 
8.9-8.11) most eommonly gives rise to a suprascapular artery 
and a eervieodorsal trunk from its lateral aspeet; its termi- 
nal branehes are the aseending eervieal and inferior thyroid 
artery (disenssed on p. 995). 

The suprascapular artery passes inferolaterally aeross 
the anterior sealene mnsele and phrenie nerve (Fig. 8.10). It 
then erosses the third part of the snbelavian artery and the 
eords of the braehial plexus. It then passes posterior to the 
elaviele to snpply mnseles on the posterior aspeet of the seap- 
ula. Alternately, the suprascapular artery may arise direetly 
from the third part of the subclavian artery. 

Also arising laterally, the eervieodorsal trunk (Weiglein 
et al., 2005), sometimes known as the transverse eervi- 
eal artery, fnrther bifnreates into the snperfieial eervieal 
artery (snperfìeial braneh of transverse eervieal artery) and 
the dorsal seapnlar artery (deep braneh of transverse eer- 
vieal artery). These branehes run snperfìeially and laterally 
aeross the phrenie nerve and anterior sealene mnsele, 2-3 
em snperior to the elaviele. They then eross or pass throngh 
the trnnks of the hraehial plexus, snpplying branehes to 


their vasa nervomm (blood vessels of nerves). The super- 
fieial eervieal artery passes deep (anterior) to the trape- 
zius aeeompanying the spinal aeeessory nerve (CN XI). The 
dorsal scapular artery may arise independently, direetly 
from the third (or, less often, the seeond) part of the snbela- 
vian artery. When it is a braneh of the snbelavian, the dor- 
sal seapnlar artery passes laterally throngh the trnnks of the 
braehial plexus, anterior to the middle sealene. Regardless 
of its origin, its distal portion runs deep to the levator scapu- 
lae and rhomboid mnseles, snpplying both and partieipating 
in the arterial anastomoses aronnd the seapnla (Ghapter 6). 
The oeeipital artery, a braneh of the external earotid artery, 
enters the lateral eervieal region at its apex and aseends over 
the head to snpply the posterior half of the sealp (Fig. 8.9). 

The subclavian artery snpplies blood to the upper limb. 
The third part begins approximately a fìnger’s breadth supe- 
rior to the elaviele, opposite the lateral border of the anterior 
sealene mnsele. It is hidden in the inferior part of the lateral 
eervieal region, posterosnperior to the snbelavian vein. The 
third part of the artery is the longest and most snperfìeial part. 
It lies on the Ist rib, and its pnlsations ean be felt by applying 
deep pressnre in the omoelavienlar triangle. The artery is in 
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FIGITRE 8.11. Subclavian artery: its parts and branehes. There are three 
parts ofthe subclavian artery: medial (7), posterior (2), and lateral (3) to 
the anterior sealene muscle. The eervieodorsal trunk (transverse eervieal 
artery) and suprascapular artery oeeasionally arise direetly (or via a eom- 
mon trunk) from the seeond orthird parts ofthe subclavian artery instead 
of direetly from the thyroeervieal trunk via a eommon trunk, as shovvn here, 
or independently. 


eontaet with the Ist rib as it passes posterior to the anterior 
sealene mnsele; consequently, eompression of the snbelavian 
artery against this rib ean eontrol bleeding in the npper limb. 
The inferior trnnk of the braehial plexus lies direetly poste- 
rior to the third part of the artery. The branehes that oeea- 
sionally arise from the third part (snpraseapnlar artery, dorsal 
seapnlar artery) are aberrant forms of more typieal patterns 


in which they arise elsewhere (from the thyroeervieal trnnk 
via a eervieodorsal trnnk in partienlar). 

VEINS IN LATERAL CERVICAL REGION 

The external jngnlar vein (EJV) begins near the angle 
of the mandible (jnst inferior to the anriele) by the nnion 
of the posterior division of the retromandìhnlar vein with 
the posterior aurieular vein (Fig. 8.12). The EJV erosses the 
SCM obliquely, deep to the platysma, and enters the antero- 
inferior part of the lateral eervieal region (Fig. 8.8). It then 
pierees the investing layer of deep eervieal faseia, which 
forms the roof of this region, at the posterior border of the 
SCM. The EJV deseends to the inferior part of the lateral 
eervieal region and terminates in the snbelavian vein (Figs. 
8.10 and 8.12). It drains most of the sealp and side of the faee. 

The subclavian vein, the major venons ehannel draining 
the npper limb, enrves throngh the inferior part of the lat- 
eral eervieal region. It passes anterior to the anterior sealene 
mnsele and phrenie nerve and nnites at the medial border of 
the mnsele with the IJV to form the braehioeephalie vein, 
posterior to the medial end of the elaviele. Jnst snperior 
to the elaviele, the EJV reeeives the eervieodorsal, supra- 
seapular, and anterior jugular veins. 

NERVES OF LATERAL CERVICAL REGION 

The spinal aeeessory nerve (CN XI) passes deep to the 
SCM, snpplying it before entering the lateral eervieal region 
at or inferior to the jnnetion of the snperior and middle thirds 
of the posterior border of the SCM (Figs. 8.8 and 8.9). The 
nerve passes postero-inferiorly, within or deep to the invest- 
ing layer of deep eervieal faseia, rnnning on the levator seap- 
nlae from which it is separated by the prevertebral layer of 
faseia. CN XI then disappears deep to the anterior border of 


FIGIJRE 8.12. Superficìal veìns of neek. 

The superficial temporal and maxillary veins 
merge, formingthe retromandibular vein, the 
posterior division of vvhieh unites vvith the 
posterior auricular vein to form the EJV. 
The faeial vein reeeives the anterior division 
ofthe retromandibular vein before empty- 
ing into the internal Jugular vein, deep to 
the SCM. The anteriorJugular veins may lie 
superficial or deep to the investing layer of 
the deep eervieal faseia. 
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the trapezius at the junction of its snperior two thirds with its 
inferior one third. 

The roots of the braehial plexus (anterior rami of C5- 
C8 and Tl) appear between the anterior and the middle sea- 
lene mnseles (Fig. 8.10). The five rami nnite to form the three 
tranks of the hraehial plexus, which deseend inferolaterally 
throngh the lateral eervieal region. The plexus then passes 
between the Ist rib, elaviele, and snperior border of the seap- 
nla (the cervico-axillary eanal) to enter the axilla, providing 
innervation for most of the upper limb (see Chapter 6). 

The suprascapular nerve, which arises from the snperior 
trnnk of the hraehial plexus (not eervieal plexus), rnns laterally 
aeross the lateral eervieal region to snpply the snpraspinatns 
and infraspinatns mnseles on the posterior aspeet of the seap- 
nla. It also sends artienlar branehes to the glenohnmeral joint. 

The anterior rami of Cl-C4 make up the roots of the 
eervieal plexus (Fig. 8.13). The eervieal plexus eonsists of 
an irregnlar series of (primary) nerve loops and the branehes 
that arise from the loops. Eaeh partieipating ramns, except 
the first, divides into aseending and deseending branehes 
that unite with the branehes of the adjaeent spinal nerve 
to form the loops. The eervieal plexus lies anteromedial to 
the levator seapnlae and middle sealene mnseles and deep 
to the SCM. The snperfieial branehes of the plexus that ini- 
tially pass posteriorly are cutaneous (sensory) branehes (Fig. 
8.13A, e, & D). The deep branehes passing anteromedially 
are motor branehes, inelnding the roots of the phrenie nerve 
(to the diaphragm) and the ansa eerviealis (Fig. 8.13A & B). 

The superior root of the ansa eerviealis, eonveying 
fibers from spinal nerves C1 and C2, briefiy joins and then 
deseends from the hypoglossal nerve (CN XII) as it traverses 
the lateral eervieal region (Fig. 8.13). The inferior root of 
the ansa eerviealis arises from a loop between spinal nerves 
C2 and C3. The snperior and inferior roots of the ansa eer- 
viealis unite, forming a seeondary loop, the ansa eerviea- 
lis, eonsisting of fibers from the Cl-C3 spinal nerves, which 
braneh from the seeondary loop to snpply the infrahyoid 
mnseles, inelnding the omohyoid, sternothyroid, dìaàsterno- 
hyoid (Figs. 8.13, 8.14A, and 8.15). The fonrth infrahyoid 
mnsele, the thyrohyoid, reeeives C1 fibers, which deseend 
independently from the hypoglossal nerve, distal to the 
snperior root of the ansa eerviealis (nerve to thyrohyoid) 

(Figs. 8.13A & B and 8.14B). 

Cutaneous branehes of the eervieal plexus emerge 
aronnd the middle of the posterior border of the SCM, often 
ealled the nerve point of the neek (Fig. 8.8), and snpply 
the skin of the neek, snperolateral thoraeie wall, and sealp 
between the anriele and the external oeeipital protnberanee 
(Fig. 8.13 A, e, & D). elose to their origin, the roots of the 
eervieal plexus reeeive gray rami communicantes, most of 
which deseend from the large snperior eervieal ganglion in 
the snperior part of the neek. 

Branehes of eervieal plexus arising from the nerve loop 
between the anterior rami of C2 and C3 are the: 

• Lesser oeeipital nerve (C2): snpplies the skin of the 

neek and sealp posterosnperior to the anriele. 


• Great auricular nerve (C2 and C3): aseends vertieally 
aeross the oblique SCM to the inferior pole of the parotid 
gland, where it divides to snpply the skin over—and the 
sheath surrounding—the gland, the mastoid proeess, and 
both snrfaees of the anriele and an area of skin extending 
from the angle of the mandible to the mastoid proeess. 

• Transverse eervieal nerve (C2 and C3): snpplies the 
skin eovering the anterior eervieal region. It enrves aronnd 
the middle of the posterior border of the SCM inferior to 
the great auricular nerve and passes anteriorly and hori- 
zontally aeross it deep to the EJV and platysma, dividing 
into snperior and inferior branehes. 

The branehes of the eervieal plexus arising from the nerve 
loop formed between the anterior rami of C3-C4 are the: 

• Supraclavicular nerves (C3 and C4): emerge as a 
eommon trunk under eover of the SCM, sending small 
branehes to the skin of the neek that eross the elaviele and 
snpply the skin over the shonlder. 

In addition to the ansa eerviealis and phrenie nerves arising from 
the loops of the plexus, deep motor branehes of the eervieal 
plexus include branehes arising from the roots that snpply the 
rhomboids (dorsal seapnlar nerve; C4 and C5), serratns anterior 
(long thoraeie nerve; C5-C7), and nearby prevertebral mnseles. 

The phrenie nerves originate ehiefiy from the C4 nerve 
but reeeive contributions from the C3 and C5 nerves (Figs. 
8.10 and 8.13A). The phrenie nerves eontain motor, sensory, 
and sympathetie nerve fibers. These nerves provide the sole 
motor snpply to the diaphragm as well as sensation to its eentral 
part. In the thorax, eaeh phrenie nerve snpplies the mediasti- 
nal plenra and perieardinm (see Chapter 1). Reeeiving variable 
eommnnieating fibers in the neek from the eervieal sympathetie 
ganglia or their branehes, eaeh phrenie nerve forms at the supe- 
rior part of the lateral border of the anterior sealene mnsele at 
the level of the snperior border of the thyroid eartilage. The 
phrenie nerve deseends obliquely with the IJV aeross the ante- 
rior sealene, deep to the prevertebral layer of deep eervieal fas- 
eia and the transverse eervieal and suprascapular arteries. 

On the left, the phrenie nerve erosses anterior to the first 
part of the snbelavian artery; on the right, it lies on the ante- 
rior sealene mnsele and erosses anterior to the seeond part of 
the snbelavian artery. On both sides, the phrenie nerve runs 
posterior to the snbelavian vein and anterior to the internal 
thoraeie artery as it enters the thorax. 

The eontribntion of the C5 nerve to the phrenie nerve may 
be derived from an aeeessory phrenie nerve (Fig. 8.10). 
Frequently, it is a braneh of the nerve to the subclavius. If 
present, the aeeessory phrenie nerve lies lateral to the main 
nerve and deseends posterior and sometimes anterior to 
the snbelavian vein. The aeeessory phrenie nerve joins the 
phrenie nerve either in the root of the neek or in the thorax. 

LYMPH NODES IN LATERAL CERVICAL REGION 

Lymph from snperfieial tissnes in the lateral eervieal region 
enters the snperfieial eervieal lymph nodes that lie along 
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FIGIJRE 8.13. Gervieal plexus of nerves. A—C. The plexus eonsists of nerve loops formed betvveen the adjaeent anterior rami ofthe first four eervieal 
nerves and the reeeiving gray rami communicantes from the superior eervieal sympathetie ganglion (not shovvn here) (Fig. 8.25A). Motor (B) and sensory 
nerves (C) arise from the loops of the plexus. The ansa eerviealis (A, B) is a seeond-level loop, the superior limb of vvhieh arises from the loop betvveen the C1 
and the C2 vertebrae buttravels initially \A/ith the hypoglossal nerve (CN XII), vvhieh is not part ofthe eervieal plexus. D. The areas ofskin innervated bythe 
sensory (cutaneous) nerves ofthe eervieal plexus (derived from anterior rami) and by the posterior rami ofeervieal spinal nerves are shovvn. 
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FIGIJRE 8.14. Disseetions of anterior eervieal and suprahyoid regions. A. This superficial disseetion ofthe neek displays the submandibular gland and 
lymph nodes. B. In this disseetion ofthe suprahyoid region, the right half ofthe mandible and the superior part ofthe mylohyoid muscle have been removed. 
The cut surface of the mylohyoid beeomes progressively thinner as it is traeed anteriorly. 
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FIGITRE 8.15. Deep dìsseetion of anterior eervieal region. The eommon faeial vein and its tributaries have been removed, revealing arteries and nerves, 
including the ansa eerviealis and its branehes to the infrahyoid muscles. The faeial and lingual arteries in this person arise by a eommon trunk that passes 
deep to the stylohyoid and digastrie muscles to enter the submandibular triangle. 


the EJV superfìcial to the SCM. Efferent vessels from these 
nodes drain into the deep eervieal lymph nodes, which 
form a ehain along the course of the IJV embedded in the 
faseia of the earotid sheath (Eigs. 8.4B and 8.14A). 

Anterior Cervical Region 

The anterior eervieal region (anterior triangle) (Table 8.1) 
has the following: 

• An anterior honndary formed by the median line of the neek. 

• A posterior honndary formed by the anterior border of 

the SCM. 

• A snperior honndary formed by the inferior border of the 
mandible. 

• An apex loeated at the jugular noteh in the manubrium. 

• A roof formed by subcutaneous tissue eontaining the 
platysma. 

• Afloor formed by the pharynx, larynx, and thyroid gland. 

Eor more preeise loealization of structures, the anterior eer- 
vieal region is snbdivided into four smaller triangles by the 
digastrie and omohyoid mnseles: the nnpaired snbmental 
triangle and three small paired triangles—submandibular, 
earotid, and muscular. 


The submental triangle, inferior to the ehin, is a supra- 
hyoid area bounded inferiorly by the body of the hyoid and 
laterally by the right and left anterior bellies of the digastrie 
mnseles. The fìoor of the snbmental triangle is formed by 
the two mylohyoid mnseles, which meet in a median fibrons 
raphe (Eig. 8.14B). The apex of the snbmental triangle is 
at the mandihnlar symphysis, the site of union of the halves 
of the mandible dnring infaney. The base of the snbmental 
triangle is formed by the hyoid (Eig. 8.16). This triangle eon- 
tains several small snbmental lymph nodes and small veins 
that unite to form the anteriorjngnlar vein (Eig. 8.15). 

The snbmandibnlar triangle is a glandnlar area between 
the inferior border of the mandible and the anterior and pos- 
terior bellies of the digastrie mnsele (Eig. 8.14A). The fìoor 
of the submandibular triangle is formed by the mylohyoid 
and hyoglossns mnseles, and the middle pharyngeal eon- 
strietor. The snbmandibnlar gland nearly fìlls this triangle 
(Eig. 8.12B). (Beeanse of its fnnetional assoeiation with the 
mouth as well as its anatomieal assoeiation with the fìoor of 
the mouth, the gland is disenssed in Chapter 7, p. 945.) 

Snbmandibnlar lymph nodes lie on eaeh side of the 
submandibular gland and along the inferior border of the 
mandible (Eig. 8.14A). The hypoglossal nerve (CN XII) pro- 
vides motor innervation to the intrinsie and extrinsic mnseles 
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FIGIJRE 8.16. Superficìal dìsseetìon of anterior eervieal region. The submental triangle is bounded inferiorly by the body ofthe hyoid and laterally by the 
right and left anterior bellies of the digastrie muscles. The fìoor of this triangle is formed by the two mylohyoid muscles and the raphe between them (not dis- 
tinet here; see Fig. 8.14B). The muscular triangle is bounded by the superior belly of the omohyoid, the anterior border of the SCM and the midline. 


of the tongue. It passes into the snbmandibnlar triangle, as 
does the nerve to the mylohyoid (a braneh of CN V 3 , which 
also snpplies the anterior belly of the digastrie), parts of the 
faeial artery and vein, and the snhmental artery (a braneh of 

the faeial artery) (Figs. 8.14 and 8.15). 

The earotid triangle is a vasenlar area bonnded by the 
snperior belly of the omohyoid, the posterior belly of the 
digastrie, and the anterior border of the SCM (Figs. 8 . 6 , 
8.14A and 8.15). This triangle is important beeanse the 
eommon earotid artery aseends into it. Its pnlse ean be ans- 
enltated or palpated by eompressing it lightly against the 
transverse proeesses of the eervieal vertebrae. At the level 
of the snperior border of the thyroid eartilage, the eommon 
earotid artery divides into the internal and external earotid 
arteries (Figs. 8.15, 8.17, and Fig. 8.19). Loeated within the 
earotid triangle are the following: 

• Garotid sinns; a dilation of the proximal part of the intemal 
earotid artery (Fig. 8.17), which may involve the eommon 
earotid artery. Innervated prineipally by the glossopharyn- 
geal nerve (CN IX) throngh the earotid sinns nerve as 
well as by the vagns nerve (CN X), it is a haroreeeptor (pres- 
soreeeptor) that reaets to ehanges in arterial blood pressnre. 


• Garotid body; a small, reddish brown ovoid mass of tis- 
sne in life that lies in a septnm on the medial (deep) side of 
the bifnreation of the eommon earotid artery in elose rela- 
tion to the earotid sinns. Snpplied mainly by the earotid 
sinns nerve (CN IX) and by CN X, it is a ehemoreeeptor 
that monitors the level of oxygen in the blood. It is stim- 
nlated by low levels of oxygen and initiates a reflex that 
inereases the rate and depth of respiration, eardiae rate, 
and blood pressnre. 

The nenrovasenlar strnetnres in the earotid triangle are 
snrronnded by the earotid sheath: the earotid arteries 
medially, the IJV laterally, and the vagns nerve posteriorly 
(Fig 8.4B & e). Snperiorly, the eommon earotid is replaeed 
by the internal earotid artery. The ansa eerviealis nsnally lies 
on (or is embedded in) the anterolateral aspeet of the sheath 
(Fig. 8.15). Many deep eervieal lymph nodes lie along the 
earotid sheath and the IJV. 

The muscular triangle is bonnded by the snperior belly 
of the omohyoid mnsele, the anterior border of the SCM, 
and the median plane of the neek (Figs. 8.6 and 8.16). This 
triangle eontains the infrahyoid mnseles and viseera (e.g., the 
thyroid and parathyroid glands). 
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FIGIJRE 8.17. Garotìd body and earotìd sìnus. This small epithelioid 
body lies vvithin the bifurcation of the eommon earotid artery. The earotid 
sinus and the assoeiated netvvork of sensory fibers of the glossopharyngeal 
nerve (CN IX) are also shovvn. 


MUSCLES IN ANTERIOR CERVICAL REGION 

In the anterolateral part of the neek, the hyoid provides 
attaehments for the snprahyoid mnseles snperior to it and 
the infrahyoid mnseles inferior to it. These hyoid muscles 
steady or move the hyoid and larynx (Figs. 8.15, 8.16, and 
8.18). For deseriptive pnrposes, they are divided into snpra- 
hyoid and infrahyoid mnseles, the attaehments, innervation, 
and main aetions of whieh are presented in Table 8.3. 

The suprahyoid muscles are snperior to the hyoid and 
eonneet it to the eraninm (Figs. 8.14-8.16 and 8.18; Table 
8.3). The snprahyoid gronp of mnseles inelndes the mylo- 
hyoid, geniohyoid, stylohyoid, and digastrie mnseles. As a 
gronp, these mnseles eonstitnte the snbstanee of the floor 
of the month, snpporting the hyoid in providing a base from 
whieh the tongne fnnetions and elevating the hyoid and lar- 
ynx in relation to swallowing and tone prodnetion. Eaeh 
digastrie muscle has two bellies, joined by an interme- 
diate tendon that deseends toward the hyoid. A fihrons 
sling derived from the pretraeheal layer of deep eervieal 
faseia allows the tendon to slide anteriorly and posteriorly 
as it eonneets this tendon to the body and greater horn of 
the hyoid. 

The differenee in nerve snpply between the anterior and 
the posterior bellies of the digastrie mnseles resnlts from 
their different embryologieal origin from the Ist and 2nd 
pharyngeal arehes, respeetively. CN V snpplies derivatives 
of the Ist areh, and CN VII snpplies those of the 2nd areh. 

The infrahyoid mnseles, often ealled strap mnseles 
beeanse of their ribbon-like appearanee, are inferior to the 
hyoid (Figs. 8.14 and 8.18; Table 8.3). These fonr mnseles 
anehor the hyoid, sternnm, elaviele, and seapnla and depress 


the hyoid and larynx dnring swallowing and speaking. They 
also work with the snprahyoid mnseles to steady the hyoid, 
providing a flrm base for the tongne. The infrahyoid gronp 
of mnseles are arranged in two planes: a snperfieial plane, 
made up of the sternohyoid and omohyoid, and a deep plane, 
eomposed of the sternothyroid and thyrohyoid. 

Like the digastrie, the omohyoid has two bellies (snperior 
and inferior) nnited by an intermediate tendon. The faseial 
sling for the intermediate tendon eonneets to the elaviele. 

The sternothyroid is wider than the sternohyoid, nnder 
whieh it lies. The sternothyroid eovers the lateral lobe of the 
thyroid gland. Its attaehment to the ohligne line of the lamina 
of the thyroid eartilage immediately snperior to the gland 
limits upward extension of an enlarged thyroid (see the blne 
box “Enlargement of Thyroid Gland” on p. 1042). The thy- 
rohyoid appears to be the eontinnation of the sternothyroid 
mnsele, rnnning snperiorly from the oblique line of the thy- 
roid eartilage to the hyoid. 

ARTERIES IN ANTERIOR CERVICAL REGION 

The anterior eervieal region eontains the earotid system 
of arteries, eonsisting of the eommon earotid artery and its 
terminal branehes, the internal and external earotid arter- 
ies. It also eontains the IJV, its tribntaries, and the anterior 
jngnlar veins (Figs. 8.19 and Fig. 8.20). The eommon earotid 
artery and one of its terminal branehes, the external earotid 
artery, are the main arterial vessels in the earotid triangle. 
Branehes of the external earotid (e.g., the snperior thyroid 
artery) also originate in the earotid triangle. Eaeh eommon 
earotid artery aseends within the earotid sheath with the IJV 
and vagns nerve to the level of the snperior border of the 
thyroid eartilage. Here, eaeh eommon earotid artery termi- 
nates by dividing into the internal and external earotid arter- 
ies. The internal earotid artery has no branehes in the neek; 
the external earotid has several. 

The right eommon earotid artery begins at the bifnr- 
eation of the hraehioeephalie tmnk. The right snbelavian 
artery is the other braneh of this trnnk. From the areh of 
the aorta, the left eommon earotid artery aseends into the 
neek. Consequently, the left eommon earotid has a eonrse 
of approximately 2 em in the snperior mediastinnm before 
entering the neek. 

The internal earotid arteries are direet eontinnations 
of the eommon earotids snperior to the origin of the exter- 
nal earotid artery, at the level of the snperior border of the 
thyroid eartilage. The proximal part of eaeh internal earotid 
artery is the site of the earotid sinns, disenssed earlier on 
p. 1000 (Figs. 8.17 and 8.19). The earotid hody is loeated in 
the eleft between the internal and the external earotid arter- 
ies. The internal earotid arteries enter the eraninm throngh 
the earotid eanals in the petrons parts of the temporal bones 
and beeome the main arteries of the brain and strnetnres in 
the orbits (see Ghapter 7). No named branehes arise from 
the internal earotid arteries in the neek. 

The external earotid arteries snpply most strnetnres 
external to the eraninm; the orbit and the part of the forehead 
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FIGIJRE 8.18. Muscles of anterior eervieal region. 


TABLE 8.3. MUSCLES OF ANTERIOR GERVIGAL REGION (EXTRINSIC MUSCLES OF LARYNX) 


Muscle 

Origin 

Insertion 

Innervation 

Main Aetion(s) 

Saprahyoid muscles 

Mylohyoid 

Mylohyoid line of 
mandible 

Mylohyoid raphe 
and body of hyoid 

Nerve to mylohyoid, a braneh of 
inferior alveolar nerve (from man- 
dibular nerve, CN V3) 

E levates hyoid, floor of mouth, 
and tongue during swallowing and 
speaking 

Geniohyoid 

Inferior mental spine 
of mandible 

Body of hyoid 

C1 via hypoglossal nerve (CN XII) 

Pulls hyoid anterosuperiorly; shortens 
floor of mouth; widens pharynx 

Stylohyoid 

Styloid proeess of 
temporal bone 

Stylohyoid (preparotid) braneh of 
faeial nerve (CN VII) 

Elevates and retraets hyoid, thus 
elongating floor of mouth 

Digastrie 

Anterior belly: 
digastrie fossa of 
mandible 

Intermediate tendon 
to body and greater 
horn of hyoid 

Nerve to mylohyoid, a braneh of 
inferior alveolar nerve 

VVorking with infrahyoid muscles, 
depresses mandible against 
resistanee; elevates and steadies 
hyoid during swallowing and 
speaking 

Posterior belly: mas- 
toid noteh of tempo- 
ral bone 

Digastrie (preparotid) braneh of 
faeial nerve ((IN VII) 

Infrahyoid muscles 

Sternohyoid 

Manubrium of 
sternum and medial 
end of elaviele 

Body of hyoid 

Cl-C3 by a braneh of ansa 
eerviealis 

Depresses hyoid after elevation 
during swallowing 

Omohyoid 

Superior border 
of scapula near 
suprascapular noteh 

Inferior border of 
hyoid 

Depresses, retraets, and steadies 
hyoid 

Sternothyroid 

Posterior surface 
of manubrium of 
sternum 

Oblique line of 
thyroid eartilage 

C2 and C3 by a braneh of ansa 
eerviealis 

Depresses hyoid and larynx 

Thyrohyoid 

Oblique line of thy- 
roid eartilage 

Inferior border of 
body and greater 
horn of hyoid 

C1 via hypoglossal nerve (CN XII) 
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(B) Anteroiaterai view 

FIGITRE 8.19. Subclavìan and earotìd arteries and their branehes. A. The positions ofthe earotid sheaths are demonstrated. B. The muscles (posterior 
belly of the digastrie and omohyoid muscles) indieate the superior and inferior boundaries of the earotid triangle. 


and sealp snpplied by the snpra-orbital artery are the major 
exeeptions. There is some deep distribntion as well (e.g., via 
the middle meningeal artery). Eaeh external earotid artery 
rnns posterosnperiorly to the region between the neek of the 
mandible and the lobnle of the anriele, where it is embed- 
ded in the parotid gland, and terminates by dividing into two 
branehes, the maxillary artery and the snperfieial temporal 
artery (Fig. 8.19). Before these terminal branehes, six arter- 
ies arise from the external earotid artery: 

1. Aseending pharyngeal artery; arises as the first or seeond 
braneh of the extemal earotid artery and is its only medial 
braneh. It aseends on the pharynx deep (medial) to the 
internal earotid artery and sends branehes to the pharynx, 
prevertebral mnseles, middle ear, and eranial meninges. 

2. Oeeipital artery; arises from the posterior aspeet of the 
external earotid artery, snperior to the origin of the faeial 
artery. It passes posteriorly, immediately medial and paral- 
lel to the attaehment of the posterior belly of the digastrie 
mnsele in the oeeipital groove in the temporal bone, and 
ends by dividing into nnmerons branehes in the posterior 
part of the sealp. Dnring its eonrse, it passes snperfìeial to 
the internal earotid artery and CN IX-CN XI. 


3. Posterior auricular artery; a small posterior braneh 
of the external earotid artery, which is nsnally the last 
preterminal braneh. It aseends posteriorly between the 
external aeonstie meatns and mastoid proeess to snpply 
the adjaeent mnseles; parotid gland; faeial nerve; and 
strnetnres in the temporal bone, anriele, and sealp. 

4. Superior thyroid artery; the most inferior of the three 
anterior branehes of the external earotid artery, rnns 
antero-inferiorly deep to the infrahyoid mnseles to reaeh 
the thyroid gland. In addition to snpplying this gland, it 
gives off branehes to the infrahyoid mnseles and SCM and 
gives rise to the snperior laryngeal artery, snpplying the 
larynx. 

5. Lingual artery; arises from the anterior aspeet of the 
external earotid artery, where it lies on the middle pha- 
ryngeal eonstrietor. It arehes snpero-anteriorly and passes 
deep to the hypoglossal nerve (CN XII), the stylohyoid 
mnsele, and the posterior belly of the digastrie mnsele. 
It disappears deep to the hyoglossns mnsele, giving 
branehes to the posterior tongne. It then tnrns snperiorly 
at the anterior border of this mnsele, bifnreating into the 
deep lingnal and snblingnal arteries. 
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6. Faeial artery; arises anteriorly from the external earotid 
artery, either in eommon with the lingnal artery or imme- 
diately snperior to it (Figs. 8.15 and 8.19). After giving rise 
to the aseending palatine artery and a tonsillar artery, the 
faeial artery passes snperiorly nnder eover of the digastrie 
and stylohyoid mnseles and the angle of the mandible. It 
loops anteriorly and enters a deep groove in and snpplies 
the snbmandibnlar gland. It then gives rise to the snhmen- 
tal artery to the floor of the month and hooks aronnd the 
middle of the inferior border of the mandible to enter the 
faee. 

Memory deviee for the six hranehes of the earotid artery: 
1-2-3—one braneh arises medially (aseending pharyngeal), 
two branehes arise posteriorly (oeeipital and posterior anrie- 
nlar), and three branehes arise anteriorly (snperior thyroid, 
lingnal, and faeial). 

VEINS IN ANTERIOR CERVICAL REGION 

Most veins in the anterior eervieal region are tribntaries of 
the IJV, typieally the largest vein in the neek (Figs. 8.15 and 
8.20). The IJV drains blood from the brain, anterior faee, 
eervieal viseera, and deep mnseles of the neek. It eommenees 
at the jngnlar foramen in the posterior eranial fossa as the 
direet eontinnation of the sigmoid sinns (see Ghapter 7). 


From a dilation at its origin, the superior bulb of the 
IJV, the vein deseends in the earotid sheath (Fig. 8.19A), 
aeeompanying the internal earotid artery snperior to the 
earotid bifnreation and the eommon earotid artery and vagns 
nerve inferiorly (Fig. 8.20). The vein lies laterally within the 
earotid sheath, with the nerve loeated posteriorly. 

The eervieal sympathetie tmnk lies posterior to the earotid 
sheath. Althongh elosely related, the trnnk is not within the 
sheath; instead, it is embedded in the prevertebral layer of 
deep eervieal faseia. The IJV leaves the anterior eervieal region 
by passing deep to the SCM. The inferior end of the vein passes 
deep to the gap between the sternal and elavienlar heads of 
this mnsele. Posterior to the sternal end of the elaviele, the IJV 
merges with the snbelavian vein to form the hraehioeephalie 
vein. The inferior end of the IJV dilates to form the inferior 
bulb of the IJV. This bnlb has a bienspid valve that permits 
blood to flow toward the heart while preventing backflow into 
the vein, as might oeenr if inverted (e.g., standing on one’s 
head or when intrathoraeie pressnre is inereased). 

The tribntaries of the IJV are the inferior petrosal sinns 
and the faeial and lingnal (often by a eommon trnnk), pha- 
ryngeal, and snperior and middle thyroid veins. The oeeipi- 
tal vein nsnally drains into the snhoeeipital venons plexus, 
drained by the deep eervieal vein and the vertebral vein, bnt 
it may drain into the IJV. 


Inferior petrosal 


sinus 


External acoustic 
meatus 


Termination of 
sigmoid sinus 


Superior bulb of IJV 


Oeeipital vein 


Internal jugular vein (IJV) 


External jugular 
vein (EJV) 


Subclavian vein 



Right braehioeephalie vein 


Pharyngeal veins 
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FIGIJRE 8.20. Internal jugular 
vein. The IjV is the main venous 
structure in the neek. It originates as a 
continuation of the S-shaped sigmoid 
(dural venous) sinus. As it deseends in 
the neek, it is eontained in the earotid 
sheath. Itterminates attheTI verte- 
bral level, superiorto the sternoclavicu- 
lar joint, by uniting vvith the subclavian 
vein to form the braehioeephalie vein. 

A large valve near its termination 
prevents refìux of blood into the vein. 
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The inferior petrosal sinns leaves the eranmm throngh 
the jngnlar foramen and enters the snperior bnlb of the IJV 
(Fig. 8.20). Thefaeial vein empties into the IJV opposite or 
jnst inferior to the level of the hyoid. The faeial vein may 
reeeive the snperior thyroid, lingnal, or snblingnal veins. The 
lingaal veins form a single vein from the tongne, which emp- 
ties into the IJV at the level of origin of the lingnal artery. 
The pharyngeal veins arise from the venons plexus on the 
pharyngeal wall and empty into the IJV approximately at the 
level of the angle of the mandible. The snperior and middle 
thyroid veins leave the thyroid gland and drain into the IJV. 

NERVES IN ANTERIOR CERVICAL REGION 

Several nerves, inelnding branehes of eranial nerves, are 
loeated in the anterior eervieal region. 

• Transverse eervieal nerve (C2 and C3): snpplies the 
skin eovering the anterior eervieal region. This nerve was 
disenssed with the eervieal plexus earlier in this ehapter 

(Figs. 8.8 and 8.13). 

• Hypoglossal nerve (CN XII): the motor nerve of the 
tongne, enters the snbmandibnlar triangle deep to the 
posterior belly of the digastrie mnsele to snpply the intrin- 
sie and fonr of the fìve extrinsic mnseles of the tongne 
(Figs. 8.13A, 8.15, and 8.21). The nerve passes between 
the external earotid and jngnlar vessels and gives off the 
snperior root of the ansa eerviealis and then a braneh 
to the geniohyoid mnsele (Fig. 8.13). In both eases, the 
braneh eonveys only fìbers from the C1 spinal nerve, 
which joined its proximal part; no hypoglossal fìbers are 
eonveyed in these branehes (see Chapter 9 for details). 

• Branehes of the glossopharyngeal (CN IX) and vagns 
(CN X) nerves: in the snbmandibnlar and earotid triangles 


(Figs. 8.15 and 8.21). CN IX is primarily related to the 
tongne and pharynx. In the neek, CN X gives rise to pha- 
ryngeal, laryngeal, and eardiae branehes. 

Surface Anatomy of Cervical Regions 
and Triangles of Neek 

The skin of the neek is thin and pliable. The snbentaneons 
tissne eontains the platysma, a thin sheet of striated mnsele 
that aseends to the faee (Figs. 8.5 and 8.22A). Its fìbers ean be 
observed, espeeially in thin people, by asking them to eontraet 
the platysma mnseles (e.g., by pretending to ease a tight eollar). 

The SCM is the key mnsenlar landmark of the neek. It 
defìnes the sternoeleidomastoid region and divides the neek 
into anterior and lateral eervieal regions (Fig. 8.22B). This 
broad bnlging mnsele is easy to observe and palpate throngh- 
ont its length as it passes snperolaterally from the sternnm 
and elaviele. Its snperior attaehment to the mastoid proeess 
is palpable posterior to the lobnle of the anriele. The SCM 
ean be made to stand ont by asking the person to rotate the 
faee toward the eontralateral side and elevate the ehin. In 
this eontraeted state, the anterior and posterior borders of 
the mnsele are elearly defìned. 

The jngnlar noteh of the mannbrinm forms the inferior 
bonndary of the fossa between the sternal heads of the SCMs 
(Fig. 8.22C & D). Thesnprasternalspaee dìaàjngnlar venons 
areh are loeated snperior to this noteh (Fig. 8.16). The lesser 
snpraelavienlar fossa, between the sternal and the elavien- 
lar heads of the SCM, overlies the inferior end of the IJV 
(Fig. 8.22B & D). It ean be entered here by a needle or eath- 
eter (see 'Tnternal Jngnlar Vein Pnnetnre,” p. 1011). 

The EJV rnns vertieally aeross the SCM toward the angle 
ofthe mandihle (Fig. 8.22D). It may be prominent, espeeially 
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FIGIJRE 8.21. Relatìonshìps of nerves and vessels to suprahyoìd muscles of anterior eervieal region. The posterior belly ofthe digastrie muscle, running 
from the mastoid proeess to the hyoid, holds a superficial and key position in the neek. 
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FIGITRE 8.22. Surface anatomy of neek. A. Gontraetion ofthe platysma. 
B. The regions (A-E) and triangles { 2 - 7 ) of the neek. C. The course of the 
spinal aeeessory nerve (CN XI). D. The landmarks ofthe anterolateral neek. 

E. eheeking the subclavian artery pulse. F. Palpation of the submandibular 
lymph. 
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if distended by asking the person to take a deep breath and 
hold it, expiring against resistanee {Valsalva manenver) or by 
nsing gentle pressnre on the inferior part of the vein. These 
aetions impede venons retnrn to the right side of the heart. 
The EJV is less obvions in ehildren and middle-aged women 
beeanse their snbentaneons tissnes tend to be thieker than 
those in men. 

The great anrienlar nerve parallels the EJV, approximately 
a finger’s breadth posterior to the vein. Deep to the snperior 
half of the SCM is the eervieal plexus, and deep to the infe- 
rior half of the SCM are the IJV, eommon earotid artery, and 
vagns nerve in the earotid sheath (Eig. 8.21). 

The trapezins, which defines the posterior eervieal region, 
ean be observed and palpated by asking the person to shmg the 
shonlders against resistanee (Eig. 8.22B-D). Snperiorly, infe- 
rior to its attaehment to the external oeeipital protnheranee, 
the mnsele overlies the snhoeeipital region (see Eig. 4.37). 

The inferior belly of the omohyoid mnsele ean jnst barely 
be seen and palpated as it passes snperomedially aeross the 
inferior part of the lateral eervieal region. Easiest to observe 
in thin people, the omohyoid mnsele ean often be seen eon- 
traeting when they are speaking. 

Jnst inferior to the inferior belly of the omohyoid is the 
greater supraelavieular fossa, the depression overlying the 
omoelavieular triangle (Eig. 8.22C & D). The third part of 
the snbelavian artery passes throngh this triangle before 
eonrsing posterior to the elaviele and aeross the Ist rib. The 
greater snpraelavienlar fossa is elinieally important beeanse 
subclavian arterial pnlsations ean be palpated here in 
most people. The eonrse of the suhelavian artery in the neek 
is represented by a enrved line from the sternoelavienlar 
{SC)joint to the midpoint of the elaviele. To feel snbelavian 
pnlsations, press inferoposteriorly (down and baek) imme- 
diately posterior to the jnnetion of the medial and middle 
thirds of the elaviele (Eig. 8.22E). This is the pressnre point 
for the snbelavian artery; firmer pressnre, eompressing the 
artery against the Ist rib, ean oeelnde the artery when hemor- 
rhage is oeenrring distally in the npper limb. 

The ehief eontents of the larger oeeipital triangle, snperior 
to the omohyoid mnsele, are the spinal aeeessory nerve (CN 


XI); entaneons branehes of eervieal nerves C2, C3, and C4; 
and eervieal lymph nodes. Beeanse of the vnlnerability and 
frequency of iatrogenie injnry of the spinal aeeessory nerve, 
it is important to be able to estimate the loeation of CN XI in 
the lateral eervieal region. Its eonrse ean be approximated by 
a line that interseets the jnnetion of the snperior and middle 
thirds of the posterior border of the SCM and the jnnetion 
of the middle and lower thirds of the anterior border of the 

trapezins (Eig. 8.22C). 

The eervieal viseera and earotid arteries and their 
branehes are approaehed snrgieally throngh the anterior eer- 
vieal region, between the anterior border of the SCM and the 
midline (Eig. 8.22B). Of the fonr smaller triangles into which 
this region is snbdivided, the snbmandibnlar and earotid tri- 
angles are espeeially important elinieally. 

The suhmandihular gland nearly fills the suhmandihu- 
lar triangle. It is palpable as a soft mass inferior to the body 
of the mandible, espeeially when the apex of the tongne is 
foreed against the maxillary ineisor teeth. The suhmandihular 
lymph nodes lie snperfieial to the gland (Eig. 8.14A). These 
nodes reeeive lymph from the faee inferior to the eye and 
from the month. If enlarged, these nodes ean be palpated by 
moving the fingertips from the angle of the mandible along 
its inferior border (Eigs. 8.22D and E). If eontinned nntil 
the fingers meet nnder the ehin, enlarged suhmental lymph 
nodes ean be palpated in the suhmental triangle (Eig. 8.22B). 

The earotid arterial system is loeated in the earotid tri- 
angle. This area is important for snrgieal approaehes to the 
earotid sheath eontaining the eommon earotid artery, IJV, and 
vagns nerve (Eigs. 8.15 and 8.21). The earotid triangle also 
eontains the hypoglossal nerve (CN XII) and eervieal sympa- 
thetie trnnk. The earotid sheath ean be marked ont by a line 
joining the SC joint to a point midway between the mastoid 
proeess and the angle of the mandible. The earotid pulse 
ean be palpated by plaeing the index and 3rd fingers on the 
thyroid eartilage and pointing them posterolaterally between 
the traehea and SCM. The pnlse is palpable jnst medial to the 
SCM. The palpation is performed low in the neek to avoid 
pressnre on the earotid sinus, which eonld eanse a refiex drop 
in blood pressnre and heart rate (Eigs. 8.17 and 8.22B). 


SUPERFIC1AL STRUCTURES 
OF NECK: CERVICAL REGIONS 


eongenìtal Tortìeollìs 

Tortieollis (L. tortus, twisted + L. eollum, neek) is a 



eontraetion or shortening of the eervieal mnseles 
that prodnees twisting of the neek and slanting of the 
head. The most eommon type of tortieollis (wry neek) resnlts 
from Sifihrous tissue tumor {h. fihromatosis eolli) that devel- 
ops in the SCM before or shortly after birth. The lesion, like 
a normal nnilateral SCM eontraetion, eanses the head to tilt 


toward, and the faee to tnrn away from, the affeeted side (Eig. 
B8.1). When tortieollis oeenrs prenatally, the abnormal posi- 
tion of the infant’s head nsnally neeessitates a breeeh delivery. 

Oeeasionally, the SCM is injnred when an infant’s head 
is pnlled too mneh dnring a diffienlt birth, tearing its fibers 
{museular tortieollis) (Kliegman et ak, 2011). A hematoma 
(loealized mass of extravasated blood) oeenrs that may 
develop into a fibrotie mass that entraps a braneh of the 
spinal aeeessory nerve (CN XI) and thns denervates part of 
the SCM. The stiffness and twisting of the neek resnlts from 
fibrosis and shortening of the SCM. Snrgieal release of the 
SCM from its inferior attaehments to the mannbrinm and 
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F1GURE B8.1. 

elaviele inferior to the level of CN XI may be neeessary to 
enable the person to hold and rotate the head normally. 


and medieations and to measnre eentral venons pressnre. In 
an infraelavienlar snbelavian vein approaeh, the administrator 
plaees the thnmb of one hand on the middle part of the elaviele 
and the index fìnger on the jngnlar noteh in the mannbrinm 
(Fig. B8.2). The needle pnnetnres the skin inferior to the 
thnmb (middle of the elaviele) and is advaneed medially 
toward the tip of the index fìnger (jngnlar noteh) nntil the tip 
enters the right venons angle, posterior to the sternoelavienlar 
joint. Here the internal jngnlar and snbelavian veins merge to 
form the braehioeephalie vein. If the needle is not inserted 
earefnlly, it may pnnetnre the plenra and Inng, resnlting in 
pneumothorax. Fnrthermore, if the needle is inserted too far 
posteriorly, it may enter the snbelavian artery. When the nee- 
dle has been inserted eorreetly, a soft, fìexible eatheter is 
inserted into the snbelavian vein, nsing the needle as a gnide. 



Spasmodie Tortieollìs 

Cervical dystonia (abnormal tonieity of the eervieal 
mnseles), eommonly known as spasmodie tortieol- 
lis, nsnally begins in adnlthood. It may involve any 
bilateral eombination of lateral neek mnseles, espeeially the 
SCM and trapezins. Characteristies of this disorder are sns- 
tained tnrning, tilting, fìexing, or extending of the neek. 
Shifting the head laterally or anteriorly ean oeenr involnn- 
tarily (Fahn et ak, 2010). The shonlder is nsnally elevated and 
displaeed anteriorly on the side to which the ehin tnrns. 


Subclavian Vein Puncture 

The right or left snbelavian vein is often the point of 
entry to the venons system for eentral line plaeement, 
sneh as a Swan-Ganz eatheter. Gentral lines are 
inserted to administer parenteral (venons nntritional) fìnids 




Right Gardiae Gatheterization 

For right eardiae eatheterization (to take measnre- 
ments of pressnres in the right ehambers of the 
heart), pnnetnre of the IJV ean be nsed to introdnee 
a eatheter throngh the right braehioeephalie vein into the snpe- 
rior vena eava (SVC) and the right side of the heart. Althongh 
the preferred ronte is throngh the IJV or snbelavian vein, it may 
be neeessary in some patients to nse the EJV. This vein is not 
ideal for eatheterization beeanse its angle of jnnetion with the 
snbelavian vein makes passage of the eatheter diffìenlt. 


Prominenee of External Jugular Vein 



The EJV may serve as an “internal barometer.” 
When venons pressnre is in the normal range, the 
EJV is nsnally visible above the elaviele for only a 
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FIGURE B8.2. Subclavìan veìn puncture. 
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short distanee. However, when venons pressnre rises (e.g., as 
in heart failnre), the vein is prominent thronghont its eonrse 
along the side of the neek. Consequently, rontine observation 
of the EJVs dnring physieal examinations may give diagnostie 
signs of heart failnre, SVC obstrnetion, enlarged snpraela- 
vienlar lymph nodes, or inereased intrathoraeie pressnre. 



Severanee of External Jngnlar Veìn 

If the EJV is severed along the posterior border of 
the SCM, where it pierees the roof of the lateral 
eervieal region (e.g., by a knife slash), its Inmen is 
held open by the tongh investing layer of deep eervieal faseia, 
and the negative intrathoraeie pressnre air will snek air into 
the vein. This aetion prodnees a ehnrning noise in the thorax 
and eyanosis (a blnish diseoloration of the skin and mneons 
membranes resnlting from an excessive eoneentration of 
redneed hemoglobin in the blood). A venons air emholism 
prodneed in this way will fill the right side of the heart with 
froth, which nearly stops blood fiow throngh it, resnlting in 
dyspnea (shortness of breath). The applieation of firm pres- 
snre to the severed jngnlar vein nntil it ean be sntnred will 
stop the bleeding and entry of air into the blood. 


Lesìons of Spinal Aeeessory 
Nerve (CN XI) 



Lesions of the spinal aeeessory nerve (CN XI) are 
nneommon. This nerve may be damaged by: 


• Penetrating tranma, sneh as a stab or bnllet wound. 

• Snrgieal proeednres in the lateral eervieal region. 

• Tnmors at the eranial base or eaneerons eervieal lymph 
nodes. 

• Fraetnres of the jngnlar foramen, where CN XI leaves the 
eraninm. 


Althongh eontraetion of one SCM tnrns the head to one 
side, a nnilateral lesion of CN XI nsnally does not prodnee 
an abnormal position of the head. However, people with CN 
XI damage nsnally have weakness in tnrning the head to the 
opposite side against resistanee. Lesions of the CN XI pro- 
dnee weakness and atrophy of the trapezins, impairing neek 
movements. 

JJnilateral paralysis of the trapezins is evident by the 
patient’s inability to elevate and retraet the shonlder and by 
diffienlty in elevating the npper limb snperior to the hori- 
zontal level. The normal prominenee in the neek prodneed 
by the trapezins is also redneed. Drooping of the shonlder is 
an obvions sign of CN XI injnry. Dnring extensive snrgieal 
disseetions in the lateral eervieal region—for example, dnr- 
ing removal of eaneerons lymph nodes—the snrgeon isolates 
CN XI to preserve it, if possible. An awareness of the snper- 
fieial loeation of this nerve dnring snperfieial proeednres in 
the lateral eervieal region is important beeanse CN XI is the 
most eommonly iatrogenie nerve injnry (G. iatros, physieian 
or snrgeon). 


Severanee of Phrenie Nerve, Phrenie 
Nerve Bloek, and Phrenie Nerve Crush 

Severanee of a phrenie nerve resnlts in paralysis of 
the eorresponding half of the diaphragm (see the 
blne box “Paralysis of the Diaphragm” on p. 85). A 
phrenie nerve hloek prodnees a short period of paralysis of 
the diaphragm on one side (e.g., for a Inng operation). The 
anesthetie is injeeted aronnd the nerve where it lies on the 
anterior snrfaee of the middle third of the anterior sealene 
mnsele. A snrgieal phrenie nerve erash (e.g., eompressing the 
nerve injnrionsly with foreeps) prodnees a longer period of 
paralysis (sometimes for weeks after snrgieal repair of a dia- 
phragmatie hernia). If an aeeessory phrenie nerve is present, 
it mnst also be ernshed to prodnee eomplete paralysis of the 

Nerve Bloeks in Lateral Gervieal 
Region 

For regional anesthesia before neek snrgery, a eervi- 
eal plexus hloek inhibits nerve impnlse eondnetion. 
The anesthetie agent is injeeted at several points along 
the posterior border of the SCM, mainly at the jnnetion of its 
snperior and middle thirds, the nerve point of the neek (Figs. 8.8 
and 8.13A). Beeanse the phrenie nerve snpplying half the dia- 
phragm is nsnally paralyzed by a eervieal nerve bloek, this pro- 
eednre is not performed on persons with pnlmonary or eardiae 
disease. For anesthesia of the npper limb, the anesthetie agent 
ìn Si supraelavieular hraehial plexus hloek is injeeted aronnd the 
snpraelavienlar part of the braehial plexus. The main injeetion 
site is snperior to the midpoint of the elaviele. 

Injury to Suprascapular Nerve 

The snpraseapnlar nerve is vnlnerable to injnry in 
fraetnres of the middle third of the elaviele. Injury 
to the suprascapular nerve resnlts in loss of lateral 
rotation of the hnmerns at the glenohnmeral joint. 
Consequently the relaxed limb rotates medially into the 
voaiters tip position (see Fig. B6.12B, p. 729). The ability to 
initiate abdnetion of the limb is also affeeted. 

Ligatìon of External Garotìd Artery 

Ligation of an external earotid artery is sometimes 
neeessary to eontrol bleeding from one of its relatively 
inaeeessible branehes. This proeednre deereases 
blood fiow throngh the artery and its branehes bnt does not 
eliminate it. Blood fiows in a retrograde (backward) direetion 
into the artery from the extemal earotid artery on the other side 
throngh eommnnieations between its branehes (e.g., those in 
the faee and sealp) and aeross the midline. When the extemal 
earotid or snbelavian arteries are ligated, the deseending braneh 
of the oeeipital artery provides the main eollateral eirenlation, 
anastomosing with the vertebral and deep eervieal arteries. 
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Surgical Disseetion of Garotid 
Triangle 

The earotid triangle provides an important snrgieal 
approaeh to the earotid system of arteries. It also pro- 
vides aeeess to the IJV, the vagns and hypoglossal 
nerves, and the eervieal sympathetie tmnk. Damage or eom- 
pression of the vagns and/or reenrrent laryngeal nerves dnring 
snrgieal disseetion of the earotid triangle may prodnee an altera- 
tion in the voiee beeanse these nerves snpply laryngeal mnseles. 




Garotid Occlusion and Endartereetomy 

Atheroselerotie thiekening of the intima of the inter- 
nal earotid artery may obstrnet blood flow. Symptoms 
resnlting from this obstrnetion depend on the degree 
of obstrnetion and the amonnt of eollateral blood flow to the 
brain and strnetnres in the orbit from other arteries. A partial 
oeelnsion of the internal earotid may eanse a transient isehemie 
attaek (TIA), a sndden foeal loss of nenrologieal fnnetion (e.g., 
dizziness and disorientation) that disappears within 24 hr. 
Arterial oeelnsion may also eanse a minor stroke, a loss of nen- 
rologieal fnnetion sneh as weakness or sensory loss on one side 
of the body that exceeds 24 hr bnt disappears within 3 weeks. 

Obstrnetion of blood flow ean be observed in a Doppler 
eolor stndy (Fig. B8.3A). A Doppler is a diagnostie instrn- 
ment that emits an nltrasonie beam and deteets its refleetion 
from moving flnid (blood) in a manner that distingnishes the 
flnid from the statie snrronnding tissne, providing informa- 
tion abont its pressnre, veloeity, and tnrbnlenee. Oarotid 
oeelnsion, eansing stenosis (narrowing) in othenvise healthy 
persons (Fig. B8.3B), ean be relieved by opening the artery 
at its origin and stripping off the atheroselerotie plaque with 
the intima. This proeednre is ealled earotid endartereetomy. 
After the operation, drngs that inhibit elot formation are 
administered nntil the endothelinm has regrown. Beeanse 
of the relations of the internal earotid artery, there is risk of 
eranial nerve injnry dnring the proeednre involving one or 
more of the following nerves: CN IX, CN X (or its braneh, 
the snperior laryngeal nerve), CN XI, or CN XII (Fig. 8.21). 



(A) Doppler eolor flow study of normal internal 
earotid artery 



(B) Doppler eolor flow study of occluded earotid artery 


FIGURE B8.3. 


blood pressnre, and eardiae isehemia resnlting in fainting {syn- 
eope). In all forms of syneope, symptoms resnlt from a sndden 
and eritieal deerease in eerebral perfnsion (Hirseh et al, 2010). 
Consequently, this method of eheeking the pnlse is not reeom- 
mended for people with eardiae or vasenlar disease. Alternate 
sites, sneh as the radial artery at the wrist, shonld be nsed to 
eheek pnlse rate in people with earotid sinns hypersensitivity. 


Garotìd Pulse 



The earotid pnlse (“neek pnlse”) is easily felt by pal- 
pating the eommon earotid artery in the side of the 
neek, where it lies in a groove between the traehea 
and the infrahyoid mnseles (Fig. 8.15). It is nsnally easily pal- 
pated jnst deep to the anterior border of the SCM at the level 
of the snperior border of the thyroid eartilage. It is rontinely 
eheeked dnring eardiopnlmonary resnseitation (CPB). 
Absenee of a earotid pnlse indieates eardiae arrest. 


Garotìd Sinus Hypersensìtìvìty 

In people with earotid sinns hypersensitivity (excep- 
tional responsiveness of the earotid sinnses in varions 
types of vasenlar disease), external pressnre on the 
earotid artery may eanse slowing of the heart rate, a fall in 



Role of Garotid Bodies 

The earotid hodies are in an ideal position to moni- 
tor the oxygen eontent of blood before it reaehes the 
brain (Fig. 8.17). A deerease in Po^ (partial pressnre 
of oxygen), as oeenrs at high altitndes or in pnlmonary dis- 
ease, aetivates the aortie and earotid ehemoreeeptors, inereas- 
ing alveolar ventilation. The earotid bodies also respond to 
inereased earbon dioxide (eO^) tension or free hydrogen ions 
in the blood. The glossopharyngeal nerve (CN IX, perhaps 
with involvement of the vagns nerve) eondnets the informa- 
tion eentrally, resnlting in reflexive stimnlation of the respira- 
tory eenters of the brain that inerease the depth and rate of 
breathing. The pnlse rate and blood pressnre also inerease. 
With inereased ventilation and eirenlation, more oxygen is 
taken in and the eoneentration of eO^ is redneed aeeordingly. 
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Internal Jngnlar Pnlse 

Although pulsations are most eommonly assoeiated 
with arteries, pnlsations of the (IJV) ean provide 
information abont heart aetivity eorresponding to 
eleetroeardiogram (ECG) reeordings and right atrial pres- 
snre. The IJV pulse is not palpable in the same manner as 
arterial pnlses; however, the vein’s pnlsations are transmitted 
throngh the snrronnding tissne and may be observed beneath 
the SCM snperior to the medial end of the elaviele. 

Beeanse there are no valves in the braehioeephalie vein or 
the snperior vena eava, a wave of eontraetion passes up these 
vessels to the inferior bulb of the IJV. The pnlsations are espe- 
eially visible when the person’s head is inferior to the lower 

limbs {Trendelenhnrg position). The internal jugular pulse Sternoeleidomastoid 
inereases eonsiderably in eonditions sueh as mitral valve dis- 
ease (see Ghapter 1), which inereases pressnre in the pulmo- 
nary eirenlation and right side of the heart. The right IJV runs a Internal jugular vein 

straighter, more direet eonrse to the right atrinm than does the 
left; thus it is the one that is examined (Swartz, 2009). 


just lateral to it at a 30° angle, aiming at the apex of the tri- 
angle between the sternal and elavienlar heads of the SCM, 
the lesser supraclavicular fossa (Fig. B8.4). The needle is 
then direeted inferolaterally toward the ipsilateral nipple. 


muscle 


Subclavian vein 


Internal Jngnlar Vein Pnnetnre 

A needle and eatheter may be inserted into the IJV 
for diagnostie or therapentie pnrposes. The right 
IJV is preferable beeanse it is usually larger and 
straighter. Dnring this proeednre, the elinieian palpates the 
eommon earotid artery and inserts the needle into the IJV 


Superior vena eava 




FIGIJRE B8.4. Internal jugular veìn puncture. 


The Bottom Lìne 

SUPERFICIAL STRUCTURES OF NECK: CERVICAL REGIONS 


Sternoeleìdonnastoìd (SCM) and trapezìns: The SCM and 

trapezius muscles share their origins from a eommon embryo- 
logie source, innervation by the spinal aeeessory nerve (CN XI), 
enclosure by the investing layerofdeep eervieal faseia, a linear 
superior attaehment to the eranial base, and an inferior attaeh- 
ment to the peetoral girdle. ♦ Their superficial masses and 
palpable borders provide the basis for deseribing the regions 
of the neek. ♦ The SCM produces multiple movements of the 
head and neek. ♦ The trapezius causes multiple movements of 
the scapula, depending on whether the muscles aet unilaterally 
or bilaterally, and independently or in conjunction with eon- 
eentrie or eeeentrie eontraetion of other muscles. 

Lateral eervìeal regìon: The lateral eervieal region is 
bounded by the SCM, trapezius, and middle third ofthe elaviele, 
with a muscular floor formed by the lateral deep eervieal muscles. 
♦ It is subdivided by the diagonally plaeed inferior belly of the 
omohyoid. ♦ Most apparent within the superior oeeipital triangle 
isthe lower half ofthe external jugularvein. ♦ Most important 
elinieally is the superficially loeated spinal aeeessory nerve (CN 
XI). ♦ In the inferiorand much smaller omoclaviculartriangle, the 
braehial plexus emerges between the middle and anterior sealene 


muscles, the latter ofwhich is erossed anteriorly by the phrenie 
nerve. ♦ Superiorto the braehial plexus, and in the same plane, 
is the eervieal plexus. ♦ The cutaneous branehes of this plexus 
emerge from the midpoint of the posterior border of the SCM 
and radiate toward the sealp, auricle, anterior neek, and shoulder. 

Anterìor eervìeal regìon: The anterior eervieal region is 
inferior to the body of the mandible, extending anteriorly from 
the SCM to the midline. ♦ The bellies of the digastrie, the ante- 
rior belly of the omohyoid, and the hyoid subdivide the region 
into smaller triangles. ♦ The submental triangle is superficial 
to the floor of the mouth. ♦ The submandibular triangle, supe- 
riorto the digastrie bellies, is occupied by the submandibular 
salivary gland and submandibular lymph nodes. ♦ The faeial 
artery, coursing within this triangle, is palpable as it emerges 
from it and erosses the body of the mandible. ♦ The earotid 
triangle, between the posterior belly of the digastrie, superior 
belly ofthe omohyoid, and SCM, includes much ofthe earotid 
sheath and related structures, including the bifurcation ofthe 
eommon earotid, the earotid sinus and body, and the initial 
branehes of the external earotid artery, ♦ The muscular 
triangle is formed and occupied by the infrahyoid muscles. 
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DEEP STRUCTURES OF NECK 

The deep structures of the neek are the prevertebral mus- 
eles, loeated posterior to the eervieal viseera and anterolateral 
to the eervieal vertebral eolnmn and the viseera extending 
throngh the snperior thoraeie apertnre, at the inferiormost 
part or the root of the neek. 

Prevertebral Muscles 

The anterior and lateral vertebral or prevertebral mus- 
eles are deep to prevertebral layer of deep eervieal faseia. 
The anterior vertebral mnseles, eonsisting of the longns 
eolli and eapitis, reetns eapitis anterior, and anterior sealene 
museles, lie direetly posterior to the retropharyngeal spaee 


(Fig. 8.4A & B) and medial to the neurovascular plane of 
the eervieal and braehial plexuses and snbelavian artery. The 
lateral vertebral mnseles, eonsisting of the reetns eapitis 
lateralis, splenins eapitis, levator seapnlae, and middle and 
posterior sealene mnseles, lie posterior to this neurovascular 
plane and (except for the highly plaeed reetns eapitis lateralis) 
form the floor of the lateral eervieal region. These mnseles 
are illnstrated in Fignre 8.23; their attaehments, innervation, 
and main aetions are given in Table 8.4. 

Root of Neek 

The root of tbe neek is the jnnetional area between the 
thorax and neek (Fig. 8.24A). It is loeated on the eervieal 
side of the snperior thoraeie apertnre, throngh which pass all 


Rectus eapitis lateralis 


Longus eapitis 


Middle sealene 


Posterior sealene 


Anterior sealene 


(A) Anterior view 



Rectus eapitis 
anterior 


Middle sealene 


Posterior sealene 


Longus eolli 


Splenius 

eapitis 


Levator 


scapulae 



(B) Lateral view 


FIGIJRE 8.23. Prevertebral muscles. 


TABLE 8.4. PREVERTEBRAL MUSCLES 


1 

Muscle 

1 

Superior Attaehment 

Inferior Attaehment 

innervation 

Main Aetion(s) 

Anterior vertebral muscles 

Longus eolli 

Anterior tubercle of C1 
vertebra (atlas); bodies 
of Cl-C3 and transverse 
proeesses of C3-C6 
vertebrae 

Bodies of C5-T3 vertebrae; 
transverse proeesses of 

C3-C5 vertebrae 

Anterior rami of C2-C6 
spinal nerves 

Flexes neekvvith rotation 
(torsion) to opposite side if 
aeting unilaterally^ 

Longus eapitis 

Basilar part of oeeipital 
bone 

Anteriortubercles of C3-C6 
transverse proeesses 

Anterior rami of Cl-C3 
spinal nerves 

Flex head^ 

Rectus eapitis 
anterior 

Base of cranium, justante- 
riorto oeeipital eondyle 

Anterior surface of lateral 
mass of atlas (C1 vertebra) 

Branehes from loop betvveen 
C1 and C2 spinal nerves 

Anteriorsealene 

Transverse proeesses of 
C3-C6 vertebrae 

Ist rib 

eervieal spinal nerves 

C4-C6 
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TABLE 8.4. PREVERTEBRAL MUSCLES (Contìnued) 


Muscle 

S u perio r Attae h ment 

Inferior Attaehment 

Innervation 

Main Aetion(s) 

Lateral vertebral muscles 

Rectus eapitis 
lateralis 

J ugular proeess of 
oeeipital bone 

Transverse proeess of atlas 
(C1 vertebra) 

Branehes from loop betvveen 
C1 and C2 spinal nerves 

Flexes head and helps 
stabilize it^ 

Splenius eapitis 

Inferior half of nuchal 
ligamentand spinous 
proeesses of superior 
six thoraeie vertebrae 

Lateral aspeet of mastoid 
proeess and lateral third of 
superior nuchal line 

Posterior rami of middle 
eervieal spinal nerves 

Laterally flexes and rotates 
head and neek to same 
side; aeting bilaterally, 
extends head and neek^ 

Levator 

scapulae 

Posterior tubercles of 
transverse proeesses 
C2-C6 vertebrae 

Superior partof medial 
border of scapula 

Dorsal scapular nerve C5 
and eervieal spinal nerves 

C3 and C4 

Dovvnvvard rotation of 
scapula and tilts its glenoid 
eavity inferiorly by rotating 
scapula 

Middle sealene 

Posterior tubercles of 
transverse proeesses of 
C5-C7 vertebrae 

Superior surface of Ist rib; 
posteriorto groove forsub- 
elavian artery 

Anterior rami of eervieal 
spinal nerves 

Flexes neek laterally; 
elevates Ist rib during 
foreed inspiration^ 

Posterior 

sealene 

External borderof 2nd rib 

Anterior rami of eervieal 
spinal nerves C7 and C8 

Flexes neek laterally; 
elevates 2nd rib during 
foreed inspiration^ 


3Flexion of neek = anterior (or iaterai) bending of eervieai vertebrae C2-C7. 

‘’Fiexion of head = anterior (or iaterai) bending of the head reiative to the vertebrai eoiomn atthe atianto-oeeipitai joints. 
eRotation ofthe head occurs atthe atianto-axiai joints. 


Longus eapitis 

Middle sealene 


Anterior seaiene 


Garotid tubercle (C6) 


Longus eoiii 


Right phrenie nerve 


Esophagus 
Traehea 


Ist rib 



Left phrenie nerve 

Vertebral artery 
(entering foramen 
transversarium of C6 
superiorly) 

Aseending eervieal artery 
Inferior thyroid artery 
C5^ 


eervieal pleura overlying lung 


eervieodorsal trunk 


C6 

C7 

C8 

T1 


Anterior rami 
forming roots of 
braehial plexus 


j 


Suprascapular artery 


Right subciavian artery 

Vertebral artery 


Right eommon earotid artery 


Right lymphatie duct 


Right recurrent laryngeal nerve 


Right subciavian vein 


Thyroeervieal trunk 

Left subciavian artery 

eervieal pleura 

Thoraeie duct 

Left recurrent 
laryngeal nerve 

Internal thoraeie artery 


Left subclavian vein 


Left eommon earotid artery 


Right braehioeephalie 


Sternohyoid 


vein 


(A) Anterior view 


Braehioeephalie 

trunk 


Right and ieft vagus 
nerves (CN X) 


Left braehioeephalie vein 


FIGURE 8.24. Root of neek and prevertebral region. A. A disseetion ofthe root ofthe neek is shown. The braehial plexus and the third part ofthe subcla- 
vian artery emerge between the anterior and the middle sealene muscles. The braehioeephalie veins, the first parts of the subclavian arteries, and the internal 
thoraeie arteries arising from the subclavian arteries are elosely related to the eervieal pleura (cupula). The thoraeie duct terminates in the root of the neek as 
it enters the left venous angle. 








































1014 


ehapter 8 • Neek 


« r 

% 




k * V 

é 




.» 

• 



Basilar part of oeeipital bone 

(Basi-occiput) 




Jugular proeess 

Mastoid proeess 
Rectus eapitis lateralis 


Rectus eapitis anterior 




I 


* k 


Transverse proeess of atlas (C1) 


Lateral mass of atlas (C1) 


Levator scapulae 

Longus eapitis 


Longus eolli 


I « 


n t 


Hypoglossal nerve (CN XII) 


T ■ + 


- ^ 


C1 nerve 




ìk 


í 


k- 


L 


Prevertebral layer of deep eervieal faseia 

Superior eervieal ganglion 

Lesser oeeipital nerve (C2) 






Great auricular nerve (C2 and C3) 

Longus eapitis 

Transverse eervieal nerve (C2 and C3) 

Sympathetie trunk 

Supraclavicular nerve (C3 and C4) 


earotid tubercle of 
transverse proeess 


Middle sealene 
Posterior sealene 


Anterior sealene 


Ist rib 


• d 


ii 


f/ 


L 




I 


Anterior 

longitudinal 

ligament 


Prevertebral layer of 
deep eervieal faseia (cut) 


j 


Á 


(B) Anterior view 


eardiae nerves 
(eardiothoraeie 
splanehnie nerves) 




V 








Middle eervieal ganglion 

Aseending eervieal artery 
Vertebral artery (cut) 

Inferior thyroid artery 


Inferior eervieal ganglion 
Vertebral artery (cut) 

Dorsal scapular artery 


Thyroeervieal trunk 


\ 


Ansa subclavia 


Suprascapular artery 


I 


í 


Phrenie nerve 
Internal thoraeie artery 


Subclavian artery 


eommon earotid artery 

Typieally eombines with 1st thoraeie ganglion 
to form eervieothoraeie (stellate) ganglion 


FIGITRE 8.24. {Continued) Root of neek and prevertebral region. B. In this disseetion ofthe prevertebral region and root ofthe neek, the prevertebral 
layer of the deep eervieal faseia and the arteries and nerves have been removed from the right side; the longus eapitis muscle has been excised on the right 
side. The eervieal plexus of nerves, arising from the anterior rami of C1-C4; the braehial plexus of nerves, arising from the anterior rami of C5-C8 and T1; 
and branehes of the subclavian artery are visible on the left side. 


stmctures going from the thorax to the head or upper limb 
and viee versa (see Fig. 1.7, p. 79). The inferior bonndary of 
the root of the neek is the snperior thoraeie apertnre, formed 
laterally by the Ist pair of ribs and their eostal eartilages, 
anteriorly by the manubrium of the sternnm, and posteriorly 
by the body of T1 vertebra. The viseeral stmetnres in the 
root of the neek are deseribed in “Viseera of Neek” (p. 1018). 
Only the neurovaseular elements of the root of the neek are 
deseribed here. 


ARTERIES IN ROOT OF NEGK 

The hraehioeephalie trank is eovered anteriorly by the right 
sternohyoid and sternothyroid mnseles; it is the largest 
braneh of the areh of the aorta (Fig. 8.24). It arises in the mid- 
line from the beginning of the areh of the aorta, posterior to 
the manubrium. It passes superolaterally to the right where 
it divides into the right eommon earotid and right snbelavian 
arteries posterior to the sternoelavienlar (SC) joint. The bra- 
ehioeephalie tmnk usually has no preterminal branehes. 
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The subclavian arteries supply the upper limbs; they 
also send branehes to the neek and brain (Figs. 8.19 and 
8.24). The right snbelavian artery arises from the bra- 
ehioeephalie trunk. The left snbelavian artery arises from 
the areh of the aorta, abont 1 em distal to the left eommon 
earotid artery. The left vagns nerve runs parallel to the first 
part of the artery (Fig. 8.24A). Althongh the snbelavian arter- 
ies of the two sides have different origins, their eonrses in 
the neek begin posterior to the respeetive SC joints as they 
aseend throngh the snperior thoraeie apertnre and enter the 
root of the neek. 

The snbelavian arteries areh snperolaterally, reaehing an 
apex as they pass posterior to the anterior sealene mnseles. 
As they begin to deseend, they disappear posterior to the 
middle of the elavieles. As the snbelavian arteries eross the 
outer margin of the first ribs, their name ehanges; they 
beeome the axillary arteries. Three parts of eaeh snbelavian 
artery are deseribed relative to the anterior sealene: the first 
part is medial to the mnsele, the seeond part is posterior to 
it, and the third part is lateral to it (Figs. 8.11 and 8.24B). 
The eervieal plenrae, apiees of the lung, and sympathetie 
trnnks lie posterior to the first part of the arteries. The third 
part of the snbelavian artery was disenssed previonsly in this 
ehapter. 

The branehes of the snbelavian arteries are the: 

• Vertehral artery, internal thoraeie artery, and thyroeervi- 
eal trank from the first part of the snbelavian artery. 

• Costocervieal trank from the seeond part of the snbela- 
vian artery. 

• Dorsal seapnlar artery, often arising from the third part of 
the snbelavian artery. 

The eervieal part of the vertebral artery arises from 
the first part of the snbelavian artery and aseends in the pyra- 
midal spaee formed between the sealene and longns mnseles 
(eolli and eapitis) (Fig. 8.24). At the apex of this spaee, the 
artery passes deeply to eonrse throngh the foramina trans- 
versaria of vertebrae Cl-C6. This is the vertebral part of 
the vertebral artery. Oeeasionally, the vertebral artery may 
enter a foramen more snperior than vertebra C6. In approxi- 
mately 5% of people, the left vertebral artery arises from the 
areh of the aorta. 

The saboeeipital part of the vertebral artery eonrses 
in a groove on the posterior areh of the atlas before it enters 
the eranial eavity throngh the foramen magnnm. The era- 
nial part of the vertebral artery snpplies branehes to the 
mednlla and spinal eord, parts of the eerebellnm, and the 
dura of the posterior eranial fossa. At the inferior border of 
the pons of the brainstem, the vertebral arteries join to form 
the hasilar artery, which partieipates in the formation of the 
eerebral arterial eirele (see Chapter 7, p. 883). 

The internal thoraeie artery arises from the antero- 
inferior aspeet of the snbelavian artery and passes infero- 
medially into the thorax. The eervieal part of the internal 
thoraeie artery has no branehes; its thoraeie distribntion is 
deseribed in ehapter 1 (Figs. 1.14 and 1.15A, pp. 89-90). 


The thyroeervieal trnnk arises from the anterosnpe- 
rior aspeet of the first part of the snbelavian artery, near the 
medial border of the anterior sealene mnsele. It has four 
branehes, the largest and most important of which is the 
inferior thyroid artery, the primary viseeral artery of the 
neek, snpplying the larynx, traehea, esophagns, and thyroid 
and parathyroid glands, as well as adjaeent mnseles. The 
other branehes of the thyroeervieal trunk are the aseending 
eervieal and suprascapular arteries, and the eervieodorsal 
trunk (transverse eervieal artery). The branehes of the eer- 
vieodorsal artery were disenssed previonsly, with the lateral 
eervieal region (p. 994). The terminal branehes of the thyro- 
eervieal trunk are the inferior thyroid and aseending eervi- 
eal arteries. The latter is a small artery that sends muscular 
branehes to the lateral mnseles of the upper neek and spinal 
branehes into the intervertebral foramina. 

The eostoeervieal trunk arises from the posterior 
aspeet of the seeond part of the snbelavian artery (posterior 
to the anterior sealene on the right side [Fig. 8.11] and usu- 
ally just medial to this muscle on the left side). The trunk 
passes posterosnperiorly and divides into the snperior inter- 
eostal and deep eervieal arteries, which snpply the first two 
intereostal spaees and the posterior deep eervieal mnseles, 
respeetively. 

VEINS IN ROOT OF NEGK 

Two large veins terminating in the root of the neek are the 
EJV, draining blood reeeived mostly from the sealp and 
faee, and the variable anterior jugular vein (AJV), usu- 
ally the smallest of the jugular veins (Figs. 8.15 and 8.20). 
The AJV typieally arises near the hyoid from the eonflnenee 
of snperfieial submandibular veins. The AJV deseends either 
in the subcutaneous tissue or deep to the investing layer of 
deep eervieal faseia between the anterior median line and 
the anterior border of the SCM. At the root of the neek, the 
AJV turns laterally, posterior to the SCM, and opens into the 
termination of the EJV or into the snbelavian vein. Snperior 
to the manubrium, the right and left AJVs eommonly unite 
aeross the midline to form the jugular venous areh in the 
snprasternal spaee (Fig. 8.16). 

The subclavian vein, the eontinnation of the axillary 
vein, begins at the lateral border of the Ist rib and ends when 
it nnites with the IJV (Fig. 8.24A). The snbelavian vein passes 
over the Ist rib anterior to the sealene tnberele parallel to the 
snbelavian artery, but it is separated from it by the anterior 
sealene mnsele. It usually has only one named tribntary, the 

£/V(Fig. 8.20). 

The IJV ends posterior to the medial end of the elaviele by 
nniting with the snbelavian vein to form the braehioeephalie 
vein. This union is eommonly referred to as the venous 
angle and is the site where the thoraeie duct (left side) 
and the right lymphatie tmnk (right side) drain lymph eol- 
leeted throughout the body into the venons eirenlation 
(see Fig. 8.48). Throughout its course, the IJV is enelosed by 
the earotid sheath (Fig. 8.21). 
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NERVES IN ROOT OF NECK 

There are three pairs of major nerves in the root of the neek: 
(1) vagns nerves, (2) phrenie nerves, and (3) sympathetie 
trnnks. 

Vagus Nerves (CN X). After its exit from the jngn- 
lar foramen, eaeh vagns nerve passes inferiorly in the neek 
within the posterior part of the earotid sheath in the angle 
between the IJV and eommon earotid artery (Figs. 8.21 and 
8.25). The right vagus nerve passes anterior to the first part 
of the snbelavian artery and posterior to the braehioeephalie 
vein and SC joint to enter the thorax. The left vagus nerve 


deseends between the left eommon earotid and left snbela- 
vian arteries and posterior to the SC joint to enter the thorax. 

The reenrrent laryngeal nerves arise from the vagns 
nerves in the inferior part of the neek (Fig. 8.25). The nerves 
of the two sides have essentially the same distribntion; 
however, they loop aronnd different strnetnres and at dif- 
ferent levels on the two sides. The right reenrrent laryn- 
geal nerve loops inferior to the right snbelavian artery at 
approximately the T1-T2 vertebral level. The left reenrrent 
laryngeal nerve loops inferior to the areh of the aorta at 
approximately the T4-T5 vertebral level. After looping, the 
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FIGIJRE 8.25. Nerves in neek. A. The eervieal sympathetie tmnk and ganglia, the earotid arteries, and the sympathetie peri-arterial plexuses surrounding 
them are shovvn. B. In this view ofthe root ofthe neek (right side), the elaviele is removed and seetions are taken from the eommon earotid artery and IJV. 
The right lobe ofthe thyroid gland is retraeted to reveal the right recurrent laryngeal nerve and middle eervieal (sympathetie) ganglion. 
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recurrent laryngeal nerves aseend superiorly to the postero- 
medial aspeet of the thyroid gland (Figs. 8.24, 8.26B, and 
8.27), where they aseend in the traeheo-esophageal groove, 
snpplying both traehea and esophagns and all the intrinsie 
mnseles of the larynx except the erieothyroid. 

The eardiae branehes of CN X originate in the neek 
(Fig. 8.24B) as well as in the thorax and eonvey presynaptie 
parasympathetie and viseeral afferent fibers to the eardiae 
plexus of nerves (see Ghapter 1, p.l50 and Fig. 1.68C). 

Phrenìe Nerves. The phrenie nerves are formed at the 
lateral borders of the anterior sealene mnseles (Figs. 8.24A 
and 8.25B), mainly from the C4 nerve with eontribntions 
from C3 and C5. The phrenie nerves deseend anterior to 
the anterior sealene mnseles nnder eover of the IJVs and the 
SCMs. They pass nnder the prevertebral layer of deep eer- 
vieal faseia, between the snbelavian arteries and veins, and 
proeeed to the thorax to snpply the diaphragm. The phrenie 
nerves are important beeanse, in addition to their sensory 
distribntion, they provide the sole motor snpply to their own 
half of the diaphragm (see Chapter 2, p. 307 for details). 

Sympathetíe Tmnks. The eervieal portion of the 
sympathetie tmnks lie anterolateral to the vertebral eolnmn, 
extending snperiorly to the level of the C1 vertebra or eranial 
base (Figs. 8.24B and 8.25). The sympathetie trnnks reeeive no 
white rami eommnnieantes in the neek (reeall that white rami 
assoeiated with eervieal spinal nerves). The eervieal portion 
of the trnnks inelndes three eervieal sympathetie ganglia; 
snperior, middle, and inferior. These ganglia reeeive presynap- 
tie fibers eonveyed to the trnnk by the snperior thoraeie spinal 
nerves and their assoeiated white rami eommnnieantes, which 
then aseend throngh the sympathetie trnnk to the ganglia. 
After synapsing with the postsynaptie nenron in the eervieal 
sympathetie ganglia, postsynaptie nenrons send fibers to the: 

1. Cervical spinal nerves via gray ramì eommnnieantes. 

2. Thoraeie viseera via eardiopnlmonary splanehnie nerves. 

3. Head and viseera of the neek via eephalie arterial hranehes 

(rami). 

The latter fibers aeeompany arteries as sympathetie peri- 
arterial nerve plexuses, espeeially the vertebral and internal 
and external earotid arteries (Fig. 8.25). 

In approximately 80% of people, the inferior eervieal 
ganglion fnses with the first thoraeie ganglion to form the 
large eervieothoraeie ganglion (stellate ganglion). This 
star-shaped (L. stella, a star) ganglion lies anterior to the 
transverse proeess of the C7 vertebra, jnst snperior to the 
neek of the Ist rib on eaeh side and posterior to the origin of 
the vertebral artery (Fig. 8.24B). Some postsynaptie fibers 
from the ganglion pass via gray rami eommnnieantes to the 
anterior rami of the C7 and C8 spinal nerves (roots of the 
braehial plexus), and others pass to the heart via the inferior 
eervieal eardiae nerve (a eardiopnlmonary splanehnie nerve), 
which passes along the traehea to the deep eardiae plexus. 
Other fibers pass via arterial branehes to eontribnte to the 
sympathetie peri-arterial nerve plexus around the vertebral 
artery rnnning into the eranial eavity (Fig. 8.25A). 


The middle eervieal ganglion, the smallest of the three 
ganglia, is oeeasionally absent. When present, it lies on the 
anterior aspeet of the inferior thyroid artery at the level of 
the erieoid eartilage and the transverse proeess of C6 ver- 
tebra, just anterior to the vertebral artery (Figs. 8.25 and 
8.27). Postsynaptie fibers pass from the ganglion via gray 
rami eommnnieantes to the anterior rami of the C5 and C6 
spinal nerves, via a middle eervieal eardiae (eardiopnlmonary 
splanehnie) nerve to the heart and via arterial branehes to 
form the peri-arterial plexuses to the thyroid gland. 

The superior eervieal ganglion is at the level of the 

C1 and C2 vertebrae (Figs. 8.24B and 8.25A). Beeanse of its 
large size, it forms a good landmark for loeating the sympa- 
thetie trunk, but it may need to be distinguished from a large 
sensory (nodose) ganglion of the vagus (CN X) when present. 
Postsynaptie fibers pass from it by means of eephalie arterial 
branehes to form the internal earotid sympathetie plexus and 
then enter the eranial eavity (Fig. 8.25). This ganglion also 
sends arterial branehes to the external earotid artery and gray 
rami to the anterior rami of the snperior four eervieal spinal 
nerves. Other postsynaptie fibers pass from it to the eardiae 
plexus of nerves via a saperior eervieal eardiae (eardiopnl- 
monary splanehnie) nerve (see Chapter 1, p. 150). 


DEEP STRUCTURES OF NECK 
Cervicothoracic Ganglion Bloek 

Anesthetie injeeted aronnd the large eervieo- 
thoraeie ganglion bloeks transmission of stimnli 
throngh the eervieal and snperior thoraeie ganglia. 
This ganglion hloek may relieve vasenlar spasms involving 
the brain and upper limb. It is also useful when deeiding if 
a snrgieal reseetion of the ganglion would be benefieial to a 
person with excess vasoeonstrietion in the ipsilateral limb. 

Lesìon of Cervìcal 
Sympathetie Trnnk 

A lesion of a eervieal sympathetie trank in the 
neek resnlts in a sympathetie distnrbanee ealled 
Horner syndrome, which is eharaeterized by: 

• Contraction of the pupil (miosis), resulting from paral- 
ysis of the dilator pnpillae mnsele (see Chapter 7). 

• Drooping of the snperior eyelid (ptosis), resnlting from 
paralysis of the smooth (tarsal) mnsele intermingled with 
the striated mnsele of the levator palpebrae snperioris. 

• Sinking in of the eye (enophthalmos), possibly eansed 
by paralysis of the rndimentary smooth (orbital) mus- 
ele in the fioor of the orbit. 

• Vasodilation and absenee of sweating on the faee and 
neek (anhydrosis), eansed by laek of a sympathetie 
(vasoeonstrietive) nerve snpply to the blood vessels and 
sweat glands. 
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DEEP STRUCTURES OF NECK 

Prevertebral muscles: The prevertebral muscles, deep to the 
prevertebral layer of deep eervieal faseia, are divided into ante- 
rior and lateral vertebral muscles by the neurovascular plane of 
the eervieal and braehial plexuses and subclavian artery. ♦ The 
anterior vertebral muscles flex the head and neek; however, this 
movement is normally produced by gravity in conjunction with 
eeeentrie eontraetion of the extensors of the neek. ♦ Thus, the 
anterior vertebral muscles are ealled into aetion mainly when 
this movement is performed against resistanee, probably initi- 
ating the movement while the strength of the movement is pro- 
duced by the SCM. ♦ The lateral vertebral muscles laterally flex 
the neek, partieipate in rotation of the neek, and fix or elevate 
the superiormost ribs during foreed inspiration. 

Root of the neek: The branehes of the areh of the aorta 
bifurcate and/or traverse the root ofthe neek, with the branehes 
ofthe subclavian artery arising here also. ♦ The internal Jugular 


and subclavian veins eonverge at the root of the neek to form the 
braehioeephalie veins. ♦ The major lymphatie trunks (right lym- 
phatie duct and thoraeie duct) enter the venous angles formed by 
the eonvergenee of these veins. ♦ The phrenie and vagus nerves 
enterthe thorax by passing anteriorto the subclavian arteries 
and posteriorto the braehioeephalie veins. ♦ The sympathetie 
trunks and recurrent laryngeal nerves traverse the root of the 
neek posterior to the arteries, as do the viseeral structures (tra- 
ehea and esophagus). ♦ The eervieal portion of the sympathetie 
trunks include three eervieal sympathetie ganglia (inferior, mid- 
dle, and superior), in which presynaptie fibers from the superior 
thoraeie spinal eord synapse with postsynaptie neurons. ♦ These 
neurons send fibers to the eervieal spinal nerves, via gray rami 
communicantes; to the head and viseera of the neek, via eephalie 
arterial branehes and peri-arterial plexuses; and to the thoraeie 
viseera, via eardiae (cardiopulmonary splanehnie) nerves. 


VISGERA OF NECK 


The eervieal viseera are disposed in three layers, named for 
their primary fnnetion (Fig. 8.26). Snperfieial to deep, they 
are the: 

1. Endoerìne layer: the thyroid and parathyroid glands. 

2 . Respiratory layer: the larynx and traehea. 

3. Alìmentary layer: the pharynx and esophagns. 

Endoerine Layer of Cervical Viseera 

The viseera of the endoerine layer are part of the body’s 
endoerine system of dnetless, hormone-seereting glands. 
The thyroid gland is the body’s largest endoerine gland. 
It prodnees thyroid hormone, which eontrols the rate of 
metabolism, and ealeitonin, a hormone eontrolling ealeinm 
metabolism. The thyroid gland affeets all areas of the body 
except itself and the spleen, testes, and nterns. The hormone 
prodneed by the parathyroid glands, parathormone (PTH), 
eontrols the metabolism of phosphorns and ealeinm in the 
blood. The parathyroid glands target the skeleton, kidneys, 
and intestine. 

THYROID GLAND 

The thyroid gland lies deep to the sternothyroid and ster- 
nohyoid mnseles, loeated anteriorly in the neek at the level of 
the C5-T1 vertebrae (Fig. 8.26). It eonsists primarily of right 
and left lobes, anterolateral to the larynx and traehea. A rela- 
tively thin isthmns nnites the lobes over the traehea, nsnally 
anterior to the seeond and third traeheal rings. The thyroid 
gland is snrronnded by a thin fibrons eapsnle, which sends 


septa deeply into the gland. Dense eonneetive tissne attaehes 
the eapsnle to the erieoid eartilage and snperior traeheal rings. 
External to the eapsnle is a loose sheath formed by the viseeral 
portion of the pretraeheal layer of deep eervieal faseia. 

Arteries of Thyroid Gland. The highly vasenlar thy- 
roid gland is snpplied by the snperior and inferior thyroid 
arteries (Figs. 8.26B and 8.27). These vessels lie between 
the fibrons eapsnle and the loose faseial sheath. IJsnally the 
first branehes of the external earotid arteries, the snperior 
thyroid arteries, deseend to the snperior poles of the gland, 
pieree the pretraeheal layer of deep eervieal faseia, and 
divide into anterior and posterior branehes snpplying mainly 
the anterosnperior aspeet of the gland. 

The inferior thyroid arteries, the largest branehes of 
the thyroeervieal trnnks arising from the snbelavian arter- 
ies, rnn snperomedially posterior to the earotid sheaths to 
reaeh the posterior aspeet of the thyroid gland. They divide 
into several branehes that pieree the pretraeheal layer of the 
deep eervieal faseia and snpply the posteroinferior aspeet, 
inelnding the inferior poles of the gland. The right and 
left snperior and inferior thyroid arteries anastomose exten- 
sively within the gland, ensnring its snpply while providing 
potential eollateral eirenlation between the snbelavian and 
external earotid arteries. 

In approximately 10% of people, a small, nnpaired thy- 
roid ima artery (L. arteria thyroidea ima) arises from the 
braehioeephalie trnnk (see the blne box “Thyroid Ima Artery” 
on p. 1040); however, it may arise from the areh of the aorta 
or from the right eommon earotid, snbelavian, or internal 
thoraeie arteries. When present, this small artery aseends on 
the anterior snrfaee of the traehea, snpplying small branehes 
to it. The artery then eontinnes to the isthmns of the thyroid 
gland, where it divides and snpplies it. 
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(D) Transverse CT sean through lobes of thyroid gland Inferior views 


(E) Transverse MRI study through thyroid isthmus 


FIGIJRE 8.26. Relationships of thyroid gland. A. The sternothyroid muscles have been cut to expose the lobes ofthe normal thyroid gland. The isthmus 
lies anterior to the seeond and third traeheal rings. B. The parathyroid glands are usually embedded in the fibrous capsule on the posterior surface 
of the thyroid gland. C-E. The functional layers of the eervieal viseera are indieated. The levels of the imaging studies are elose to that shown in part C. 

(Part D courtesy of Dr. M. Keller, Medieal Imaging, Llniversity ofToronto, Toronto, Ontario, Ganada. Part E Courtesy of Dr. W. Kucharczyk, Professor 
and Neuroradiologist Senior Seientist, Department ofMedieal Resonanee Imaging, Llniversity Health Network, Toronto, Ontario, Ganada.) 
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FIGIJRE 8.27. Dìsseetìon of left side of root of neek. The viseera (thyroid gland, traehea, and esophagus) are retraeted to the right, and the eontents of 
the left earotid sheath are retraeted to the left. The middle thyroid vein, severed to allow such retraetion, is not apparent. The left parathyroid glands on the 
posterior aspeet of the left lobe of the thyroid gland are exposed. The recurrent laryngeal nerve aseends beside the traehea, in the angle between the traehea 
and the esophagus. The thoraeie duct passes laterally, posterior to the eontents ofthe earotid sheath as the thyroeervieal trunk passes medially. 


Veíns of Thyroid Gland. Three pairs of thyroid veins 
nsnally form a thyroid plexus of veins on the anterior snr- 
faee of the thyroid gland and anterior to the traehea (Figs. 
8.27 and 8.28). The snperior thyroid veins aeeompany the 
snperior thyroid arteries; they drain the snperior poles of 
the thyroid gland; the middle thyroid veins do not aeeom- 
pany bnt rnn essentially parallel eonrses with the inferior thy- 
roid arteries; they drain the middle of the lobes. The nsnally 
independent inferior thyroid veins drain the inferior poles. 
The snperior and middle thyroid veins drain into the IJVs; 
the inferior thyroid veins drain into the braehioeephalie veins 
posterior to the mannbrinm. 

Lymphatíe Draínage of Thyroid Gland. The lymphatie 
vessels of this gland rnn in the interlobnlar eonneetive tissne, 
nsnally near the arteries; they eommnnieate with a eapsnlar 
network of lymphatie vessels. From here, the vessels pass 
initially to prelaryngeal, pretraeheal, and paratraeheal 
lymph nodes. The prelaryngeal nodes drain in tnrn to the 
snperior deep eervieal lymph nodes, and the pretraeheal and 
paratraeheal lymph nodes drain to the inferior deep eervieal 
nodes (Fig. 8.29). Laterally, lymphatie vessels loeated along 
the snperior thyroid veins pass direetly to the inferior deep eer- 
vieal lymph nodes. Some lymphatie vessels may drain into the 
hraehioeephalie lymph nodes or the thoraeie duet (Fig. 8.27). 

Nerves of Thyroid Gland. The nerves of the thyroid 
gland are derived from the snperior, middle, and inferior 
eervieal (sympathetie) ganglia (Figs. 8.25 and 8.27). They 


reaeh the gland throngh the eardiae and snperior and inferior 
thyroid peri-arterial plexuses that aeeompany the thyroid arter- 
ies. These fibers are vasomotor, not seeretomotor. They eanse 
eonstrietion of blood vessels. Endoerine seeretion from the 
thyroid gland is hormonally regnlated by the pitnitary gland. 

PARATHYROID GLANDS 

The small fiattened, oval parathyroid glands nsnally lie 
external to the thyroid eapsnle on the medial half of the poste- 
rior snrfaee of eaeh lobe of the thyroid gland, inside its sheath 
(Figs. 8.26B, 8.27 and 8.30A). The snperior parathyroid 
glands nsnally lie slightly more than 1 em snperior to the 
point of entry of the inferior thyroid arteries into the thyroid 
gland. The inferior parathyroid glands nsnally lie slightly 
more than 1 em inferior to the arterial entry point (Skandalakis 
et ak, 1995). Most people have fonr parathyroid glands. 
Approximately 5% of people have more; some have only two 
glands. The snperior parathyroid glands, more eonstant in 
position than the inferior ones, are nsnally at the level of the 
inferior border of the erieoid eartilage. The inferior parathy- 
roid glands are nsnally near the inferior poles of the thyroid 
gland, bnt they may lie in varions positions (Fig. 8.30B). In 
1-5% of people, an inferior parathyroid gland is deep in the 
snperior mediastinnm (Norton and Wells, 1994). 

Vessels of Parathyroíd Glands. Beeanse the inferior thy- 
roid arteries provide the primary blood snpply to the posterior 
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FIGURE 8.28. Thyroid gland. A disseetion ofthe anterior aspeet ofthe neek is shovvn. In this speeimen, there is a small aeeessory thyroid gland on the right, 
lying on the thyrohyoid muscle, lateral to the thyroid eartilage. The superior thyroid artery is distributed primarily to the anterosuperior portion ofthe gland. 



I Superior deep eervieal i - 1 Prelaryngeal 

i Inferior deep eervieal i-1 Paratraeheal 

I Submental Pretraeheal 
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FIGURE 8.29. Lymphatìe draìnage of thyroìd gland, larynx, and 
traehea. The arrows indieate the direetion of lymph flovv. 


aspeet of the thyroid gland where the parathyroid glands are 
loeated, branehes of these arteries nsnally snpply these glands 
(Figs. 8.26B and 8.30A). However, they may also be snpplied by 
branehes from the snperior thyroid arteries; thyroid ima artery; 
or laryngeal, traeheal, and esophageal arteries. Parathyroid 
veins drain into the thyroid plexus of veins of the thyroid gland 
and traehea (Fig. 8.28). Lymphatie vessels from the parathyroid 
glands drain with those from the thyroid gland into deep eervi- 
eal lymph nodes and paratraeheal lymph nodes (Fig. 8.29). 

Nerves of Parathyroíd Glands. The nerve snpply of 
the parathyroid glands is abnndant; it is derived from thyroid 
branehes of the eervieal (sympathetie) ganglia (Fig. 8.25). 
Like the nerves to the thyroid, they are vasomotor rather than 
seeretomotor beeanse these glands are hormonally regnlated. 

Respìratory Layer of Cervìcal Vìseera 

The viseera of the respiratory layer, the larynx and traehea, 
eontribnte to the respiratory fnnetions of the body. The main 
fnnetions of the eervieal respiratory viseera are as follows: 

• Ronting air and food into the respiratory traet and esopha- 
gns, respeetively. 

• Providing a patent ainvay and a means of sealing it off 
temporarily (a “valve”). 

• Prodneing voiee. 
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FIGIJRE 8.30. Thyroid and parathyroid glands. A. The thyroid sheath has been disseeted from the posterior surface of the thyroid gland to reveal the 
three embedded parathyroid glands. Both parathyroid glands on the right side are rather lovv, and the inferior gland is inferiorto the thyroid gland. B. Sites 
and frequencies ofaberrant parathyroid glandular tissue are shovvn. 


liARYNK 

The larynx is the complex organ of voiee prodnetion (the 
“voiee box”) eomposed of nine eartilages eonneeted by mem- 
branes and ligaments and eontaining the voealfolds (“eords”)- 
The larynx is loeated in the anterior neek at the level of 
the bodies of C3-C6 vertebrae (Fig. 8.31). It eonneets the 


inferior part of the pharynx (oropharynx) with the traehea. 
Althongh most eommonly known for its role as the phonating 
meehanism for voiee prodnetion, its most vital fnnetion is to 
gnard the air passages, espeeially dnring swallowing when it 
serves as the “sphineter” or “valve” of the lower respiratory 
traet, thns maintaining a patent ainvay. 
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FIGIJRE 8.31. Medìan MRI of head and neek. Because the air and food passages share the oropharynx, separation offood and air must occur to 
continue into the traehea (anterior) and esophagus (posterior). (Courtesy of Dr. W. Kucharczyk, Llniversity Health Network, Toronto, Ontario, Ganada.) 
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Laiyngeal Skeleton. The laryngeal skeleton eonsists of 
nine eartilages: three are single (thyroid, erieoid, and epiglot- 
tie), and three are paired (arytenoid, eornienlate, and ennei- 
form) (Fig. 8.32A & B). 

The thyroid eartilage is the largest of the eartilages; 
its snperior border lies opposite the C4 vertebra. The infe- 
rior two thirds of its two plate-like laminae fnse anteriorly 
in the median plane to form the laryngeal prominenee 
(Fig. 8.32A & D). This projeetion (“Adam’s apple”) is well 
marked in men bnt seldom visible in women. Snperior to 
this prominenee, the laminae diverge to form a V-shaped 
snperior thyroid noteh. The less distinet inferior thyroid 
noteh is a shallow indentation in the middle of the inferior 
border of the eartilage. 

The posterior border of eaeh lamina projeets snperiorly as 
the snperior horn and inferiorly as the inferior horn. The 
snperior border and snperior horns attaeh to the hyoid by the 
thyrohyoid memhrane (Fig. 8.32A & B). The thiek median 
part of this membrane is the median thyrohyoid ligament; 
its lateral parts are the lateral thyrohyoid ligaments. 

The inferior horns artienlate with the lateral snrfaees of 
the erieoid eartilage at the erieothyroid joints (Fig. 8.32B). 
The main movements at these joints are rotation and glid- 
ing of the thyroid eartilage, which resnlt in ehanges in the 
length of the voeal folds. The erieoid eartilage is shaped 
like a signet ring with its band faeing anteriorly. This ring-like 
opening of the eartilage fits an average fìnger. The posterior 
(signet) part of the erieoid is the lamina, and the anterior 
(band) part is the areh (Fig. 8.32A). Althongh mneh smaller 
than the thyroid eartilage, the erieoid eartilage is thieker and 
stronger and is the only eomplete ring of eartilage to eneirele 
any part of the ainvay. It attaehes to the inferior margin of 
the thyroid eartilage by the median erieothyroid ligament 
and to the fìrst traeheal ring by the erieotraeheal ligament. 
Where the larynx is elosest to the skin and most aeeessible, 
the median erieothyroid ligament may be felt as a soft spot 
dnring palpation inferior to the thyroid eartilage. 

The arytenoid eartilages are paired, three-sided pyra- 
midal eartilages that artienlate with the lateral parts of the 
snperior border of the erieoid eartilage lamina (Fig. 8.32B). 
Eaeh eartilage has an apex snperiorly, a voeal proeess ante- 
riorly, and a large mnsenlar proeess that projeets laterally 
from its base. The apex bears the eornienlate eartilage and 
attaehes to the ary-epiglottie fold. The voeal proeess pro- 
vides the posterior attaehment for the voeal ligament, and 
the mnsenlar proeess serves as a lever to which the posterior 
and lateral erieo-arytenoid mnseles are attaehed. The erieo- 
arytenoid joints, loeated between the bases of the arytenoid 
eartilages and the snperolateral snrfaees of the lamina of the 
erieoid eartilage (Fig. 8.32B), permit the arytenoid eartilages 
to slide toward or away from one to another, to tilt anteriorly 
and posteriorly, and to rotate. These movements are impor- 
tant in approximating, tensing, and relaxing the voeal folds. 

The elastie voeal ligaments extend from the jnnetion of 
the laminae of the thyroid eartilage anteriorly to the voeal 
proeess of the arytenoid eartilage posteriorly (Fig. 8.32E). 


The voeal ligaments make up the snbmneosal skeleton of the 
voeal folds. These ligaments are the thiekened, free snperior 
border of the eonns elastiens or erieovoeal membrane. 
The parts of the membrane extending laterally between the 
voeal folds and the snperior border of the erieoid are the lat- 
eral erieothyroid ligaments. The fìbro-elastie eonns elasti- 
ens blends anteriorly with the median erieothyroid ligament. 
The eonns elastiens and overlying mneosa elose the traeheal 
inlet except for the eentral rima glottidis (opening between 
the voeal folds). 

The epiglottie eartilage, eonsisting of elastie eartilage, 
gives fìexibility to the epiglottis, a heart-shaped eartilage 
eovered with mneons membrane (Fig. 8.32B). Sitnated pos- 
terior to the root of the tongne and the hyoid and anterior 
to the laryngeal inlet, the epiglottie eartilage forms the 
snperior part of the anterior wall and the snperior margin of 
the inlet. Its broad snperior end is free. Its tapered inferior 
end, the stalk of the epiglottis, is attaehed to the angle 
formed by the thyroid laminae by the thyro-epiglottie liga- 
ment (Fig. 8.32E). The hyo-epiglottie ligament attaehes 
the anterior snrfaee of the epiglottie eartilage to the hyoid 
(Fig. 8.33). The quadrangular membrane (Figs. 8.32B 
and 8.34) is a thin, snbmneosal sheet of eonneetive tissne 
that extends between the lateral aspeets of the arytenoid and 
epiglottie eartilages. Its free inferior margin eonstitntes the 
vestibnlar ligament, which is eovered loosely by mneosa to 
form the vestibnlar fold (Fig. 8.34). This fold lies snperior 
to the voeal fold and extends from the thyroid eartilage to the 
arytenoid eartilage. The free snperior margin of the quad- 
rangnlar membrane forms the ary-epiglottie ligament, 
which is eovered with mneosa to form the ary-epiglottie 
fold. The eornienlate and enneiform eartilages appear 
as small nodnles in the posterior part of the ary-epiglottie 
folds. The eornienlate eartilages attaeh to the apiees of the 
arytenoid eartilages; the enneiform eartilages do not direetly 
attaeh to other eartilages. The quadrangular membrane and 
eonns elastiens are the snperior and inferior parts of the snb- 
mneosal fibro-elastie membrane of tbe larynx. 

Interíor of Larynx. The laryngeal eavity extends from 
the laryngeal inlet, throngh which it eommnnieates with the 
laryngopharynx, to the level of the inferior border of the eri- 
eoid eartilage. Here the laryngeal eavity is eontinnons with 
the eavity of the traehea (Figs. 8.34 and 8.35A & B). The 
laryngeal eavity inelndes the: 

• Laryngeal vestibnle; between the laryngeal inlet and 
the vestibnlar folds. 

• Middle part of tbe laryngeal eavity; the eentral eavity 
(ainvay) between the vestibnlar and voeal folds. 

• Laryngeal ventriele; reeesses extending laterally from 
the middle part of the laryngeal eavity between vestibnlar 
and voeal folds. The laryngeal saeenle is a blind poeket 
opening into eaeh ventriele that is lined with mneosal 
glands. 

• infraglottie eavity; the inferior eavity of the larynx 
between the voeal folds and the inferior border of the 
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(C) Lateral view 

Epiglottie eartilage 


Thyroid eartilage 


Areh of erieoid 


8 


Medial view 




I 


eartilage 


Arytenoid 

eartilage 


4 


10 


.1 



i 


1 

1 ' 

1 

<• 

I 

i ^ 

O 

_Q_/ e 

í 


5 


Posterior view 


Voeal 
proeess 

Apex 

Muscular 

proeess 



Thyro-epiglottie ligament 


Median 


erieothyroid 

ligament 

Voeal 

ligament 

Lateral 

erieothyroid 

ligament 


Conus 

elasticus 


Corniculate eartilage 


Rima glottidis 
Capsule of erieo-arytenoid 


Lamina of erieoid eartilage 



(E) Superior view 


FIGIJRE 8.32. Skeleton of larynx. A. Although firmly eonneeted to it, the hyoid is not part ofthe larynx. The larynx extends vertieally from the tip ofthe 
heart-shaped epiglottis to the inferior border of the erieoid eartilage. B. The thyroid eartilage shields the smaller eartilages of the larynx, and the hyoid shields 
the superior part of the epiglottie eartilage. C. Three vievvs of an isolated arytenoid eartilage are shovvn. 1, Corniculate eartilage; 2, apex of arytenoid earti- 
lage; 3, anterolateral surface; 4, voeal proeess (projeets anteriorly, provides attaehment for voeal ligament); 5, muscular proeess (projeets laterally, 
for attaehment of posterior and lateral erieo-arytenoid muscles); 6, oblong fovea (for attaehment ofthyro-arytenoid muscle); 7, base; 8, medial surface; 

9, articular surface; 10, posterior surface. D. The thyroid eartilage and erieothyroid muscle are shovvn. This muscle produces movement at the erieothyroid 
Joint. E. The epiglottie eartilage is pitted for mucous glands, and its stalk is attaehed by the thyro-epiglottie ligament to the angle of the thyroid eartilage 
superior to the voeal ligaments. The voeal ligament, which forms the skeleton ofthe voeal fold, extends from the voeal proeess ofthe arytenoid eartilage to 
the “angle” ofthe thyroid eartilage, and there Joins its fellow inferior to the thyro-epiglottie ligament. 
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FIGIJRE 8.33. Epìglottìs and hyo-epiglottie ligament. The epiglottis is 
a leaf-shaped plate of elastie fìbroeartilage, which is eovered with mucous 
membrane (pink) and is attaehed anteriorly to the hyoid by the hyo-epiglottie 
ligament {blue). The epiglottis serves as a diverter valve overthe superior 
aperture of the larynx during swallowing. 


Voealis mnsele, eomposed of exceptionally fine mnsele 
fibers immediately lateral to and terminating at intervals 
relative to the length of the voeal ligaments (Fig. 8.35A). 

The voeal folds are the sharp-edged folds of mneons mem- 
brane overlying and ineorporating the voeal ligaments and 
the thyro-arytenoid mnseles. They are the sonree of the 
sonnds (tone) that eome from the larynx. These folds pro- 
dnee andible vibrations when their free margins are elosely 
(bnt not tightly) apposed dnring phonation, and air is foreibly 
expired intermittently (Fig. 8.36C). The voeal folds also serve 
as the main inspiratory sphineter of the larynx when they are 
tightly elosed. Gomplete addnetion of the folds forms an 
effeetive sphineter that prevents entry of air. 

The glottis (the voeal apparatns of the larynx) makes up 
the voeal folds and proeesses, together with the rima glot- 
tidis, the apertnre between the voeal folds (Fig. 8.35C). The 


erieoid eartilage, where it is eontinnons with the Inmen of shape of the rima (L. slit) varies aeeording to the position of 


the traehea. 

The voeal folds eontrol sonnd prodnetion (Figs. 8.35 and 
8.36). The apex of eaeh wedge-shaped fold projeets medially 
into the laryngeal eavity. Eaeh voeal fold eontains a: 


the voeal folds (Fig. 8.36). Dnring ordinary breathing, the 
rima is narrow and wedge shaped; dnring foreed respiration, 
it is wide and trapezoidal in shape. The rima glottidis is slit- 
like when the voeal folds are elosely approximated dnring 
phonation. Variation in the tension and length of the voeal 


Voealligament, eonsisting of thiekened elastie tissne that is the folds, in the width of the rima glottidis, and in the intensity 
medial free edge of the eonns elastiens (Figs. 8.32E and 8.34). of the expiratory effort prodnees ehanges in the piteh of the 
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FIGIJRE 8.34. Interior of larynx. The posterior wall of the larynx is split in the median plane, and the two sides are spread apart and held in plaee 
by a surgical needle. On the left side, the mucous membrane is intaet. On the right side, the mucous and submucous eoats are peeled off, and the skeletal 
eoat—eonsisting of eartilages, ligaments, and the fìbro-elastie membrane—is uncovered. 
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(E) Transverse MRI study of Iarynx transeeting 
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FIGIJRE 8.35. Folds and eompartments of larynx. A. This eoronal seetion shovvs the eompartments ofthe larynx: the vestibule, middle eompartment 
vvith left and right ventrieles, and the infraglottie eavity. B.This MRI studyshovvs the epiglottie valleculae ofthe oropharynx, piriform fossae ofthe laryn- 
gopharynx, and vestibular and voeal folds of the larynx. C. The rima glottidis (the spaee between the voeal folds) is visible through the laryngeal inlet and 
vestibule. The laryngeal inlet is bounded (1) anteriorly by the free curved edge ofthe epiglottis; (2) posteriorly by the arytenoid eartilages, the corniculate 
eartilages that eap them, and the interarytenoid fold that unites them; and (3) on eaeh side by the ary-epiglottie fold that eontains the superior end of 
the cuneiform eartilage. D and E. The planes of these transverse studies, oriented in the same direetion as part C, pass superior (D) and inferior (E) to the 
rima glottidis. (MRI studies courtesy of Dr. W. Kucharczyk, Llniversity Health Network, Toronto, Ontario, Ganada.) 
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FIGIJRE 8.36. Variations in shape of rima glottidis. A. The shape of the rima glottidis, the aperture betvveen the voeal folds, varies aeeording to the posi- 
tion of the voeal folds. During normal respiration, the laryngeal muscles are relaxed and the rima glottidis assumes a narrov\/, slit-like position. B. During a 
deep inhalation, the voeal ligaments are abducted by eontraetion of the posterior erieo-arytenoid muscles, opening the rima glottidis \A/idely into an inverted 
kite shape. C. During phonation, the arytenoid muscles adduct the arytenoid eartilages at the same time that the lateral erieo-arytenoid muscles moderately 
adduct. Air foreed betv\/een the adducted voeal ligaments produces tone. Stronger eontraetion of the same muscles seals the rima glottidis (Valsalva maneuver). 
D. During v\/hispering, the voeal ligaments are strongly adducted by the lateral erieo-arytenoid muscles, but the relaxed arytenoid muscles a\\ow air to pass 
betvveen the arytenoid eartilages (intercartilaginous part of rima glottidis), vvhieh is modified into toneless speeeh. No tone is produced. 


voiee. The lower range of piteh of the voiee of postpnbertal 
males resnlts from the greater length of the voeal folds. 

The vestihnlar folds, extending between the thyroid and 
the arytenoid eartilages (Figs. 8.34 and 8.35), play little or 
no part in voiee prodnetion; they are proteetive in fnnetion. 
They eonsist of two thiek folds of mneons membrane enelos- 
ing the vestihnlar ligaments. The spaee between these liga- 
ments is the rima vestibuli. The lateral reeesses between 
the voeal and the vestibnlar folds are the laryngeal ventrieles. 

Laiyngeal IVIuscles. The laryngeal mnseles are divided 
into extrinsie and intrinsie gronps. 

• Extrinsic laryngeal mnseles move the larynx as a tohole 
(Fig. 8.18; Table 8.3). The infrahyoid mnseles are depres- 
sors of the hyoid and larynx, whereas the snprahyoid mnseles 
(and the stylopharyngens, a pharyngeal mnsele disenssed 
later in this ehapter) are elevators of the hyoid and larynx. 

• intrinsie laryngeal mnseles move the laryngeal eom- 
ponents, altering the length and tension of the voeal folds 
and the size and shape of the rima glottidis (Fig. 8.36). 
All bnt one of the intrinsie mnseles of the larynx are snp- 
plied by the reenrrent laryngeal nerve (Figs. 8.37, 8.39, 
and 8.40), a braneh of CN X. The erieothyroid is snpplied 
by the external laryngeal nerve, one of the two terminal 
branehes of the snperior laryngeal nerve. 

The aetions of the intrinsie laryngeal mnseles are easiest to 
nnderstand when they are eonsidered as fnnetional gronps: 
addnetors and abdnetors, sphineters, and tensors and relax- 
ers. The intrinsie mnseles are illnstrated in sitn in Fignres 
8.35D & E and 8.38; their attaehments, innervation, and 
main aetions are snmmarized in Table 8.5. 

• Addnetors and ahdnetors: These mnseles move the voeal 
folds to open and elose the rima glottidis. The prineipal 
addnetors are the lateral erieo-arytenoid mnseles, 


whieh pnll the mnsenlar proeesses anteriorly, rotating the 
arytenoid eartilages so that their voeal proeesses swing 
medially. When this aetion is eombined with that of the 
transverse and oblique arytenoid mnseles, whieh pnll 
the arytenoid eartilages together, air pnshed throngh the 
rima glottidis eanses vibrations of the voeal ligaments 
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FIGIJRE 8.37. Muscles and nerves of larynx and erìeothyroìd joìnt. 

The thyroid eartilage is sawn through to the right of the median plane. 
The erieothyroid joint is disarticulated, and the right lamina of the thy- 
roid eartilage is turned anteriorly (like opening a book), stripping the erieo- 
thyroid muscles off the areh ofthe erieoid eartilage. 
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(A) Lateral view 
erìeothyroid 



(C) Superior view 

Posterior erieo-arytenoid 




Voealis 

muscles 



(B) Superior view 
Thyro-arytenoid 


(D) Superior view 

Lateral erieo-arytenoid 


FIGIJRE 8.38. Muscles of the larynx. 



(E) Superior view 

Transverse arytenoid 



(F) Superior view 
Oblique arytenoid 


TABLE8.5. MUSCLES OF LARYNX 


Muscle 

Origin 

Insertion 

Innervation 

Main Aetion(s) 

erieothyroid 

Anterolateral partof erieoid 
eartilage 

Inferior margin and 
inferior horn of thyroid 
eartilage 

External laryngeal nerve 
(fromGN X) 

Stretehes and tenses voeal 
ligament 

Thyro-arytenoid^ 

Lovver half of posterior aspeet 
of angle ofthyroid laminae and 
erieothyroid ligament 

Anterolateral 
arytenoid surface 

Inferior laryngeal nerve 
(terminal partof recurrent 
laryngeal nerve, from 

CN X - see Fig. 8.37) 

Relaxes voeal ligament 

Posterior 

erieo-arytenoid 

Posterior surface of lamina of 
erieoid eartilage 

Voeal proeess of 
arytenoid eartilage 

Abducts voeal folds 

Laterai erieo- 
arytenoid 

Areh of erieoid eartilage 

Adducts voeal folds (inter- 
ligamentous portion) 

Transverse 
and obiique 
arytenoids^ 

One arytenoid eartilage 

Gontralateral 
arytenoid eartilage 

Adductarytenoid eartilages 
(adducting intercartilaginous 
portion of voeal folds, elosing 
posterior rima glottidis) 

Voeaiis^ 

Lateral surface of voeal pro- 
eess of arytenoid eartilage 

Ipsilateral voeal 
ligament 

Relaxes posterior voeal 
ligament vvhile maintaining 
(or inereasing) tension of 
anterior part 


3Superiorfibers of the thyro-arytenoid nnuscles pass into the ary-epiglottie fold, and some of them reaeh the epiglottie eartilage. These fibers constitute the thyro-epiglottie 
muscle, which widens the laryngeal inlet. 

‘’Some fibers of the oblique arytenoid muscles continue as ary-epiglottie muscles (Fig. 8.39). 

^This slender muscle slip lies medial to and is eomposed of fibers finer than those of the thyro-arytenoid muscle. 
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(phonation). When the voeal ligaments are addneted, bnt 
the transverse arytenoid mnseles do not aet, the arytenoid 
eartilages remain apart and air may bypass the ligaments. 
This is the position of whispering when the breath is mod- 
ified into voiee in the absenee of tone. The sole abdnetors 
are the posterior erieo-arytenoid mnseles, which pnll 
the mnsenlar proeesses posteriorly, rotating the voeal pro- 
eesses laterally and thns widening the rima glottidis. 

• Sphineters: The eombined aetions of most of the mnseles 
of the laryngeal inlet resnlt in a sphineterie aetion that 
eloses the laryngeal inlet as a proteetive meehanism dnring 
swallowing. Gontraetion of the lateral erìeo-arytenoìds, 
transverse and ohligne arytenoids, and ary-epiglottie 
mnseles brings the ary-epiglottie folds together and pnlls 
the arytenoid eartilages toward the epiglottis. This aetion 
oeenrs refiexively in response to the presenee of liquid or 
partieles approaehing or within the laryngeal vestibnle. It 
is perhaps onr strongest refiex, diminishing only after loss 
of eonseionsness, as in drowning. 

• Tensors: The prineipal tensors are the erieothyroid 
moseles, which tilt or pnll the prominenee or angle of the 


thyroid eartilage anteriorly and inferiorly toward the areh 
of the erieoid eartilage. This inereases the distanee between 
the thyroid prominenee and the arytenoid eartilages. 
Beeanse the anterior ends of the voeal ligaments attaeh to 
the posterior aspeet of the prominenee, the voeal ligaments 
elongate and tighten, raising the piteh of the voiee. 

• Relaxers: The prineipal mnseles in this gronp are the thyro- 
arytenoid mnseles, which pnll the arytenoid eartilages 
anteriorly, toward the thyroid angle (prominenee), thereby 
relaxing the voeal ligaments to lower the piteh of the voiee. 

The voealis mnseles lie medial to the thyro-arytenoid mns- 
eles and lateral to the voeal ligaments within the voeal folds. 
The voealis mnseles prodnee minnte adjnstments of the voeal 
ligaments, seleetively tensing and relaxing the anterior and 
posterior parts, respeetively, of the voeal folds dnring ani- 
mated speeeh and singing. 

Arteríes of Larynx. The laryngeal arteries, branehes of 
the snperior and inferior thyroid arteries, snpply the larynx 
(Fig. 8.39). The superior laryngeal artery aeeompanies 
the internal braneh of the snperior laryngeal nerve throngh 
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FIGIJRE 8.39. Vessels, nerves, and lymph nodes of larynx. The superior and inferior thyroid arteries give rise to the superior and inferior laryngeal arteries, 
respeetively; they anastomose with eaeh other. The laryngeal nerves are derived from the vagus (CN X) through the internal and external branehes of the supe- 
rior laryngeal nerve and the inferior laryngeal nerve from the recurrent laryngeal nerve. The left recurrent laryngeal nerve passes inferiorto the areh ofthe aorta. 
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the thyrohyoid membrane and branehes to snpply the inter- 
nal snrfaee of the larynx. The erieothyroid artery, a small 
braneh of the snperior thyroid artery, snpplies the erieothy- 
roid mnsele. The inferior laryngeal artery, a braneh of the 
inferior thyroid artery, aeeompanies the inferior laryngeal 
nerve (terminal part of the reenrrent laryngeal nerve) and 
snpplies the mneons membrane and mnseles in the inferior 
part of the larynx. 

Veíns of Laiynx. The laryngeal veins aeeompany the 
laryngeal arteries. The snperior laryngeal vein nsnally 
joins the snperior thyroid vein and throngh it drains into the 
IJV (Fig. 8.39). The inferior laryngeal vein joins the infe- 
rior thyroid vein or the venons plexus of veins on the anterior 
aspeet of the traehea, whieh empties into the left braehioee- 
phalie vein. 

Lymphaties of Laiynx. The laryngeal lymphatie vessels 
superior to the voeal folds aeeompany the snperior laryngeal 
artery throngh the thyrohyoid membrane and drain into the 
snperior deep eervieal lymph nodes. The lymphatie ves- 
sels inferior to the voeal folds drain into the pretraeheal or 
paratraeheal lymph nodes, which drain into the inferior 
deep eervieal lymph nodes (Fig. 8.39). 

Nerves of Laiynx. The nerves ofthe larynx are the supe- 
rior and inferior laryngeal branehes of the vagus nerves (CN 
X). The snperior laryngeal nerve arises from the inferior 
vagal ganglion at the snperior end of the earotid triangle 
(Fig. 8.40). The nerve divides into two terminal branehes 
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FIGIJRE 8.40. Laiyngeal branehes of right vagus nerve (CN X). The 

nerves of the larynx are the internal and external branehes of the superior 
laryngeal nerve and the inferior laryngeal nerve from the recurrent laryngeal 
nerve. The right recurrent laryngeal nerve passes inferior to the right subcla- 
vian artery. 


within the earotid sheath: the internal laryngeal nerve (sen- 
sory and antonomie) and the external laryngeal nerve (motor). 

The internal laryngeal nerve, the larger of the terminal 
branehes of the snperior laryngeal nerve, pierees the thyro- 
hyoid membrane with the snperior laryngeal artery, snpply- 
ing sensory fìbers to the laryngeal mneons membrane of the 
laryngeal vestibnle and middle laryngeal eavity, inelnding the 
snperior snrfaee of the voeal folds. The external laryngeal 
nerve, the smaller terminal braneh of the snperior laryn- 
geal nerve, deseends posterior to the sternothyroid mnsele in 
eompany with the snperior thyroid artery. At fìrst, the exter- 
nal laryngeal nerve lies on the inferior pharyngeal eonstrie- 
tor; it then pierees the mnsele, eontribnting to its innervation 
(with the pharyngeal plexus), and eontinnes to snpply the eri- 
eothyroid mnsele. 

The inferior laryngeal nerve, the eontinnation of the 
reenrrent laryngeal nerve (a braneh of the vagns nerve), enters 
the larynx by passing deep to the inferior border of the inferior 
pharyngeal eonstrietor and medial to the lamina of the thyroid 
eartilage (Figs. 8.37, 8.39, and 8.40). It divides into anterior 

and posterior branehes, which aeeompany the inferior laryn- 
geal artery into the larynx. The anterior braneh snpplies the 
lateral erieo-arytenoid, thyro-arytenoid, voealis, ary-epiglottie, 
and thyro-epiglottie mnseles. The posterior braneh snpplies 
the posterior erieo-arytenoid and transverse and oblique ary- 
tenoid mnseles. Beeanse it snpplies all the intrinsie mnseles 
except the erieothyroid, the inferior laryngeal nerve is the 
primary motor nerve of the larynx. However, it also provides 
sensory fìbers to the mneosa of the infraglottie eavity. 

TRAGHEA 

The traehea, extending from the larynx into the thorax, 
terminates inferiorly as it divides into right and left main 
bronehi. It transports air to and from the Inngs, and its epi- 
thelinm propels debris-laden mnens toward the pharynx for 
expulsion from the month. The traehea is a fìbroeartilaginons 
tnbe, snpported by ineomplete eartilaginons traeheal ear- 
tilages (rings), that oeenpies a median position in the neek 
(Fig. 8.37). The traeheal eartilages keep the traehea patent; 
they are defìeient posteriorly where the traehea is adjaeent 
to the esophagns. The posterior gaps in the traeheal rings 
are spanned by the involnntary traehealis muscle, smooth 
mnsele eonneeting the ends of the rings (Fig. 8.41). Henee 
the posterior wall of the traehea is fìat. 

In adnlts, the traehea is approximately 2.5 em in diameter, 
whereas in infants it has the diameter of a peneil. The traehea 
extends from the inferior end of the larynx at the level of the 
C6 vertebra. It ends at the level of the sternal angle or the 
T4-T5 IV dise, where it divides into the right and left main 
bronehi (see Chapter 1, p. 114). 

Lateral to the traehea are the eommon earotid arteries 
and the lobes of the thyroid gland (Fig. 8.39). Inferior to the 
isthmns of the thyroid gland are the jngnlar venons areh and 
the inferior thyroid veins (Fig. 8.16). The braehioeephalie 
trnnk is related to the right side of the traehea in the root of 
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(B) Parasagittal MRI study of pharynx, larynx and traehea 


FIGIJRE 8.41. Median seetions of head and neek. A. The pharynx extends from the eranial base to the level ofthe erieoid eartilage (body of C6 vertebra 
or the C6-C7 IV dise, as shown here), where it is continuous with the esophagus. B. This sagittal seetion does not demonstrate the continuities of the upper 
respiratory traet because the soft palate is elevated, elosing offthe nasopharynx, and the plane of seetion passes through the vestibular and voeal folds to the 
side ofthe rima glottidis. (Part B Courtesy of Dr. W. Kucharczyk, Llniversity Health Network, Toronto, Ontario, Canada.) 
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the neek. Deviation of the traehea from the midline, appar- 
ent snperfìeially or radiographieally, often signals the pres- 
enee of a pathologieal proeess. Traeheal tranma often affeets 
the elosely adherent esophagns. 

Alimentary Layer of Cervical Viseera 

In the alimentary layer, eervieal viseera take part in the 
digestive fnnetions of the body. Althongh the pharynx eon- 
dnets air to the larynx, traehea, and Inngs, the pharyngeal 
eonstrietors direet (and the epiglottis defìeets) food to the 
esophagns. The esophagns, also involved in food propnlsion, 
is the beginning of the alimentary eanal (digestive traet). 

PHARYNK 

The pharynx is the snperior expanded part of the alimen- 
tary system posterior to the nasal and oral eavities, extending 
inferiorly past the larynx (Figs. 8.41 and 8.42). The pharynx 
extends from the eranial hase to the inferior border of the 


erieoid eartilage anteriorly and the inferior border of the C6 
vertebra posteriorly. The pharynx is widest (approximately 
5 em) opposite the hyoid and narrowest (approximately 
1.5 em) at its inferior end, where it is eontinnons with the 
esophagns. The fìat posterior wall of the pharynx lies against 
the prevertebral layer of deep eervieal faseia. 

Interíor of Pharynx. The pharynx is divided into three 
parts: 

• Nasopharynx: posterior to the nose and snperior to the 
soft palate. 

• Oropharynx: posterior to the month. 

• Laryngopharynx: posterior to the larynx. 

The nasopharynx has a respiratory fnnetion; it is the poste- 
rior extension of the nasal eavities (Figs. 8.41-8.43). The nose 
opens into the nasopharynx throngh two ehoanae (paired 
openings between the nasal eavity and the nasopharynx). The 
roof and posterior wall of the nasopharynx form a eontinnons 
snrfaee that lies inferior to the body of the sphenoid bone and 
the basilar part of the oeeipital bone (Fig. 8.42). 
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FIGITRE 8.42. Anteriorwall of pharynx. In this disseetion, the posterior vvall has been ineised alongthe midline and spread apart. Openings in the ante- 
rior vvall communicate w\th the nasal, oral, and laryngeal eavities. On eaeh side ofthe laryngeal inlet, separated from it by the ary-epiglottie fold, a piriform 
fossa (reeess) is formed by the invagination ofthe larynx into the anterior vvall ofthe laryngopharynx. 
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FIGIJRE 8.43. Internal aspeet of lateral wall of pharynx. A. The upper respiratory passages and alimentary eanal in the right half of a biseeted head and 
neek are shovvn. The reetangle indieates the loeation ofthe seetion shovvn in part B. B. A eloser view ofthe nasopharynx and oropharynx, which are separated 
anteriorly by the soft palate, is provided. The posterior border ofthe soft palate forms the anterior margin ofthe pharyngeal isthmus through which the two 
spaees communicate posteriorly. 
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The abundant lymphoid tissue in the phaiynx forms an 
ineomplete tonsillar ring aronnd the snperior part of the phar- 
ynx (disenssed later in this ehapter, p. 1038). The lymphoid 
tissne is aggregated in eertain regions to form masses ealled 
tonsils. The pharyngeal tonsil (eommonly ealled the adenoid 
when enlarged) is in the mueous membrane of the roof and pos- 
terior wall of the nasopharynx (Figs. 8.4lA and 8.43). Extend- 
ing inferiorly from the medial end of the pharyngotympanie 
tube is a vertieal fold of mueous membrane, the salpingopha- 
lyngeal fold (Figs. 8.42 and 8.43B). It eovers the salpingo- 
pharyngens mnsele, whieh opens the pharyngeal orifiee of the 
pharyngotympanie tube during swallowing. The eolleetion of 
lymphoid tissne in the submueosa of the pharynx near the 
nasopharyngeal opening, or orifiee of the pharyngotympanie 
tube, is the tnhal tonsils (Fig. 8.43B). Posterior to the toms 
of the pharyngotympanie tnhe and the salpingopharyngeal 
fold is a slit-like lateral projeetion of the pharynx, the pharyn- 
geal reeess, which extends laterally and posteriorly. 

The oropharynx has a digestive fnnetion. It is bonnded 
by the soft palate snperiorly, the base of the tongne inferiorly, 
and the palatoglossal and palatopharyngeal arehes laterally 


(Figs. 8.43 and 8.44A). It extends from the soft palate to the 
snperior border of the epiglottis. 

Deglntition (swallowing) is the complex proeess that 
transfers a food bolus from the mouth through the pharynx 
and esophagns into the stomaeh. Solid food is mastieated 
(chewed) and mixed with saliva to form a soft bolus (mass) 
that is easier to swallow. Deglutition oeenrs in three stages: 

• Stage 1; volnntary; the bolus is eompressed against the 
palate and pnshed from the mouth into the oropharynx, 
mainly by movements of the mnseles of the tongne and 
soft palate (Fig. 8.45A & B). 

• Stage 2; involnntary and rapid; the soft palate is elevated, 
sealing off the nasopharynx from the oropharynx and 
laryngopharynx (Fig. 8.45C). The pharynx widens and 
shortens to reeeive the bolus of food as the suprahyoid 
muscles and longitndinal pharyngeal mnseles eontraet, 
elevating the larynx. 

• Stage 3; involnntary; sequential eontraetion of all three 
pharyngeal eonstrietor mnseles ereates a peristaltie ridge 
that forees the food bolus inferiorly into the esophagns 

(Fig. 8.45B-D). 
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FIGIJRE 8.44. Oral eavity and tonsillar bed. A. The oral eavity and palatine tonsils in a young ehild, vvith the mouth wide open and the tongue protrud- 
ing as far as possible. The uvula is a muscular projeetion from the posterior edge of the soft palate. B. In this deep disseetion ofthe tonsillar bed, the palatine 
tonsil has been removed. The tongue is pulled anteriorly, and the inferior (lingual) attaehment of the superior pharyngeal eonstrietor muscle is cut away. 
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FIGIJRE 8.45. Deglutition. A. The bolus of food is squeezed to the baek of the mouth by pushing the tongue against the palate. B. The nasopharynx is 
sealed off and the larynx is elevated, enlarging the pharynx to reeeive food. C. The pharyngeal sphineters eontraet sequentially, ereating a “peristaltie ridge,” 
squeezing food into the esophagus. The epiglottis defìeets the bolus from but does not elose the inlet to the larynx and traehea. D. The bolus of food moves 
down the esophagus by peristaltie eontraetions. 


The palatine tonsils are eolleetions of lymphoid tissne on 
eaeh side of the oropharynx in the interval between the pala- 
tine arehes (Figs. 8.43 and 8.44A). The tonsil does not fill 
the tonsillar sinns (fossa) between the palatoglossal and 
palatopharyngeal arehes in adnlts. The snbmneosal tonsil- 
lar bed, in whieh the palatine tonsil lies, is between these 
arehes (Fig. 8.44B). The tonsillar bed is formed by the 


snperior pharyngeal eonstrietor and the thin, fibrons sheet 
of pharyngobasilar faseia (Fig. 8.46A & B). This faseia 
blends with the periostenm of the eranial base and defines 
the limits of the pharyngeal wall in its snperior part. 

The laryngopharynx lies posterior to the larynx (Figs. 
8.41A and 8.43), extending from the snperior border of the 
epiglottis and the pharyngo-epiglottie folds to the inferior 
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FIGIJRE 8.46. Pharynx and eranial nerves. A. This disseetion shows the posterior aspeet of the pharynx and assoeiated structures. The buccopharyngeal 
faseia has been removed. Of the three pharyngeal eonstrietor muscles, the inferior muscle overlaps the middle one and the middle one overlaps the superior 
one. All three muscles form a eommon median pharyngeal raphe posteriorly. 
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FIGIJRE 8.46. {Continuecl) Pharynx and eranial nerves. B. The narrovvest and least distensible part ofthe alimentary traet is the pharyngo-esophageal 
junction, vvhere the laryngopharynx beeomes the esophagus. 


border of the erieoid eartilage, where it narrows and beeomes 
eontinnons with the esophagns. Posteriorly, the laryngophar- 
ynx is related to the bodies of the C4-C6 vertebrae. Its pos- 
terior and lateral walls are formed by the mìddle and inferior 
pharyngeal eonstrietor mnseles (Fig. 8.46A). Internally, the 
wall is formed by the palatopharyngens and stylopharyngens 
mnseles. The laryngopharynx eommnnieates with the larynx 
throngh the laryngeal inlet on its anterior wall (Fig. 8.42). 

The piriform fossa (reeess) is a small depression of the 
laryngopharyngeal eavity on either side of the laryngeal inlet. 
This mneosa-lined fossa is separated from the laryngeal inlet 
by the ary-epiglottie fold. Laterally, the piriform fossa is 
bonnded by the medial snrfaees of the thyroid eartilage and 
the thyrohyoid memhrane (Fig. 8.39). Branehes of the inter- 
nal laryngeal and reenrrent laryngeal nerves lie deep to the 
mneons membrane of the piriform fossa and are vnlnerable 
to injnry when a foreign body lodges in the fossa. 

Phaiyngeal Mnseles. The wall of the pharynx is excep- 
tional for the alimentary traet, having a mnsenlar layer eomposed 
entirely of volnntary mnsele, arranged with longitndinal mnseles 


internal to a eirenlar layer of mnseles. Most of the alimentary 
traet is eomposed of smooth mnsele, with a layer of longitndinal 
mnsele extemal to a eirenlar layer. The extemal eirenlar layer of 
pharyngeal mnseles eonsists of three pharyngeal eonstrietors; 
snperior, middle, and inferior (Figs. 8.44 and 8.46A & B). 
The intemal longitndinal mnseles eonsists of the palatopha- 
ryngens, stylopharyngens, and salpingopharyngens . These 
mnseles elevate the larynx and shorten the pharynx dnring swal- 
lowing and speaking. The pharyngeal mnseles are illnstrated in 
Fignre 8.47, and their attaehments, nerve snpply, and aetions of 
the pharyngeal mnseles are deseribed in Table 8.6. 

The pharyngeal eonstrietors have a strong internal faseial 
lining, the pharyngohasilar faseia (Fig. 8.46B), and a thin 
extemal faseial lining, the hneeopharyngealfaseia (Fig. 8.41A). 
Inferiorly, the bneeopharyngeal faseia blends with the pre- 
traeheal layer of the deep eervieal faseia. The pharyngeal 
eonstrietors eontraet involnntarily so that eontraetion takes 
plaee sequentially from the snperior to the inferior end of 
the pharynx, propelling food into the esophagns. All three 
pharyngeal eonstrietors are snpplied by the pharyngeal 
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FIGITRE 8.47. Muscles of pharynx. 


TABLE8.6. MUSCLES OF PHARYNX 


Muscle 

Origin 

insertion 

Innervation 

Main Aetion(s) 

External layer 

Superior 

pharyngeal 

eonstrietor 

Pterygoid hamulus, 
pterygomandibular raphe, 
posterior end of mylohyoid 
iine of mandible, and side 
of tongue 

Pharyngeal tubercle on 
basilar part of oeeipital 
bone 

Pharyngeal braneh of 
vagus (CN X) and 
pharyngeal plexus 

eonstriet walls of pharynx 
during swallowing 

Middle 

pharyngeal 

eonstrietor 

Stylohyoid ligamentand 
greaterand lesserhorns 
of hyoid 

Pharyngeal raphe 

Pharyngeal braneh of 
vagus (CN X) and pharyn- 
geal plexus, plus branehes 
of external and recurrent 
laryngeal nerves of vagus 

Inferior 

pharyngeal 

eonstrietor 

0blique line of thyroid 
eartilage and side of erieoid 
eartilage 

erieopharyngeal parteneir- 
eles pharyngo-esophageal 
junction withoutforming a 
raphe 

Internal layer 

Palatopharyngeus 

Hard palate and palatine 
aponeurosis 

Posterior borderof lamina 
of thyroid eartilage and 
side of pharynx and 
esophagus 

Pharyngeal braneh of 
vagus (CN X) and 
pharyngeal plexus 

Elevate (shorten and 
widen) pharynx and larynx 
during swallowing and 
speaking 

Salpingo- 

pharyngeus 

Cartilaginous part of 
pharyngotympanie tube 

Blends with palatopha- 
ryngeus 

Stylopharyngeus 

Styloid proeess of 
temporal bone 

Posterior and superior 
borders of thyroid eartilage 
with palatopharyngeus 

Glossopharyngeal nerve 
(CN IX) 
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plexus of nerves that is formed by pharyngeal branehes of 
the vagns and glossopharyngeal nerves and by sympathetie 
branehes from the snperior eervieal ganglion (Fig. 8.46A; 
Table 8.6). The pharyngeal plexus lies on the lateral wall of 
the pharynx, mainly on the middle pharyngeal eonstrietor. 

The overlapping of the pharyngeal eonstrietor mnseles 
leaves fonr gaps in the mnsenlatnre for strnetnres to enter or 
leave the pharynx (Fig. 8.47): 

1. Snperior to the snperior pharyngeal eonstrietor, the leva- 
tor veli palatini, pharyngotympanie tnbe, and aseending 
palatine artery pass throngh a gap hetioeen the snperior 
pharyngeal eonstrietor and the eraninm. It is here that the 
pharyngobasilar faseia blends with the bneeopharyngeal 
faseia to form, with the mneons membrane, the thin wall 
of the pharyngeal reeess (Fig. 8.42). 

2. A gap hettoeen the snperior and middle pharyngeal eon- 
strietors forms a passageway that allows the stylopharyn- 
gens, glossopharyngeal nerve, and stylohyoid ligament to 
pass to the internal aspeet of the pharyngeal wall (Fig 8.47). 

3. A gap hettoeen the middle and inferior pharyngeal eon- 
strietors allows the internal laryngeal nerve and snperior 
laryngeal artery and vein to pass to the larynx. 

4. A gap inferior to the inferior pharyngeal eonstrietor allows 
the reenrrent laryngeal nerve and inferior laryngeal artery 
to pass snperiorly into the larynx. 

Vessels of Phaiynx. A braneh of the faeial artery, the 
tonsillar artery (Fig. 8.44B) passes throngh the snperior pha- 
ryngeal eonstrietor mnsele and enters the inferior pole of the 
palatine tonsil. The tonsil also reeeives arterial twigs from the 
aseending palatine, lingnal, deseending palatine, and aseending 
pharyngeal arteries. The large extemal palatine vein (para- 
tonsillar vein) deseends from the soft palate and passes elose to 
the lateral snrfaee of the tonsil before it enters the pharyngeal 
venons plexus. 

The tonsillar lymphatie vessels pass laterally and 
inferiorly to the lymph nodes near the angle of the man- 
dible and the jngnlodigastrie node, referred to as the 
tonsillar node beeanse of its frequent enlargement when 
the tonsil is inflamed (tonsillitis) (Fig. 8.48). The palatine, 
lingnal, and pharyngeal tonsils form the pharyngeal lym- 
phatie (tonsillar) ring, an ineomplete eirenlar band of 
lymphoid tissne aronnd the snperior part of the pharynx 
(Fig. 8.49). The antero-inferior part of the ring is formed 
by the lingnal tonsil in the posterior part of the tongne. 
Lateral parts of the ring are formed by the palatine and 
tnbal tonsils, and posterior and snperior parts are formed 
by the pharyngeal tonsil. 

Phaiyngeal Nerves. The nerve snpply to the pharynx 
(motor and most of sensory) derives from the pharyngeal 
plexus of nerves (Fig. 8.46A). Motor flbers in the plexus are 
derived from the vagns nerve (CN X) via its pharyngeal braneh 
or branehes. They snpply all mnseles of the pharynx and soft 
palate, except the stylopharyngens (snpplied by CNIX) and the 
tensor veH palatini (snpplied by CN V3). The inferior pharyngeal 
eonstrietor also reeeives some motor flbers from the extemal 
and reenrrent laryngeal branehes of the vagns. Sensory flbers in 


the plexus are derived from the glossopharyngeal nerve. They 
are distribnted to all three parts of the pharynx. In addition, 
the mneons membrane of the anterior and snperior nasophar- 
ynx reeeives innervation from the maxillary nerve (CN V^). The 
tonsillar nerves are derived from the tonsillar plexus of nerves 
formed by branehes of the glossopharyngeal and vagns nerves. 

ESOPHAGUS 

The esophagns is a mnsenlar tnbe that eonneets the pharynx to 
the stomaeh. It begins in the neek where it is eontinnons with the 
laryngopharynx at the pharyngo-esophageal jnnetion (Figs. 
8.42 and 8.46B). The esophagns eonsists of striated (volnntary) 
mnsele in its npper third, smooth (involnntary) mnsele in its lower 
third, and a mixture of striated and smooth mnsele in between. 

Its flrst part, the eervieal esophagns, is part of the vol- 
nntary npper third. It begins immediately posterior to, and at 
the level of, the inferior border of the erieoid eartilage in the 
median plane. This is the level of the C6 vertebra. 

Externally, the pharyngo-esophageal jnnetion appears as 
a eonstrietion prodneed by the erieopharyngeal part of 
the inferior pharyngeal eonstrietor mnsele (the snperior 
esophageal sphineter) and is the narrowest part of the esopha- 
gns. The eervieal esophagns inelines slightly to the left as it 
deseends and enters the snperior mediastinnm via the snperior 
thoraeie apertnre, where it beeomes the thoraeie esophagns. 

When the esophagns is empty, it is a slit-like Inmen. When 
a food bolns deseends in it, the Inmen expands, elieiting reflex 
peristalsis in the inferior two thirds of the esophagns. The 
eervieal esophagns lies between the traehea and the eervi- 
eal vertebral eolnmn (Figs. 8.41 and 8.43A). It is attaehed to 
the traehea by loose eonneetive tissne. The reenrrent laryn- 
geal nerves lie in or near the traeheo-esophageal grooves 
between the traehea and esophagns (Fig. 8.46). On the right 
of the esophagns is the right lobe of the thyroid gland and the 
right earotid sheath and its eontents. 

The esophagns is in eontaet with the eervieal plenra at the 
root of the neek. On the left is the left lobe of the thyroid 
gland and the left earotid sheath. The thoraeie dnet adheres 
to the left side of the esophagns and lies between the plenra 
and the esophagns. For details eoneerning the thoraeie and 
abdominal regions of the esophagns, see Ohapters 1 and 2. 

Vessels of Gervieal Esophagns. The arteries to the 
eervieal esophagns are branehes of the inferior thyroid arter- 
ies. Eaeh artery gives off aseending and deseending branehes 
that anastomose with eaeh other and aeross the midline. 
Veins from the eervieal esophagns are tribntaries of the infe- 
rior thyroid veins. Lymphatie vessels of the eervieal part of 
the esophagns drain into the paratraeheal lymph nodes and 
inferior deep eervieal lymph nodes (Fig. 8.48). 

Nerves of Gervieal Esophagns. The nerve snpply to the 
esophagns is somatie motor and sensory to the npper half and 
parasympathetie (vagal), sympathetie, and viseeral sensory to 
the lower half The eervieal esophagns reeeives somatie flbers 
via branehes from the reenrrent laryngeal nerves and vasomo- 
tor flbers from the eervieal sympathetie tmnks throngh the 
plexus aronnd the inferior thyroid artery (Fig. 8.46). 
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FIGIJRE 8.48. Lymphatie drainage of head and neek. A and B. The pathways ofthe superfìcial and deep lymphatie drainages are shown, respeetively 
e. The lymph nodes, lymphatie trunks, and thoraeie duct are shown. 


Surface Anatomy of Endoerine and 
Respìratory Layers of Gervieal Viseera 

The neek of an infant is short; therefore, the eervieal viseera 
are loeated more snperiorly in infants than in adnlts. The eer- 
vieal viseera do not reaeh their final levels nntil after the 7th 
year. The elongation of the neek is aeeompanied by grovvth 
ehanges in the skin. Consequently, a midline ineision in the 
inferior neek of an infant resnlts in a sear that will lie over the 
snperior part of the sternnm as a ehild. 

The U-shaped hyoid hone lies in the anterior part of 
the neek in the deep angle betvveen the mandible and 
the thyroid eartilage at the level of the C3 vertebra (Fig. 
8.50). Svvallovv, and the hyoid will move nnder yonr 
fingers when they are plaeed at the angle between the 
ehin and anterior neek. The greater horn of one side of 
the hyoid is palpable only when the greater horn on the 
opposite side is steadied. 


The laryngeal prominenee is prodneed by the meeting 
of the laminae of the thyroid eartilage at an aente angle in 
the anterior midline. This thyroid angle, most aente in post- 
pnbertal males, forms the laryngeal prominenee (“Adam’s 
apple”), which is palpable and frequently visible. Dnring 
palpation of the prominenee, it ean be felt to reeede on swal- 
lowing. The voeal folds are at the level of the middle of the 
laryngeal prominenee. 

The erieoid eartilage ean be felt inferior to the laryngeal 
prominenee at the level of the C6 vertebra. Extend yonr 
neek as far as possible and rnn yonr finger over the laryngeal 
prominenee. As yonr finger passes inferiorly from the prom- 
inenee, feel the erieothyroid ligament, the site for a needle 
erieothyrotomy or eoniotomy (see the blne box “Aspiration 
of Foreign Bodies and Heimlieh Manenver” on p. 1044). 
After yonr finger passes over the areh of the erieoid earti- 
lage, note that yonr fingertip sinks in beeanse the areh of 
the eartilage projeets farther anteriorly than the rings of the 
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FIGITRE 8.49. Lymphoid tissue in tongue and pharynx. The pharyngeal 
lymphatie (tonsillar) ring (pink) around the superior pharynx is formed 
of the pharyngeal, tubal, palatine, and lingual tonsils. 


traehea. The erieoid eartilage, a key landmark in the neek, 
indieates the: 

• Level of the C6 vertebra. 

• Site where the earotid artery ean be eompressed against 
the transverse proeess of the C6 vertebra. 

• jnnetion of the larynx and traehea. 

• Joining of the pharynx and esophagns. 

• Point where the reenrrent laryngeal nerve enters the larynx. 

• Site that is approximately 3 em snperior to the isthmns of 
the thyroid gland. 

The fìrst traeheal eartilage is broader than the others and 
is palpable (Fig. 8.32A). The seeond throngh fonrth earti- 
lages eannot be felt beeanse the thyroid isthmns eonneeting 
the right and left lobes of the thyroid eovers them. 
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FIGIJRE 8.50. Surface anatomy of endoerine and respiratory layers of 
neek. 


The thyroid gland may be palpated by anterior or posterior 
approaehes (i.e., standing in front of or behind the person). 
Plaee yonr fingertips anterior (for the isthmns) or immedi- 
ately lateral (for the lobes) to the traehea and then direet the 
person to swallow (see Biekley, 2009, for details). Althongh 
both approaehes to examining the thyroid are performed, 
the posterior approaeh nsnally allows better palpation, bnt 
the anterior approaeh allows observation. A perfeetly nor- 
mal thyroid gland may not be visible or distinetly palpable 
in some females, exeept dnring menstrnation or pregnaney. 
The normal gland has the eonsisteney of mnsele tissne. 

The isthmns of the thyroid gland lies immediately inferior 
to the erieoid eartilage; it extends approximately 1.25 em on 
either side of the midline. It ean nsnally be felt by plaeing the 
fingertips of one hand on the midline below the erieoid areh 
and then asking the person to swallow. The isthmns will be 
felt moving up and then down. The apex of eaeh lohe of the 
thyroid gland extends snperiorly to the middle of the lamina 
of the thyroid eartilage (Fig. 8.50). 

The snrfaee anatomy of the posterior aspeet of the neek is 
deseribed in ehapter 4 (p. 492). Key points are the following: 

• The spinons proeesses of the C6 and C7 vertehrae are pal- 
pable and visible, espeeially when the neek is fiexed. 

• The transverse proeesses of the Cl, C6, and C7 vertehrae 
are palpable. 

• The tnhereles of the C1 vertehra ean be palpated by deep 
pressnre posteroinferior to the tips of the mastoid proeesses. 


VISGERA OF NECK 


Thyroid Ima Artery 



In approximately 10% of people, a small, nnpaired 
thyroid ima artery (L. arteria thyroidea ima) arises 
from the braehioeephalie trnnk (Fig. B8.5); however. 


it may arise from the areh of the aorta or from the right eom- 
mon earotid, snbelavian, or internal thoraeie arteries. This 
small ima artery aseends on the anterior snrfaee of the traehea 
to the isthmns of the thyroid gland, snpplying branehes to 
both strnetnres. The possible presenee of this artery mnst be 
eonsidered when performing proeednres in the midline of the 














ehapter 8 • Neek 


1041 


External earotid 
artery 

Superior thyroid 
artery 


Inferior thyroid 
artery 



Isthnnus of 
thyroid gland 


Thyroeervieal 

trunk 


Right 
subclavian artery 


Braehioeephalie trunk 


Thyroid ima artery 


Left eommon 
earotid artery 


Left subclavian artery 


Areh of aorta 


FIGUREB8.5. 


neek inferior to the isthmns, beeanse it is a potential sonree of 
bleeding (see the blne box “Traeheostomy,” p. 1045). 


Thyroglossal Duct Gysts 

Development of the thyroid gland begins in the 



floor of the embryonie pharynx at the site indieated 
by a small pit, the foramen cecum, in the dorsnm of 
the postnatal tongne (Ghapter 7, p. 940). Subsequently, the 
developing gland reloeates from the tongne into the neek, 
passing anterior to the hyoid and thyroid eartilages to reaeh 
its flnal position anterolateral to the snperior part of the tra- 
ehea (Moore et ak, 2012). Dnring this reloeation, the thyroid 
gland is attaehed to the foramen eeenm by the thyroglossal 
duct. This dnet normally disappears bnt remnants of epithe- 
linm may remain and form a thyroglossal duct eyst at any 
point along the path of its deseent (Fig. B8.6A). The eyst is 
nsnally in the neek, elose or jnst inferior to the hyoid, and 
forms a svvelling in the anterior part of the neek. Snrgieal 
excision of the eyst may be neeessary. Most thyroglossal dnet 
eysts are in the neek, elose or jnst inferior to the body of the 
hyoid (Fig. B8.6B). 


Aberrant Thyroìd Gland 

Áberrant thyroid glandular tissue may be fonnd any- 



where along the path of the embryonie thyroglossal 
dnet. Althongh nneommon, the thyroglossal dnet ear- 
rying thyroid-forming tissne at its distal end may fail to reloeate 
to its deflnitive position in the neek. Aberrant thyroid tissne 
may be in the root of the tongne, jnst posterior to the foramen 
eeenm, resnlting in a lingaal thyroid gland, or in the neek, at 
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F1GURE B8.6. A. Thyroglossal duct vestiges. B. Ghild vvith thyroglossal 
duct eyst. 


or jnst inferior to the hyoid (Fig. B8.7A). Gystie remnants of the 
thyroglossal dnet may be differentiated from an nndeseended 
thyroid by radioisotope seanning (Fig. B8.7B). As a rnle, an 
eetopie thyroid gland in the median plane of the neek is the only 
thyroid tissne present. Oeeasionally, thyroid glandnlar tissne is 
assoeiated with a thyroglossal dnet eyst. Therefore, it is impor- 
tant to differentiate between an eetopie thyroid gland and a 
thyroglossal dnet eyst when excising a eyst. Failnre to do so may 
resnlt in a total thyroideetomy, leaving the person permanently 
dependent on thyroid medieation (Lenng et ak, 1995). 

Aeeessory Thyroìd Glandular Tissue 



Portions of the thyroglossal dnet may persist to form 
thyroid tissne. Aeeessory thyroid glandular tissue 
may appear anywhere along the embryonie eonrse 





































1042 


ehapter 8 • Neek 



FIGIJRE B8.7. Aberrant thyroid glandular tissue. A. Aberrant tissue 
inferiorto hyoid bone. B. Radioisotope sean demonstrating presenee of 
aberrant thyroid glandular tissue (ATG). Glandular tissue in the typieal 
position is present in irregularly shaped masses making up small tapering 
lobes and a large isthmus. 
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FIGURE B8.8. 


usually to the left of the median plane; the isthmns may be 
ineomplete or absent (Fig. B8.8). A band of eonneetive tis- 
sue, often eontaining aeeessory thyroid tissue, may eontinue 
from the apex of the pyramidal lobe to the hyoid. This narrow 
lobe and eonneetive tissue band develop from remnants of 
the epithelinm and eonneetive tissue of the thyroglossal duct. 


of the thyroglossal duct (e.g., in the thymus inferior to the 
thyroid gland or in the thorax). An aeeessory thyroid gland 
may develop in the neek lateral to the thyroid eartilage; it 
usually lies on the thyrohyoid muscle (Fig. 8.28). Although 
the aeeessory gland may be ftmetional, it is often of insnffi- 
eient size to maintain normal ftmetion if the thyroid gland is 
removed. 

Pyramìdal Lobe of Thyroìd Gland 

Approximately 50% of thyroid glands have a pyra- 
mìdal lohe. This lobe, which varies in size, extends 
snperiorly from the isthmns of the thyroid gland. 


Enlargement of Thyroid Gland 

A non-neoplastie, noninflammatory enlargement of 
the thyroid gland, other than the variable enlarge- 
ment that may occur during menstrnation and preg- 
naney, is ealled a goiter, which resnlts from a laek of iodine. It 
is eommon in parts of the world where the soil and water are 
defieient in iodine. The enlarged gland causes a swelling in the 
neek that may eompress the traehea, esophagns, and recur- 
rent laryngeal nerves (Fig. B8.9). When the gland enlarges, it 
may do so anteriorly, posteriorly, inferiorly, or laterally. It ean- 
not move snperiorly beeanse of the snperior attaehments of 
the overlying sternothyroid and sternohyoid mnseles 
(Table 8.3). Snbsternal extension of a goiter is also eommon. 
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FIGUREB8.9. Enlarged thyroìd. A. Individual vvith a goiter. B. Seinti- 
gram shovving a diffuse, enlarged thyroid gland. 



Thyroideetomy 

Excision of a malignant tnmor of the thyroid gland, 
or other snrgieal proeednre, sometimes neeessitates 
removal of part or all of the gland {hemithyroidee- 
tomy or thyroideetomy). In the snrgieal treatment of hyper- 
thyroidism, the posterior part of eaeh lobe of the enlarged 
thyroid is nsnally preserved, a proeednre ealled near-total 
thyroideetomy, to proteet the reenrrent and snperior laryn- 
geal nerves and to spare the parathyroid glands. Postoperative 
hemorrhage after thyroid gland snrgery may eompress the 
traehea, making breathing diffienlt. The blood eolleets within 
the fíbrons eapsnle of the gland. 


Injury to Recurrent Laryngeal Nerves 



The risk of injnry to the reenrrent laryngeal nerves 
is ever present dnring neek snrgery. Near the infe- 
rior pole of the thyroid gland, the right reenrrent 
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FIGURE B8.10. 


laryngeal nerve is intimately related to the inferior thyroid 
artery and its branehes (Fig. B8.10). This nerve may eross 
anterior or posterior to branehes of the artery, or it may pass 
betvveen them. Beeanse of this elose relationship, the inferior 
thyroid artery is ligated some distanee lateral to the thyroid 
gland, where it is not elose to the nerve. Althongh the danger 
of injnring the left reenrrent laryngeal nerve dnring snrgery 
is not as great, owing to its more vertieal aseent from the 
snperior mediastinnm, the artery and nerve are also elosely 
assoeiated near the inferior pole of the thyroid gland (Fig. 
8.27). Hoarseness is the nsnal sign of nnilateral reenrrent 
nerve injnry; however, temporary aphonia or distnrbanee of 
phonation (voiee prodnetion) and laryngeal spasm may oeenr. 
These signs nsnally resnlt from brnising the reenrrent laryn- 
geal nerves dnring snrgery or from the pressnre of aeenmn- 
lated blood and serons exudate after the operation. 


Inadvertent Removal 
of Parathyroid Glands 



The variable position of the parathyroid glands, espe- 
eially the inferior ones, pnts them in danger of being 
damaged or removed dnring snrgieal proeednres in 
the neek. The snperior parathyroid glands may be as far snpe- 
rior as the thyroid eartilage, and the inferior glands may be as 
far inferior as the snperior mediastinnm (Fig. 8.30B). The 
aberrant sites of these glands are of eoneern when searehing 
for abnormal parathyroid glands, as may be neeessary in treat- 
ing parathyroid adenoma, an ordinarily benign tnmor of epi- 
thelial tissne assoeiated with hyperparathyroidism. 

Atrophy or inadvertent snrgieal removal of all the para- 
thyroid glands resnlts in tetany, a severe nenrologie syn- 
drome eharaeterized by mnsele twitches and eramps. The 
generalized spasms are eansed by deereased sernm eal- 
einm levels. Beeanse laryngeal and respiratory mnseles are 
involved, failnre to respond immediately with appropri- 
ate therapy ean resnlt in death. To safegnard these glands 
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during thyroideetomy, surgeons usually preserve the poste- 
rior part of the lobes of the thyroid gland. 

In eases in whieh it is neeessary to remove the whole 
thyroid gland (e.g., beeanse of malignant disease), the para- 
thyroid glands are earefnlly isolated with their blood vessels 
intaet before removal of the thyroid gland. Parathyroid tissne 
may also be transplanted, usually to the arm, so it will not be 
damaged by subsequent snrgery or radiation therapy. 

Fraetnres of Laryngeal Skeleton 

Laryngealfraetnres may resnlt from blows reeeived 
in sports, sueh as kiek boxing and hoekey, or from 
eompression by a shonlder strap dnring an antomo- 
bile aeeident. Beeanse of the frequeney of this type of injnry, 
most goalies in iee hoekey and eatehers in baseball have pro- 
teetive gnards hanging from their masks that eover their 
larynges. Laryngeal fraetnres prodnee submueous hemor- 
rhage and edema, respiratory obstrnetion, hoarseness, and 
sometimes a temporary inability to speak. 

Laryngoseopy 

Laryngoseopy is the proeednre used to examine the 
interior of the larynx. The larynx may be examined 
visnally by indireet laryngoseopy using a laryngeal 
mirror (Fig. B8.11A). The anterior part of the tongne is gen- 
tly pnlled from the oral eavity to minimize the extent to whieh 
the posterior part of the tongne eovers the epiglottis and 
laryngeal inlet. Beeanse the rima vestibnli is larger than the 
rima glottidis dnring normal respiration, the vestibnlar folds 
and voeal folds are visible dnring a laryngoseopie examination 
(Fig. B8.11B). The larynx ean also be viewed hydireet laryn- 
goseopy, using a tubular endoseopie instrnment, a laryngo- 
seope. A laryngoseope is a tube or flexible flber optie 
endoseope equipped with eleetrieal lighting for examining or 
operating on the interior of the larynx throngh the mouth. 
The vestibular folds normally appear pink, whereas the voeal 
folds are usually pearly white. 




Valsalva Maneuver 



The sphineterie aetions of the vestibnlar and voeal 
folds are important dnring the Valsalva manenver, 
any foreed expiratory effort against a elosed ainvay, 
such as a cough, sneeze, or strain dnring a bowel movement 
or weight lifting. The vestibnlar and voeal folds abdnet widely 
as the lungs inflate dnring deep inspiration. In the Valsalva 
manenver, both the vestibnlar and voeal folds are tightly 
addneted at the end of deep inspiration. The anterolateral 
abdominal mnseles then eontraet strongly to inerease the 
intrathoraeie and intra-abdominal pressnres. The relaxed 
diaphragm passively transmits the inereased abdominopelvie 
pressnre to the thoraeie eavity. Beeanse high intrathoraeie 
pressnre impedes venons retnrn to the right atrinm, the 
Valsalva manenver is used to study cardiovascular effeets of 
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FIGURE B8.11. 


raised peripheral venous pressure and deereased eardiae flll- 
ing and eardiae output. 


Aspiration of Foreign Bodies 
and Heimlieh Maneuver 



A foreign objeet, such as a pieee of steak, may aeei- 
dentally aspirate (be inhaled into the ainvays) 
throngh the laryngeal inlet into the vestibnle of the 
larynx, where it beeomes trapped snperior to the vestibnlar 
folds. When a foreign objeet enters the vestibnle of the lar- 
ynx, the laryngeal mnseles go into spasm, tensing the voeal 
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folds. The rima glottidis eloses and no air enters the traehea. 
The resnlting bloekage may eompletely seal off the larynx 
(laryngeal ohstrnetion) and ehoke the person, leaving the 
individnal speeehless beeanse the larynx is bloeked. 
Asphyxiation oeenrs, and the person will die in approximately 
5 min from laek of oxygen if the obstrnetion is not removed. 

A person who is ehoking will eongh in an attempt to dis- 
lodge the objeet. The vestibnlar folds are part of the protee- 
tive meehanism that eloses the larynx. The mneosa of the 
vestibnle is sensitive to foreign objeets sneh as food. When 
an objeet passes throngh the laryngeal inlet and eontaets the 
vestibnlar epithelinm, violent eonghing oeenrs. Emergeney 
therapy mnst be given to open the ainvay. The proeednre 
nsed depends on the eondition of the person, the faeilities 
available, and the experienee of the person giving first aid. 

Beeanse the Inngs still eontain air, sndden eompression 
of the abdomen {Heimlieh manenver) eanses the diaphragm 
to elevate and eompress the Inngs, expelling air from the 
traehea into the larynx. This manenver nsnally dislodges 
the food or other material from the larynx. To perform 
the Heimlieh manenver, the person giving first aid nses 
snbdiaphragmatie abdominal thrnsts to expel the foreign 
objeet from the larynx. First, the elosed fist, with the base 
of the palm faeing inward, is plaeed on the vietim s abdo- 
men between the nmbiliens and the xiphoid proeess of 
the sternnm (Fig. B8.12). The fist is grasped by the other 
hand and foreefnlly thrnst inward and snperiorly, foreing 
the diaphragm snperiorly. This aetion forees air from the 
Inngs and ereates an artifieial eongh that nsnally expels the 
foreign objeet. Several abdominal thrnsts may be neeessary 
to remove the obstrnetion in the larynx. 

In extreme eases, experieneed persons (e.g., physieians) 
insert a large-bore needle throngh the erieothyroid ligament 



Position of hands 

FIGIJRE B8.12. Heìmlìeh maneuver. 


(needle erieothyrotomy, or “eoniotomy”) to permit fast entry 
of air. Later, a snrgieal erieothyrotomy may be performed, 
whieh involves an ineision throngh the skin and erieothyroid 
ligament and insertion of a small traeheostomy tuhe into the 
traehea (Fig. B8.13). 


Traeheostomy 

A transverse ineision throngh the skin of the neek 
and anterior wall of the traehea, traeheostomy 
establishes an ainvay in patients with npper ainvay 
obstrnetion or respiratory failnre (Fig. B8.13). The infra- 
hyoid mnseles are retraeted laterally, and the isthmns of the 
thyroid gland is either divided or retraeted snperiorly. An 
opening is made in the traehea between the first and seeond 
traeheal rings or throngh the seeond throngh fonrth rings. A 
traeheostomy tuhe is then inserted into the traehea and 
seenred. To avoid eomplieations dnring a traeheostomy, the 
following anatomieal relationships are important: 

• The inferior thyroid veins arise from a venons plexus on 
the thyroid gland and deseend anterior to the traehea. 

• A small thyroid ima artery is present in approximately 
10% of people; it aseends from the braehioeephalie trnnk 
or the areh of the aorta to the isthmns of the thyroid gland. 

• The left hraehioeephalie vein, jngnlar venons areh, and 
plenrae may be eneonntered, partienlarly in infants 
and ehildren. 

• The thymus eovers the inferior part of the traehea in 
infants and ehildren. 

• The traehea is small, mobile, and soft in infants, making 
it easy to ent throngh its posterior wall and damage the 
esophagns. 




Injury to Laryngeal Nerves 

Beeanse the inferior laryngeal nerve, the eontinna- 
tion of the reenrrent laryngeal nerve, innervates the 
mnseles moving the voeal fold, paralysis of the voeal 
fold resnlts when injury to laryngeal nerves oeenrs. The voiee 
is poor initially beeanse the paralyzed voeal fold eannot 
addnet to meet the normal voeal fold. Within weeks, the eon- 
tralateral fold erosses the midline when its mnseles aet to 
eompensate. When bilateral paralysis of the voeal folds 
oeenrs, the voiee is almost absent beeanse the voeal folds are 
motionless in a position that is slightly narrower than the nsn- 
ally nentral respiratory position. They eannot be addneted for 
phonation, nor ean they be abdneted for inereased respira- 
tion, resnlting in stridor (high pitehed, noisy respiration) 
often aeeompanied by anxiety similar to that aeeompanying 
an asthmatie episode. 

In progressive lesions of the reenrrent laryngeal nerve, 
abdnetion of the voeal ligaments is lost before addnetion; 
eonversely, dnring reeovery, addnetion retnrns before 
abdnetion. Hoarseness is the eommon symptom of serions 
disorders of the larynx, sneh as eareinoma of the voeal folds. 
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FIGIJRE B8.13. Traeheostomy. 


Paralysis of the snperior laryngeal nerve causes anesthesia 
of the snperior laryngeal mucosa. As a resnlt, the proteetive 
meehanism designed to keep foreign bodies out of the larynx 
is inaetive, and foreign bodies ean easily enter the larynx. 
Injnry to the external braneh of the snperior laryngeal nerve 
resnlts in a voiee that is monotonons in eharaeter beeanse the 
paralyzed erieothyroid mnsele snpplied by it is nnable to vary 
the length and tension of the voeal fold (Table 8.5, p. 1028). 
Such an injnry may be nnnotieed in individnals who do not 
usually employ a wide range of tone in their speeeh, but it 
may be eritieal to singers or pnblie speakers. 

To avoid injnry to the external braneh of the snperior 
laryngeal nerve (e.g., dnring thyroideetomy), the snperior 
thyroid artery is ligated and seetioned more snperior to the 
gland, where it is not as elosely related to the nerve. Beeanse 
an enlarged thyroid gland (goiter) may itself cause impaired 
innervation of the larynx by eompressing the laryngeal nerves, 
the voeal folds are examined by laryngoseopy before an oper- 
ation in this area. In this way, damage to the larynx or its 
nerves resnlting from a snrgieal mishap may be distinguished 
from a pre-existing injnry resnlting from nerve eompression. 


Superior Laryngeal Nerve Bloek 

A snperior laryngeal nerve hloek is often adminis- 
tered with endotraeheal intnbation in the eonseions 
patient. This technique is used for peroral endos- 
eopy, transesophageal eehoeardiography, and laryngeal and 
esophageal instrnmentation. The needle is inserted midway 
between the thyroid eartilage and the hyoid, 1-5 em anterior 
to the greater horn of the hyoid. The needle passes throngh 



the thyrohyoid membrane and the anesthetie agent bathes 
the internal laryngeal nerve, the larger terminal braneh of the 
snperior laryngeal nerve. Anesthesia of the laryngeal mneosa 
oeenrs snperior to the voeal folds and inelndes the snperior 
snrfaee of these folds. 

Ganeer of Larynx 

The ineidenee of eaneer of the larynx is high in 
individnals who smoke eigarettes or chew tobaeeo. 
Most persons present with persistent hoarseness, 
often assoeiated with otalgia (earaehe) and dysphagia (dif- 
fienlty in swallowing). Enlarged pretraeheal or paratraeheal 
lymph nodes may indieate the presenee of laryngeal 
eaneer. Laryngeetomy (removal of the larynx) may be per- 
formed in severe eases of eaneer. Voeal rehabilitation ean 
be aeeomplished by the use of an electrolarynx, a traeheo- 
esophageal prosthesis, or esophageal speeeh (regnrgitation 
of ingested air). 

Age ehanges ìn Larynx 

The larynx grows steadily until approximately 
3 years of age, after which little growth oeenrs until 
approximately 12 years of age. Before pnberty, no 
major laryngeal sex differenees exist. Owing to the pres- 
enee of testosterone at pnberty in males, the walls of the 
larynx strengthen, and the laryngeal eavity enlarges. There 
is only a slight inerease in the size of the larynx of most 
girls. In boys, all of the laryngeal eartilages enlarge and the 
laryngeal prominenee beeomes conspicuous in most 
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males. The anteroposterior diameter of the rima glottidis 
almost donbles its prepnbeseent measnrement in males, 
the voeal folds lengthening and thiekening proportion- 
ately and abrnptly. This growth aeeonnts for the voiee 
ehanges that oeenr in males: The piteh typieally beeomes 
an oetave lower. 

The piteh of the voiee of eunuchs, males whose testes 
have not developed {agonadal males) or have been snrgieally 
removed (e.g., eaneerons testes), does not beeome lower 
without administration of male hormones. The thyroid, eri- 
eoid, and most of the arytenoid eartilages often ossify as age 
advanees, eommeneing at approximately 25 years of age in 
the thyroid eartilage. By 65 years of age, the eartilages are 
frequently visible in radiographs. 



Foreign Bodies in Laryngopharynx 

When food passes throngh the laryngopharynx dnr- 
ing swallowing, some of it enters the piriform fos- 
sae. Foreign hodies (e.g., aehieken bone or fishbone) 
entering the pharynx may lodge in this reeess. If the objeet is 
sharp, it may pieree the mneons membrane and injnre the 
internal laryngeal nerve. 

The snperior laryngeal nerve and its internal laryngeal 
braneh are also vnlnerable to injnry dnring removal of the 
objeet if the instrnment nsed to remove the foreign body 
aeeidentally pierees the mneons membrane. Injnry to these 
nerves may resnlt in anesthesia of the laryngeal mneons 
membrane as far inferiorly as the voeal folds. Yonng ehil- 
dren swallow a variety of objeets, most of whieh reaeh the 
stomaeh and pass throngh the alimentary traet without dif- 
fienlty. In some eases, the foreign body stops at the inferior 
end of the laryngopharynx, its narrowest part. A medieal 
image sneh as a radiograph or a CT sean will reveal the 
presenee of a radiopaque foreign body. Foreign bodies in 
the pharynx are often removed nnder direet vision throngh 
a pharyngoseope. 


Sinus Traet from Piriform Fossa 



Althongh nneommon, a sinus traet may pass from 
the piriform fossa to the thyroid gland, beeoming a 
potential site for reenrring thyroiditis (infiamma- 
tion of the thyroid gland). This sinns traet apparently devel- 
ops from a remnant of the thyroglossal dnet that adheres to 
the developing laryngopharynx. Removal of this sinns traet 
essentially involves a partial thyroideetomy beeanse the piri- 
form fossa lies deep to the snperior pole of the gland (Seher 
and Riehtsmeier, 1994). 


Tonsilleetomy 

Tonsilleetomy (removal of the tonsils) is per- 
formed by disseeting the palatine tonsil from the 
tonsillar bed or by a gnillotine or snare operation. 
Eaeh proeednre involves removal of the tonsil and 



snrronnding eonneetive tissne (Fig. B8.14). Beeanse of 
the rieh blood snpply of the tonsil, bleeding eommonly 
arises from the large external palatine vein (Fig. 8.44B) 
or, less eommonly, from the tonsillar artery or other arte- 
rial twigs. The glossopharyngeal nerve (CN IX) aeeom- 
panies the tonsillar artery on the lateral wall of the 
pharynx. Beeanse this wall is thin, the nerve is vnlnerable 
to injnry. The internal earotid artery is espeeially vnlner- 
able when it is tortnons and lies direetly lateral to the 
tonsil (Fig. 8.46B). 
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FIGUREB8.14. Tonsìlleetomy. 
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Adenoìditis 

Inflammation of the pharyngeal tonsils (adenoids— 
Fig. 8.43) is ealled adenoiditis, which ean obstrnet 
the passage of air from the nasal eavities throngh the 
ehoanae into the nasopharynx, making month breathing nee- 
essary. infeetion from the enlarged pharyngeal tonsils may 
spread to the tnbal tonsils, eansing swelling and elosnre of the 
pharyngotympanie tnbes. Impairment of hearing may resnlt 
from nasal obstrnetion and bloekage of the pharyngotympanie 
tnbes. infeetion spreading from the nasopharynx to the mid- 
dle ear eanses otitis media (middle ear infeetion), which may 
prodnee temporary or permanent hearing loss. Sometimes 
the palatine and pharyngeal tonsils are removed dnring the 
same operation {tonsilleetomy and adenoideetomy; T&A). 
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FIGIJRE B8.16. Branehìal sìnuses. 


Branehial Fìstnla 

A hranehial jìstnla is an abnormal eanal that opens 
internally into the tonsillar sinns (fossa) and exter- 
nally on the side of the neek (Fig. B8.15A). Saliva 
may drip from the flstnla, which may beeome infeeted. This 
nneommon eervieal eanal resnlts from persistenee of rem- 
nants of the 2nd pharyngeal poneh and 2nd pharyngeal 
groove (Moore et al., 2012). The flstnla aseends from its eer- 
vieal opening, nsnally along the anterior border of the SCM 
in the inferior third of the neek. It flrst passes throngh the eanal. The opening of the sinns may be anywhere along 

snbentaneons tissne, platysma, and faseia of the neek to enter the anterior border of the SCM (Fig. B8.16). If a remnant 

the earotid sheath. It then passes between the internal and of the eervieal sinns is not eonneeted with the snrfaee, it 

the external earotid arteries on its way to its opening in the may form a hranehial eyst (lateral eervieal eyst), nsnally 

tonsillar sinns. Its eonrse ean be demonstrated by radiogra- loeated jnst inferior to the angle of the mandible. Althongh 


Branehìal Sìnnses and Cysts 

When the embryonie eervieal sinns fails to disap- 


pear, it may retain its eonneetion with the lateral 
snrfaee of the neek by a hranehial sinns, a narrow 



phy(Fig. B8.15B). 


branehial eysts may be present in infants and ehildren. 
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FIGIJRE B8.15. Branehìal fistula. 






























ehapter 8 • Neek 


1049 


they may not enlarge and beeome visible nntil early adnlt- 

exeised. The eyst 
passes elose to the hypoglossal, glossopharyngeal, and spi- 
nal aeeessory nerves (Fig. 8.46A). Therefore, eare mnst be 
taken to avoid damage to these nerves dnring removal of 
the eyst. 


hood. The sinns and eyst are nsnally 



Esophageal Injuries 

Esophageal injnries are the rarest kinds of pene- 
trating neek tranma; however, they eanse most 
eomplieations after a snrgieal proeednre or other 
treatment. Most esophageal injnries oeenr in eonjnnetion 
with ainvay injnries beeanse the ainvay lies anterior to the 
esophagns and provides some proteetion to it. Esophageal 
injnries are often oeenlt (hidden), which makes the injnry 
diffienlt to deteet, espeeially if it is isolated. IJnreeognized 
esophageal perforation is fatal in nearly all non-operative 
eases and in approximately 50% of snrgieal oeenranees 
(Sinkinson, 1991). 


Traeheo-Esophageal Fìstula 

The most eommon birth defeet of the esophagns is 
traeheo-esophagealjìstnla (TEF). IJsnally, it is eom- 



bined with some form of esophageal atresia. In the 
most eommon type of TEF (approximately 90% of eases), 
the snperior part of the esophagns ends in a blind poneh and 
the inferior part eommnnieates with the traehea (Fig. B8.17A). 
In these eases, the poneh fills with mnens, which the infant 
aspirates. In some eases, the snperior esophagns eommnni- 
eates with the traehea and the inferior esophagns joins the 
stomaeh (Fig. B8.17C), bnt sometimes it does not, prodneing 
TEF with esophageal atresia (Fig. B8.17B). TEFs resnlt 
from failnres in partitioning of the esophagns and traehea 
(Moore et al., 2012). 



Esophageal Cancer 

The most eommon presenting eomplaint of esopha- 
geal eaneer is dysphagia (diffienlty in swallowing), 
which is not nsnally reeognized nntil the Inmen is 
redneed by 30-50%. Esophagoseopy is a eommon diagnostie 
tool for observing these eaneers. Painfnl swallowing in some 
patients snggests extension of the tnmor to peri-esophageal 
tissnes. Enlargement of the inferior deep eervieal lymph 
nodes also snggests esophageal eaneer. Gompression of the 
reenrrent laryngeal nerves by an esophageal tnmor prodnees 
hoarseness. 


Zones of Penetrating Neek Trauma 

Three zones are eommon elinieal gnides to the seri- 
onsness of neek tranma (Fig. B8.18). The zones 
give physieians an nnderstanding of the strnetnres 
that are at risk with penetrating neek injnries. 



T raehea 


(A) 



Atresia of superior 
part of esophagus 

Fistula 

Inferior part 
of esophagus 



FIGIJRE B8.17. Traeheo-esophageal fistulae (TEF). 


• Zone I; inelndes the root of the neek and extends from 
the elavieles and the mannbrinm to the level of the infe- 
rior border of the erieoid eartilage. Strnetnres at risk are 
the eervieal plenrae, apiees of Inngs, thyroid and para- 
thyroid glands, traehea, esophagns, eommon earotid 
arteries, jngnlar veins, and the eervieal region of the ver- 
tebral eolnmn. 

• Zone II; extends from the erieoid eartilage to the level 
of the angles of the mandible. Strnetnres at risk are the 
snperior poles of the thyroid gland, thyroid and erieoid 
eartilages, larynx, laryngopharynx, earotid arteries, jngnlar 
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Zone III 



Zone II 


Zone I 


Angle of 
mandible 


Grieoid 

eartilage 


eiaviele 

Manubrium 


FIGIJRE B8.18. Zones of penetratìng neek trauma. 


veins, esophagns, and eervieal region of the vertebral 
eolnmn. 

• Zone III; oeenrs at the angles of the mandibles snperi- 
orly. Strnetnres at risk are the salivary glands, oral and 
nasal eavities, oropharynx, and nasopharynx. 

Injnries in zones I and III obstrnet the ainvay and have the 
greatest risk for morbidity (eomplieations follovving snrgieal 
proeednres and other treatments) and mortality (a fatal ont- 
eome) beeanse the injnred strnetnres are diffìenlt to visnalize 
and repair and the vasenlar damage is diffìenlt to eontrol. 
Injnries in zone II are most eommon; however, morbidity 
and mortality are lower beeanse physieians ean eontrol vas- 
enlar damage by direet pressnre and snrgeons ean visnalize 
and treat injnred strnetnres more easily than they ean in the 
other zones. 


The Bottom Lìne 


VISGERA OF NEGK 

Endoerìne layer of eervìeal vìseera: Despìte dìfferent 
developmental origins, the endoerine thyroid and parathyroid 
glands are intimately related. ♦ Typieally, the thyroid gland 
is roughly H-shaped, with right and left lobes linked by a thin 
eentral isthmus. ♦ The thyroid gland wraps around the anterior 
and lateral aspeets of the traehea at the level of the seeond to 
fourth traeheal rings; the isthmus lies anteriorto the seeond 
and third rings. ♦ Typieally, there are four parathyroid glands 
(two superior and two inferior) within the capsule of the thyroid 
gland or in the gland itself. ♦ An abundant blood supply, essen- 
tial to the endoerine function, is provided to the thyroid gland 
by a four-way anastomosis between the right and left superior 
and inferior thyroid arteries, with the latter usually providing 
branehes to the parathyroid glands. ♦ Superior thyroid veins 
aeeompany the arteries of the same name, draining the area 
they supply. ♦ Llnaeeompanied middle and inferior thyroid veins 
drain the inferior part of the thyroid gland: The superior and 
middle thyroid veins drain to the IJV, whereas the usually singu- 
lar inferior thyroid vein enters the left braehioeephalie vein. 

♦ Vasomotor nerves course along the arteries, but the glands are 
regulated hormonally rather than by seeretomotor nerve fibers. 

♦ Lymphatie vessels pass direetly to the deep eervieal lymph 
nodes orvia nodes assoeiated with the larynx and traehea. 

Respìratory layer of eervìeal vìseera: The larynx is the 
superior end ofthe lower respiratory traet, modified to regu- 
late entry into or elose off the lower respiratory traet. ♦ The 
larynx also modifies the exit of air from the traet to produce 


tone for voealization. ♦ With the diaphragm, it regulates intra- 
abdominal pressure through air retention and the foree and 
suddenness by which air exits the traet (e.g., exhaling verses 
coughing or sneezing). ♦ The larynx eonsists of a cartilaginous 
articulating skeleton joined by ligaments, membranes, and 
muscles, lined with mucous membrane. ♦ All the laryngeal 
muscles except one (posterior erieo-arytenoid) partieipate in 
closure of the rima glottidis. ♦ Aetive opening of the rima is 
required only during deep inspiration. ♦ Otherwise, 
opening occurs passively by the tidal flow of air, with the 
other muscles eontrolling the amount and nature of resistanee 
provided at the rima glottidis to produce tone and eontrol 
its piteh. ♦ In addition to intrinsieally produced movements 
between its eomponents, extrinsic musculature (hyoid mus- 
eles) ean move the entire larynx for swallowing and to modify 
piteh further. ♦ The internal laryngeal nerve, a braneh of the 
superior laryngeal nerve, is the sensory nerve of the larynx. 

♦ The recurrent laryngeal nerve (via its terminal braneh, the 
inferior laryngeal nerve) is the motor nerve, which supplies 
all muscles of the larynx, with one exception. ♦ The external 
laryngeal nerve, a smaller braneh of the superior laryngeal 
nerve, supplies the erieothyroid muscle. ♦ The traehea is the 
median fibrocartilaginous tube extending between the erieoid 
eartilage at the C6 vertebral level and its bifurcation into main 
bronehi attheT4-T5 IV dise level (level ofsternal angle). 

Alìmentary layer of eervìeal vìseera: Although gener- 
ally eonsidered part of the alimentary traet, the pharynx is 
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shared with the respiratory system. ♦ The superior, non- 
eollapsible nasopharynx is exclusively respiratory, and the 
air and food pathways eross within the oropharynx and 
laryngopharynx. ♦ The eontraetile pharynx is unique within 
the alimentary traet in being constructed of voluntary muscle 
with the circular layer (pharyngeal eonstrietors) external to 
longitudinal muscle, the stylopharyngeus, palatopharyn- 
geus, and salpingopharyngeus. ♦ The flat posterior wall 
of the pharynx, abutting the musculoskeletal neek at the 
retropharyngeal spaee, is without openings; however, its 
anterior wall includes openings to the nose, mouth, and 
larynx. These openings determine the three segments of the 
pharynx. ♦ The soft palate serves as a flap valve regulating 
aeeess to or from the nasopharynx and oropharynx, whereas 
the larynx is the “valve” ultimately separating food and air 
before they enter the esophagus and traehea, respeetively. 

♦ The superiortwo openings ofthe pharynx, which eonneet 


to the external environment, are eneireled by a ring of lym- 
phoid (tonsillar) tissue. ♦ Gaps in the submucosal lateral 
wall, between attaehments of the pharyngeal eonstrietor 
muscles, permit the passage ofslip-like longitudinal muscles 
and neurovascular elements. ♦ Innervation ofthe pharynx is 
from the pharyngeal nerve plexus, with the vagus providing 
the motor fibers and the glossopharyngeal providing sensory 
fibers. ♦ At the level ofthe erieoid eartilage (C6 vertebral 
level), a relatively abrupt ehange is made to the muscular 
pattern more typieal ofthe alimentary traet. ♦ The erieopha- 
ryngeal part of the inferior pharyngeal eonstrietor, the most 
inferior part of the external circular layer, forms the superior 
esophageal sphineter. ♦ Immediately inferior, as the outer 
muscular layer beeomes longitudinal, the esophagus begins. 

♦ Also at approximately this point, sensory and motor inner- 
vation is transferred to the recurrent laryngeal nerves. ♦ The 
eervieal esophagus is eomposed of voluntary muscle. 


LYMPHATieS OF NECK 

Most superficial tissues in the neek are drained by lymphatie 
vessels that enter the superfìcial eervieal lymph nodes, 
which are loeated along the eonrse of the EJV. Lymph from 
these nodes, like lymph from all of the head and neek, drains 


into inferior deep eervieal lymph nodes (Figs. 8.48 and 
8.51). The speeifìe group of inferior deep eervieal nodes 
involved here deseends aeross the lateral eervieal region with 
the spinal aeeessory nerve (CN XI). 

Most lymph from the six to eight lymph nodes then drains 
into the supraclavicular group of nodes, which aeeompany 
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FIGIJRE 8.51. Lymphatie vessels in root of neek. A. This overview demonstrates the course ofthe thoraeie duct and site ofthe termination ofthe tho- 
raeie and right lymphatie ducts. B. This disseetion ofthe left side shows the deep eervieal lymph nodes and the termination ofthe thoraeie duct at the junc- 
tion of the subclavian and internal jugular veins (left venous angle). The eervieodorsal trunk is often ealled the transverse eervieal artery. 
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the eervieodorsal trunk. The main group of deep eervieal 
lymph nodes forms a ehain along the IJV, mostly under eover 
of the SCM. Other deep eervieal nodes inelnde the prelaryn- 
geal, pretraeheal, paratraeheal, and retropharyngeal nodes. 
Efferent lymphatie vessels from the deep eervieal nodes join 
to form the jugular lymphatie trunks, whieh usually join 
the thoraeie duet on the left side and enter the jnnetion of 
the internal jugular and snbelavian veins (right venous angle) 
direetly or via a short right lymphatie duct on the right. 

The thoraeie duct passes snperiorly throngh the snperior 
thoraeie apertnre along the left border of the esophagns. It 
arehes laterally in the root of the neek, posterior to the earotid 
sheath and anterior to the sympathetie trunk and vertebral 
and snbelavian arteries (Fig. 8.51B). The thoraeie duct enters 
the left braehioeephalie vein at the jnnetion of the snbelavian 
and IJVs {left venons angle). When the right jugular, subcla- 
vian, and bronehomediastinal lymphatie trunks unite to form 
a right lymphatie duet, it enters the right venous angle as the 
thoraeie duct does on the left (Fig. 8.51A). Often, however, 
these lymphatie trunks enter the venous system indepen- 
dently in the region of the right venous angle. 


LYMPHATieS IN NECK 


Radieal Neek Disseetions 







Radieal neek disseetions are performed when 
I eaneer invades the eervieal lymphaties. During 
the proeednre, the deep eervieal lymph nodes 
and tissnes around them are removed as eompletely as 
possible. The major arteries, braehial plexus, CN X, and 
phrenie nerve are preserved; however, most cutaneous 
branehes of the eervieal plexus are removed. The aim of 
the disseetion is to remove all tissue that bears lymph 
nodes in one pieee. The deep eervieal lymph nodes, par- 
tienlarly those loeated along the eervieodorsal trunk, may 
be involved in the spread of eaneer from the thorax and 
abdomen. Beeanse their enlargement may give the first 
clue to eaneer in these regions, they are often referred to 
as the eervieal sentinel lymph nodes. 


thePoÌnt;jj^t 


Board-revìew questìons, Geise studìes, and addìtìonal resources are avaìlable at thePoint.lww.com. 


OVERVIEW/ 1054 

OLFAGTORY NERVE (CN I) / 1054 

TABLE 9.1. Granial Nerves: Attaehment to 
Gentral Nervous System, General Functions, 
and Distribution / 1057 

TABLE 9.2. Summary of Granial Nerves / 1058 

TABLE 9.3. Granial Parasympathetie Ganglia: 
Loeation, Parasympathetie and Sympathetie 
Roots, and Main Distribution / 1060 

OPTie NERVE (CN II) / 1061 

OCULOMOTOR NERVE (CN III) / 1062 

TROeHLEAR NERVE (CN IV) / 1064 

TRIGEMINAL NERVE (CN V) / 1065 

Ophthalmie Nerve (CN V^) / 1065 

Maxillary Nerve (CN V^) / 1065 

Mandibular Nerve (CN V 3 ) / 1065 

TABLE 9.4. Summary of Divisions of 
Trigeminal Nerve (CN V) / 1067 

ABDUCENT NERVE (CN VI) / 1068 

FAeiAL NERVE (CN VII) / 1068 

Somatie (Branehial) Motor / 1068 

Viseeral (Parasympathetie) Motor / 1068 

Somatie (General) Sensory / 1068 

Speeial Sensory (Taste) / 1068 

VESTIBULOCOCHLEAR NERVE (CN VIII) / 1071 


GLOSSOPHARYNGEAL NERVE (CN IX) / 1072 

Somatie (Branehial) Motor / 1072 

Viseeral (Parasympathetie) Motor / 1072 

Somatie (General) Sensory /1072 

Speeial Sensory (Taste) /1072 

VAGUS NERVE (CN X) / 1073 

SPINAL ACCESSORY NERVE (CN XI) / 1075 

HYPOGLOSSAL NERVE (CN XII) / 1075 

TABLE 9.5. Summary of Vagus Nerve 
(CN X)/ 1076 

BLUE BOX: Cranial Nerves. Cranial Nerve 
lnjuries. Olfaetory Nerve. Anosmia-Loss of 
Smell; Olfaetory Hallucinations. Optie Nerve. 
Demyelinating Diseases and Optie Nerves; 
Optie Neuritis; Visual Field Defeets. Oculo- 
motor Nerve. Injury to Oculomotor Nerve; 
Compression of Oculomotor Nerve; Aneurysm 
of Posterior Gerebral or Superior Cerebellar 
Artery. Troehlear Nerve. Trigeminal Nerve. 
Injury to Trigeminal Nerve; Dental Anesthesia. 
Abducent Nerve. Faeial Nerve. Vestibuloco- 
ehlear Nerve. Injuries to Vestibulocochlear 
Nerve; Deafness; Acoustic Neuroma; Trauma 
and Vertigo. Glossopharyngeal Nerve. Lesions 
of Glossopharyngeal Nerve; Glossopharyngeal 
Neuralgia. Vagus Nerve. Spinal Aeeessory 
Nerve. Hypoglossal Nerve / 1078 

TABLE 9.6. Summary of Granial Nerve 
Lesions / 1079 







1054 


ehapter 9 • Summaryof Granial Nerves 


The regional aspeets of the eranial nerves are deseribed in the 
preeeding ehapters, espeeially those for the head and neek. 
This ehapter snmmarizes all of the eranial nerves, largely in fig- 
nres and tables. Fignres 9.1-9.3 and Tables 9.1 and 9.2 snmma- 
rize speeifie eranial nerves. Fignre 9.4 and Table 9.3 snmmarize 
the eranial parasympathetie ganglia, their loeation, sympathetie 
and parasympathetie roots, and main distribntion. 

OVERVIEW 

Like spinal nerves, eranial nerves are bnndles of sensory or 
motor fibers that innervate mnseles or glands, earry impnlses 
from sensory reeeptors, or have a eombination of motor and 
sensory fibers. They are ealled eranial nerves beeanse they 
emerge throngh foramina or fissnres in the eraninm and are 
eovered by tnbnlar sheaths derived from the eranial menin- 
ges. There are 12 pairs of eranial nerves, whieh are nnm- 
bered I-XII, from rostral to eandal (Figs. 9.1-9.3). Their 
names refieet their general distribntion or fnnetion. 

Granial nerves earry one or more of the following five 
main fnnetional eomponents (Fig. 9.3, Table 9.1). 

• Motor (efferent) fibers. 

1. Motor fihers to volnntary (striated) mnsele. These 
inelnde the somatie motor (general somatie efferent) 
axons. On the basis of the embryologie/phylogenetie 
derivation of eertain mnseles of the head and neek,^ 
some motor fibers eonveyed by eranial nerves to 
striated mnsele have traditionally been elassified as 
“speeial viseeral.” When appropriate, these fibers are 
designated somatie (branehial) motor, referring to the 
mnsele tissne derived from the pharyngeal arehes in 
the embryo (e.g., mnseles of mastieation). 

2. Motor fihers involved in innervating involnntary 
(smooth) mnseles or glands. These inelnde viseeral 
motor (general viseeral efferent) axons that eonstitnte 
the eranial outfiow of the parasympathetie division of 
the antonomie nervons system (ANS). The presynap- 
tie (preganglionie) fibers emerge from the brain and 
synapse ontside the eentral nervons system (CNS) in a 
parasympathetie ganglion. The postsynaptie (postgan- 
glionie) fibers eontinne to innervate smooth mnseles 
and glands (e.g., the sphineter pnpillae and laerimal 
gland). 

• Sensory (afferent) fibers. 

3. Fihers transmitting general sensation (e.g., toneh, 
pressnre, heat, eold, ete.) from the skin and mneons 
memhranes. These inelnde somatie sensory (general 
somatie afferent) fibers, mainly earried by CN V, bnt 
also by CN VII, CN IX, and CN X. 

4. Fihers eonveying sensation from the viseera. These 
inelnde viseeral sensory (general viseeral afferent) 

^Historieally, the stemoeleidomastoid and trapezins have been elassifìed as 
branehiomerie mnseles; stndents may see them elassifìed as sneh in other 
referenees. 


fibers eonveying information from the earotid body and 
sinns (see Fig. 8.17), pharynx, larynx, traehea, bronehi, 
Inngs, heart, and gastrointestinal traet. 

5. Fihers transmitting unique sensations. These inelnde 
speeial sensory fibers eonveying taste and smell (speeial 
viseeral afferent fibers) and those serving the speeial 
senses of vision, hearing, and balanee (speeial somatie 
afferent fibers). 

Some eranial nerves are pnrely sensory, others are eonsid- 
ered pnrely motor, and several are mixed. CN III, CN IV, 
CN VI, CN XI, CN XII, and the motor root of CN V are eon- 
sidered to be pnre motor nerves that appear to have evolved 
from primordial anterior roots. However, a small nnmber of 
sensory fibers for proprioeeption (nonvisnal pereeption of 
movement and position) are also present in these nerves, the 
eell bodies of whieh are probably loeated in the mesenee- 
phalie nnelens of CN V. The sensory root of CN V is pnrely a 
somatie (general) sensory nerve. Fonr eranial nerves (CN III, 
CN VII, CN IX, and CN X) eontain presynaptie parasympa- 
thetie (viseeral motor) axons as they emerge from the brain- 
stem. CN V, CN VII, CN IX, and CN X are mixed nerves 
with both somatie (branehial) motor and somatie (general) 
sensory eomponents, and eaeh nerve snpplies derivatives of 
a different pharyngeal areh. 

The fibers of eranial nerves eonneet eentrally to eranial 
nerve nnelei —gronps of nenrons in whieh sensory or affer- 
ent fibers terminate and from whieh motor or efferent fibers 
originate (Fig. 9.5, see p. 1061). Exeept for CN I and CN II, 
which involve extensions of the forebrain, the nnelei of the 
eranial nerves are loeated in the brainstem. Nnelei of similar 
fnnetional eomponents (e.g., somatie or viseeral motor, or 
somatie or viseeral sensory) are generally aligned into fnne- 
tional eolnmns in the brainstem. 

OLFAGTORY NERVE (CN I) 


Function; Speeial sensory (speeial viseeral afferent)—that 
is, the speeial sense of smell. “Olfaetion is the sensation of 
odors that resnlts from the deteetion of odorons snbstanees 
aerosolized in the environment” (Simpson, 2006). 

The eell bodies of olfaetory reeeptor nenrons are loeated 
in the olfaetory organ (the olfaetory part of the nasal 
mneosa or olfaetory area), which is loeated in the roof of the 
nasal eavity, and along the nasal septnm and medial wall of 
the snperior nasal eoneha (Fig. 9.6, see p. 1062). Olfaetory 
reeeptor nenrons are both reeeptors and eondnetors. The 
apieal snrfaees of the nenrons possess fine olfaetory eilia, 
bathed by a film of watery mnens seereted by the olfaetory 
glands of the epithelinm. The olfaetory eilia are stimnlated 
by moleenles of an odiferons gas dissolved in the finid. 

The basal snrfaees of the bipolar olfaetory reeeptor nenrons 
of the nasal eavity of one side give rise to eentral proeesses that 
are eolleeted into approximately 20 olfaetory nerves (L.fila 
olfaetoria), eonstitnting the right or left olfaetory nerve (CNI). 
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Oculomotor—CN III 


Motor: eiliary muscles, sphineter pupillae, 
all extrinsic muscles of eye except those 
listed for CN IV and VI 


Troehlear—CN IV 


Motor: superior 
oblique muscle 


Olfaetory 


Sensory: smell 


Trigeminal 
Motor root 


Motor: muscles of 
mastieation + 4 
other muscles 
(See Table 9.2) 



CN VII 


CN VII 




Faeial—CN VII 
Primary root 


Motor: muscles of 
faeial expression 
+ 3 other muscles 
(See Table 9.2) 


0 



Faeial—CN VII 
Intermediate nerve 


Motor: submandibular, sublingual, 
laerimal, nasal and palatine glands 
Sensory: taste from anterior 
two thirds of tongue, soft palate 



Vestibulocochlear—CN VIII 


Vestibular nerve, sensory: 
equilibrium, motion 
eoehlear nerve, sensory: 

hearing 


A 



Hypoglossal—CN XII 


Motor: all intrinsie and 
extrinsic muscles of tongue 
(excluding palatoglossus— 


a palatine muscle) 


Spinal aeeessory 
CNXI 


Motor: sternoeleido- 
mastoid and trapezius 


Vagus—CN X 1 


Glossopharyngeal—CN IX | 

Motor: palate, pharynx, larynx, 
traehea, bronehial tree, heart, 

GI traet to left eolie flexure 
Sensory: pharynx, larynx; 
reflex sensory from traehio- 
bronehial tree, lungs, heart, 

GI traet to left eolie flexure 

V J 


Motor: stylopharyngeus, 
parotid gland 

Sensory: taste from posterior 
third of tongue; general 
sensation: pharynx, tonsillar 
sinus, pharyngotympanie tube, 
middle ear eavity 

^ J 


FIGITRE 9.1. Summary of eranìal nerves. 
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Grista galli 


Olfaetory nerves (CN I) 

passing through eribifornn 
plate 

Anterior eranial fossa 
Hypophysis 


Optie nerve (CN 11) 

Internal earotid artery 
and sympathetie plexus 

Ophthalmie nerve (CN Vi) 
Maxillary nerve (CN V^) 

Oculomotor nerve (CN III) 
Troehlear nerve (CN IV) 


Mandibular nerve (CN V 3 ) 
Trigeminal ganglion 

Middle meningeal artery 
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Sphenoparietal sinus 

Oculomotor nerve (CN III) 

(refleeted anteriorly) 

Anterior elinoid proeess 

Troehlear nerve (CN IV) 
Cavernous sinus 
Abducent nerve (CN VI) 

Superior petrosal sinus 

Abducent nerve (CN VI) 
Intermediate nerve (CN VII) 
Hypoglossal nerve (CN XII) 

Sigmoid sinus 
Spinal eord 

Oeeipital sinus 


Superior view 

FIGITRE 9.2. Granìal nerves in relation to internal aspeet of eranial base. The tentorium eerebelli has been removed and the venous sinuses have been 
opened on the right side. The dural roof ofthe trigeminal eave has been removed on the left side and CN CN llf and CN IV have been disseeted from the 
lateral vvall of the cavernous sinus. 


They pass through tiny foramina in the erihriform plate of the 
ethmoid hone, surrounded by sleeves of dura mater and araeh- 
noid mater, and enter the olfaetory bulb in the anterior eranial 
fossa (Figs. 9.2 and 9.3). The olfaetory bulb lies in eontaet 
with the inferior or orbital snrfaee of the frontal lobe of the 
eerebral hemisphere. The olfaetory nerve fìbers synapse with 
mitral eells in the olfaetory bulb. The axons of these seeond- 
ary nenrons form the olfaetory traet. The olfaetory bulbs and 
traets are anterior extensions of the forebrain. 

Eaeh olfaetory traet divides into lateral and medial olfae- 
tory striae (distinet fìber bands). The lateral olfaetory stria 
terminates in the piriform cortex of the anterior part of the 
temporal lobe, and the medial olfaetory stria projeets throngh 
the anterior eommissnre to eontralateral olfaetory structures. 
The olfaetory nerves are the only eranial nerves to enter the 
eerebrnm direetly. 


The Bottom Lìne 


OLFAGTORY NERVE 

♦ The olfaetory nerves (CN I) have sensory fibers 
eoneerned with the speeial sense of smell. ♦ The olfaetory 
reeeptor neurons are in the olfaetory epithelium (olfae- 
tory mucosa) in the roof of the nasal eavity. ♦ The een- 
tral proeesses of the olfaetory reeeptor neurons aseend 
through foramina in the eribriform plate of the ethmoid 
bone to reaeh the olfaetory bulbs in the anterior eranial 
fossa. These nerves synapse on neurons in the bulbs, 
and the proeesses of these neurons follow the olfaetory 
traets to the primary and assoeiated areas of the eerebral 
cortex. 


(text eontinned on p. 1061) 



















































Olfaetory bulb 


Longitudinal eerebral fissure 


Temporal pole 


Lateral sulcus (fissure) 


Infundibulum 


Pons 


Middle eerebellar peduncle 


Junction of pons 
and medulla 


Ghoroid plexus of 4th ventriele 

Lateral reeess of 4th ventriele 
(opening of lateral aperture) 


Hypoglossal nerve (CN Xn) 




Medulla 



- ^ 

i 
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Anterior rootlets of spinal nerve C1 


Inferior (ventral) view 


Olfaetory nerves (fila) 
eolleetively eomprising 

olfaetory nerve (CN I) 


Olfaetory traet 

Optie nerve (CN 11) 



Optie ehiasm 

Optie traet _ 

Oculomotor nerve (CN III) 

Troehlear nerve (CN IV) 


Sensory root 
Motor root 


Trigeminal nerve (CN V) 


Abducent nerve (CN VI) 

Faeial nerve (CN VII) 

Intermediate nerve 


Vestibulocochlear nerve (CN VIII) 
Glossopharyngeal nerve (CN IX) 

Vagus nerve (CN X)® 

Cerebellum 

Spinal aeeessory nerve (CN XI) 

Spinal eord 


FIGITRE 9.3. Superficial origins of eranial nerves from brain and spinal eord (except for CN IV, vvhieh arises from the posterior aspeet ofthe midbrain). 
^he traditional “eranial root ofthe aeeessory nerve” is eonsidered here as part ofthe vagus nerve. ^The spinal aeeessory nerve as listed here refers to only the 
traditional “spinal root of the aeeessory nerve.” 


TABLE 9.1. GRANIAL NERVES: ATTAGHMENTTO GENTRAL NERVOUS SYSTEM, GENERAL FUNCTIONS, AND DISTRIBUTION 


Granial Nerve 

Partof Gentral Nervous System 
from Which Nerve(s) Enter(s) or 
Emerge(s) 

General Functional 

Types of Fibers^ 

General Distribution 

Number 

Name 

1 

Olfaetory 

Forebrain 

(proseneephalon) 

Gerebral 

hemispheres 

(teleneephalon) 

Speeial sensory 

Olfaetory mucosa of nose 

II 

Optie 

Dieneephalon 

Retina of eye 

III 

Oculomotor 

Midbrain (meseneephalon) 

Motor^ 

lntra-ocular and four 
extra-ocular muscles 

IV 

Troehlear 

Midbrain 

One extra-ocular muscle 
(superior oblique) 

V 

Trigeminal 

Brainstem 

Pons 

(meteneephalon) 

Mixed 

Motor root 

Derivatives of frontonasal proeess 
and Ist pharyngeal areh 

Sensory root 

VI 

Abducent (abducens) 

J unction betvveen 
pons and medulla 

Motor^ 

One extra-ocular muscle 

VII 

Faeial 

Mixed 

Primary root 

Derivatives of 2nd pharyngeal 
areh 

Intermediate nerve 

VIII 

Vestibulocochlear 

Speeial sensory^ 

Internal ear 

IX 

Glossopharyngeal 

Medulla 

(myeleneephalon) 

Mixed 

Derivatives of 3rd pharyngeal areh 

X 

Vagus 

Derivatives of 4th pharyngeal areh 

XI 

Spinal aeeessory 

Superior spinal eord 

Motor^ 

Superficial layerof neek 

XII 

Hypoglossal 

Brainstem 

Medulla 

(myeleneephalon) 

Motor^ 

Muscles of tongue 


iNote thatthe eolors in this column mateh those ofthe nerves in Figure 9.3. 

^The presenee and function of proprioeeptive afferentfibers to the extra-ocular muscles is eontroversial. 

^Granial nerve XI is purely motoras itleaves the CNS, butgains pain and proprioeeptive fibers from the eervieal plexus in the lateral eervieal region (posteriortriangle) ofthe neek. 
^eranial nerve XII is purely motor as it leaves the CNS; pathvvays for proprioeeption assoeiated vvith the tongue are unknovvn and may involve the lingual and 
glossopharyngeal nerves, and eervieal spinal nerves thatcommunicate vvith CN XII. 

^The eoehlear part of C N VIII, traditionally eonsidered "purely sensory," actually eonveys some efferent fibers that appear to modulate sensory sensitivity. 
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TABLE 9.2. SUMMARY OF GRANIAL NERVES 


Nerve 

eomponents 

Loeation of Nerve Cell Bodies 

eranial Exit 

Main Aetion(s) 

Olfaetory (CN I) 

Speeial sensory 

Olfaetory epithelium (olfaetory 
eells) 

Foramina in 
eribriform plate of 
ethmoid bone 

Smell from nasal mucosa of 
roof of eaeh nasal eavity and 
superior sides of nasal sep- 
tum and superior eoneha 

Optie (CN II) 

Speeial sensory 

Retina (ganglion eells) 

Optie eanal 

Vision from retina 

Oculomotor (CN III) 

Somatie motor 

Midbrain 

Superior orbital 
fissure 

Motorto superior, inferior, 
and medial reeti, inferior 
oblique, and levator palpebrae 
superioris muscles thatraise 
superior eyelids and direet 
gaze superiorly, inferiorly, and 
medially 

Viseeral motor 

Presynaptie: midbrain 
Postsynaptie: eiliary ganglion 

Parasympathetie innervation 
to sphineter pupillae and eiliary 
muscles that eonstriet pupil 
and aeeommodate-lens of eye 

Troehlear (CN IV) 

Somatie motor 

Midbrain 

Motorto superior oblique 
thatassists in direeting gaze 
inferolaterally (or inferiorly 
from the adducted position) 

Trigeminal (CN V) 

Ophthalmie (CN Vi) 

Maxillary (CN V^) 

Mandibular (CN V3) 

Somatie (general) 
sensory 

Trigeminal ganglion 

Superior orbital 
fissure 

Sensation from eornea, skin 
of forehead, sealp, eyelids, 
nose, and mucosa of nasal 
eavity and paranasal sinuses 

Foramen rotundum 

Sensation from skin of faee 
overmaxilla, including upper 
lip, maxillary teeth, mucosa of 
nose, maxillary sinuses, and 
palate 

Foramen ovale 

Sensation from skin of faee 
overlying mandible including 
lovverlip, mandibularteeth, 
temporomandibular joint, 
mucosa of mouth and anterior 
tvvo thirds of tongue 

Somatie (branehial) 
motor 

Pons 

Motorto muscles of mastiea- 
tion, mylohyoid, anterior belly 
of digastrie, tensor veli pala- 
tini, and tensortympani 

Abducent (CN VI) 

(L. abducens) 

Somatie motor 

Pons 

Superior orbital 
fissure 

Motorto lateral rectus that 
direets gaze laterally 

Faeial (CN VII) 

Somatie (branehial) 
motor 

Pons 

Internal acoustic 
meatus; faeial eanal; 
stylomastoid foramen 

Motorto muscles offaeial 
expression and sealp; also 
supplies stapedius of middle 
ear, stylohyoid, and posterior 
belly of digastrie 

Speeial sensory 

Geniculate ganglion 

Taste from anteriortvvo thirds 
of tongue and palate 

Viseeral motor 

Presynaptie: pons 

Postsynaptie: pterygopalatine 
ganglion; submanclibular 
ganglion 

Parasympathetie innervation 
of submandibular and sublin- 
gual salivary glands, laerimal 
gland, and glands of nose and 
palate 
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TABLE 9.2. SUMMARY OF GRANIAL NERVES (Contìnued) 


Nerve 

eomponents 

Loeation of Nerve Cell Bodies 

eranial Exit 

Main Aetion(s) 

Vestibulocochlear 
(CN VIII) 

Vestibular 

Speeial sensory 

Vestibular ganglion 

Internal acoustic 
meatus 

Vestibular sensation from 
semicircular ducts, utricle, and 
saccule related to position 
and movements of head 

Goehlear 


Spiral ganglion 


Hearing from spiral organ 

Glossopharyngeal 
(C N IX) 

Somatie (branehial) 
motor 

Medulla 


Motorto stylopharyngeus that 
assists with swallowing 


Viseeral motor 

Presynaptie: medulla 
Postsynaptie: otie ganglion 


Parasympathetie innervation 
to parotid gland 


Viseeral sensory 

Superior ganglion 


Viseeral sensation from 
parotid gland, earotid body and 
sinus, pharynx, and middle ear 


Speeial sensory 

Inferior ganglion 


Taste from posteriorthird of 
tongue 


Somatie (general) 
sensory 


Cutaneous sensation from 
external ear 

Vagus (CNX) 

Somatie (branehial) 
motor 

Medulla 

J ugular foramen 

Motorto muscles of pharynx 
(except stylopharyngeus), 
intrinsie muscles of larynx, 
muscles of palate (exceptten- 
sor veli palatini), and 
striated muscle in superior 
two thirds of esophagus 


Viseeral motor 

Presynaptie: medulla 
Postsynaptie: neurons in, on, or 
near viseera 

Parasympathetie innervation 
to smooth muscle and glands 
of traehea, bronehi, digestive 
traet, eoronary arteries, and 
nodes of conduction system 
of heart 


Viseeral sensory 

Inferior ganglion 


Viseeral sensation from base 
of tongue, pharynx, larynx, 
traehea, bronehi, heart, 
esophagus, stomaeh, and 
intestine to lefteolie flexure 


Speeial sensory 

Inferior ganglion 


Taste from epiglottis and palate 


Somatie (general) 
sensory 

Superior ganglion 


Sensation from auricle, 
external acoustic meatus, 
and dura mater of posterior 
eranial fossa 

Spinal aeeessory 
(CNXI) 

Somatie motor 

Spinal eord 


Motorto sternoeleidomastoid 
and trapezius 

Hypoglossal (CN XII) 

Somatie motor 

Medulla 

Hypoglossal eanal 

Motorto intrinsie and extrinsic 
muscles of tongue (except 
palatoglossus) 



































Giliary ganglion 


CN V 



Superior eervieal 
(sympathetie) ganglion 


Pterygopalatine 

ganglion 


Submandibular 

ganglion 


Otie ganglion 


Nerve fibers 


Gommon earotid 


Somatie sensory 
Parasympathetic\Visceral 
Sympathetie 



motor 


FIGIJRE 9.4. Summary of eranìal parasympathetie ganglìa. 


TABLE 9.3. GRANIAL PARASYMPATHETIG GANGLIA: LOGATION, PARASYMPATHETIG AND SYMPATHETIG ROOTS, 
AND MAIN DISTRIBUTION 


Ganglion 

Loeation 

Parasympathetie Root 

Sympathetie Root 

Main Distribution 

Giliary 

Betvveen optie nerve 
and lateral rectus, elose 
to apex of orbit 

Inferior braneh of 
oculomotor nerve 
(CN III) 

Branehes from internal 
earotid plexus in cavernous 
sinus 

Parasympathetie postsynaptie 
fibers from eiliary ganglion pass 
to eiliary muscle and sphineter 
pupillae of iris; sympathetie post- 
synaptie fibers from superior 
eervieal ganglion pass to dilator 
pupillae and blood vessels of eye 

Pterygopalatine 

In pterygopalatine 
fossa, vvhere it is sus- 
pended by ganglionie 
branehes of maxillary 
nerve (sensory roots 
of pterygopalatine 
ganglion); just anterior 
to opening of pterygoid 
eanal and inferiorto 

CN V 2 

Greater petrosal nerve 
from faeial nerve 
(CN VII) via nerve of 
pterygoid eanal 

Deep petrosal nerve, a 
braneh of internal earotid 
plexus that is a continua- 
tion of postsynaptie fibers 
of eervieal sympathetie 
trunk; fibers from superior 
eervieal ganglion pass 
through pterygopalatine 
ganglion and enter 
branehes of CN V 2 

Parasympathetie postganglionie 
(seeretomotor) fibers from ptery- 
gopalatine ganglion innervate lae- 
rimal gland via zygomatie braneh 
of CN V 2 ; sympathetie postsynap- 
tie fibers from superior eervieal 
ganglion aeeompany branehes 
of pterygopalatine nerve that 
are distributed to blood vessels 
of nasal eavity, palate, and 
superior parts of pharynx 

Otie 

Betvveen tensor 
veli palatini and man- 
dibular nerve 
(CN V3); lies inferiorto 
foramen ovale of sphe- 
noid bone 

Tympanie nerve from 
glossopharyngeal nerve 
(CN IX); continues from 
tympanie plexus as lesser 
petrosal nerve 

Fibers from superior eervi- 
eal ganglion eome from 
plexus on middle menin- 
geal artery 

Parasympathetie postsynaptie 
fibers from otie ganglion are 
distributed to parotid gland via 
auriculotemporal nerve (braneh of 
CN V3); sympathetie postsynaptie 
fibers from superior eervieal 
ganglion pass to parotid gland 
and supply its blood vessels 

Submandibular 

Suspended from lingual 
nerve by tvvo ganglionie 
branehes (sensory 
roots); lies on surface 
of hyoglossus muscle 
inferiorto submandibu- 
larduct 

Parasympathetie 
fibers join faeial nerve 
(CN VII) and leave it 
in its ehorda tympani 
braneh, vvhieh unites vvith 
lingual nerve 

Sympathetie fibers from 
superiorcervical ganglion 
via plexus on faeial artery 
ehorda tympani 

Parasympathetie postsynaptie 
(seeretomotor) fibers from 
submandibularganglion are 
distributed to sublingual and sub- 
mandibular glands; sympathetie 
fibers from superiorcervical 
ganglion supply sublingual and 
submandibular glands 
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Aeeessory (Edinger-VVestphal) 
nucleus of oeolomotor nerve (CN III) 


Nucleus of oculomotor nerve (CN III) 


Nucleus of troehlear nerve (CN IV) 


Motor nucleus of trigeminal nerve (CN V) 


Nucleus of abducent nerve (CN VI) 


Motor nucleus of faeial nerve (CN VII) 


Superior salivatory nucleus (CN VII) 


Sulcus limitans (on floor of fourth ventriele) 


Inferior salivatory nucleus (CN IX) 


Nucleus ambiguus (CNs IX, X) 


Posterior (motor) nucleus of vagus nerve (CN X) 


Nucleus of hypoglossal nerve (CN XII) 


Nucleus of aeeessory nerve (CN XI) 


Motor nucleì: 



Superior colliculus (midbrain) 


Meseneephalie nucleus of trigeminal nerve (CN V) 


Prineipal sensory nucleus of trigeminal nerve (CN V) 


Middle eerebellar peduncle 


Vestibular nuclei (CN VIII) 


eoehlear nuclei (CN VIII) 


•N 


Rostral (gustatory) 
nucleus 


Caudal (viseeral or 

eardiorespiratory) 

nucleus 


Nuclei of solitary 
traet (CNs VII, IX, 
and X) 


J 


Spinal nucleus of trigeminal nerve (CN V) 
Fasciculus graeilis of medulla oblongata 


Sensory nuclei 


Somatie motor 
Branehial motor 
Viseeral motor 
(parasympathetie) 


Posterior (dorsai) view 


E 




i Viseeral sensory 
Speeial sensory 
General sensory 


FIGITRE 9.5. Graniai nerve nuciei. 


OPTie NERVE (CNII) 


Function; Speeial sensory (speeial somatie afferent)—that 
is, the speeial sense of vision. 

Althongh offieially nerves by eonvention, the optie 
nerves (CN II) develop in a eompletely different man- 
ner from the other eranial nerves. The strnetnres involved 
in reeeiving and transmitting optieal stimnli (the optieal 
fìbers and nenral retina, together with the pigmented epi- 
thelinm of the eyeball) develop as evaginations of the dien- 
eephalon. The optie nerves are paired, anterior extensions 
of the forebrain (dieneephalon) and are therefore aetnally 
CNS fìber traets formed by axons of retinal ganglion 
eells (Moore et al., 2012). In other words, they are third- 
order nenrons, with their eell bodies loeated in the retina 

(Fig. 9.7B). 

The optie nerves are snrronnded by extensions of the 
eranial meninges and snbaraehnoid spaee, which is fìlled 
with eerebrospinal fìnid (CSF). The meninges extend all the 
way to the eyeball. The eentral artery and vein of the retina 
traverse the meningeal layers and eonrse in the anterior 


part of the optie nerve. Cranial nerve II begins where the 
nnmyelinated axons of retinal ganglion eells pieree the selera 
(the opaque part of the external fìbrons eoat of the eyeball) 
and beeome myelinated, deep to the o'pììe dise. 

The nerve passes posteromedially in the orbit, exiting 
throngh the optie eanal to enter the middle eranial fossa, 
where it forms the optie ehiasm (Fig. 9.7A). Here, fìbers 
from the nasal (medial) half of eaeh retina deenssate in the 
ehiasm and join nnerossed fìbers from the temporal (lateral) 
half of the retina to form the optie traet. 

The partial erossing of optie nerve fìbers in the ehiasm is 
a requirement for binoenlar vision, allowing depth-of-fìeld 
pereeption (three-dimensional vision). Thns fìbers from the 
right halves of both retinas form the right optie traet. The 
deenssation of nerve fìbers in the ehiasm resnlts in the right 
optie traet eonveying impnlses from the left visnal fìeld and 
viee versa. The visual field is what is seen by a person who has 
both eyes wide open and who is looking straight ahead. Most 
fìbers in the optie traets terminate in the lateral geniculate 
bodies of the thalamns. From these nnelei, axons are relayed 
to the visnal eortiees of the oeeipital lobes of the brain. 










































1062 


ehapter 9 • Summaryof Granial Nerves 


Frontal sinus 


Olfaetory nerves 
(eolleetively CN I) 


Olfaetory mucosa 


Sphenoidal sinus 


Plane of seetion 



Olfaetory 

.-"-N 

Bulb Traet 







Olfaetory bulb, 
site of ternnination 
of olfaetory nerves 
eolleetively making 

up olfaetory 
nerve (CN I) 


Olfaetory traet 
Lateral 

olfaetory stria 


(A) Medial view of lateral wall of nasal eavity 


Nerve fibers 


Efferent 


Olfaetory bulb 


ehbriform plate of 
ethmoid bone 


Afferent 


Olfaetory epithelium ^ 


Medial olfaetory stria 

Lateral olfaetory stria 

Olfaetory traet 

Subarachnoid spaee 

Olfaetory bulb 

Foramina 

ehbriform plate 
of ethmoid bone 


Olfaetory mucosa 



Mitral eells 



Primary 



sensory axon 


Oentral proeesses of olfaetory 
reeeptor neurons = olfaetory nerves 
(eolleetively, olfaetory nerve CN I) 



(B) Medial view of sagittal seetion through 
eribriform plate of ethmoid bone 


Olfaetory reeeptor neurons 
(neurosensory eells) 


Olfaetory eilia 


FIGITRE 9.6. Olfaetory system. A. This sagittal seetion through the nasal eavity shov\/s the relationship of the olfaetory mucosa to the olfaetory bulb. 
B. The bodies ofthe olfaetory reeeptor neurons are in the olfaetory epithelium. These bundles of axons are eolleetively ealled the olfaetory nerve (CN I). 


The Bottom Lìne 


OPTie NERVE 

♦ The optie nerves (CN II) have sensory fibers eoneerned 
with the speeial sense of vision. ♦ The optie nerve fibers 
arise from ganglion eells in the retina. ♦ The nerve fibers 
exit the orbit via the optie eanals; fibers from the nasal half 
of the retina eross to the eontralateral side at the optie ehi- 
asm. ♦ The nerve fibers then pass via the optie traets to the 
geniculate bodies of the thalamus, where they synapse on 
neurons whose proeesses form the optie radiations to the 
primary visual cortex ofthe oeeipital lobe. 


OCULOMOTOR NERVE (CNIII) 

Functions: Somatie motor (general somatie efferent) 
and viseeral motor (general viseeral efferent-parasympa- 
thetie). 

Nnelei; There are two oenlomotor nnelei, eaeh serving 
one of the fnnetional eomponents of the nerve. The somatie 

motor nnelens of the oenlomotor nerve is in the midbrain 
(Fig. 9.5). The viseeral motor (parasympathetie) aeeessory 
(Edinger-Westphal) nnelens of the oenlomotor nerve 

lies dorsal to the rostral two thirds of the somatie motor 
nnelens (Haines, 2006). 
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Temporal (T) 


Nasal (N) 


Temporal (T) 


Retina 


Midbrain 



Optie nerve (CN 11) 


Optie ehiasm 


Right optie traet 


Lateral geniculate body 
(dieneephalon) 


Visual eortiees of oeeipital lobes 


(B) 

FIGIJRE 9.7. Visual system. A. The origin, course, and distribution ofthe visual pathvvay are shovvn. The axons of retinal ganglionie neurons eonvey visual 
information to the lateral geniculate body ofthe dieneephalon (thalamus) through the optie nerve (CN II) and optie traet. Fibers from the lateral geniculate 
body projeet to the visual eortiees of the oeeipital lobes. The axons of the ganglion eells of the nasal halves of the retinas eross in the optie ehiasm; those 
from the temporal halves do not eross. B. The visual pathvvay begins vvith photoreeeptor eells (rods and eones) in the retina. The responses of the photo- 
reeeptors are transmitted by bipolar eells (neurons with two proeesses) to ganglion eells in the ganglion eell layer of the retina. The eentral proeesses of this 
third-order neuron are the fibers conducted by the optie nerves. 
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Oculomotor 
nerve (CN III) 

Troehlear 
nerve (CN IV) 

Abducent 
nerve (CN VI) 


Troehlea 


Levator palpebrae superioris 


Superior oblique 


Superior rectus 


Medial rectus 


Inferior (ventral) view 


Optie nerve (CN II) 


Superior division CN III 


Inferior division CN III 


Superior orbital fissure 


Troehlear nerve (CN IV) 


Oculomotor nerve (CN III) 


Abducent nerve (CN VI) 


Inferior orbital fissure 


Nerves of the orbit: 


Oculomotor nerve (CN III) 


] Troehlear nerve (CN IV) 
] Abducent nerve (CN VI) 



eiliary ganglion 
Short eiliary nerves 

FIGITRE 9.8. Distribution of oculomotor (CN III), troehlear (CN IV), and abducent (CN VI) nerves. CN IV supplies the superior oblique, CN VI supplies 
the lateral rectus, and CN III supplies five striated extra-ocular muscles (levator palpebrae superioris, superior rectus, medial rectus, inferior rectus, and infe- 
rior oblique) and tvvo intra-ocular muscles (eiliary muscle and sphineter pupillae muscle—not shovvn; see Chapter 7, p. 896). 


The oculomotor nerve (CN III) provides the follovving 

(Fig. 9.8): 

• Motor to the striated mnsele of fonr of the six extra-ocular 
muscles {snperior, medìal, and inferior reeti and inferior 
ohlique) and snperior eyelid (L. levator palpehrae snperi- 
oris); henee the nerves name. 

• Parasympathetie throngh the eiliary gangHon to the smooth 
mnsele of the sphineter pnpillae, which eanses eonstrietion of 
the pupil and eiliary mnsele, which prodnees aeeommodation 
(allowing the lens to beeome more ronnded) for near vision. 

CNIII is the ehief motor nerve to the oenlar and extra-ocular 
maseles. It emerges from the midbrain, pierees the dura mater 
lateral to the sellar diaphragm roofing over the hypophysis, and 
then mns throngh the roof and lateral wall of the eavermms sinus. 
CN III leaves the eranial eavity and enters the orbit throngh the 
superior orhitalfissure. Within this fissnre, CN III divides into a 
superior division (which snpplies the snperior reetns and leva- 
tor palpebrae snperioris) and an inferior division (which sup- 
plies the inferior and medial reetns and inferior oblique). The 
inferior division also earries presynaptie parasympathetie (vis- 
eeral efferent) fibers to the eiliary ganglion, where they synapse 
(Fig. 9.4; Table 9.3). Postsynaptie fibers from this ganglion pass 
to the eyeball in the short eiliary nerves to innervate the eiliary 
body and sphineter pnpillae (see Chapter 7, p. 896). 


The Bottom Lìne 


OCULOMOTOR NERVE 

♦ The oculomotor nerves (CN III) send somatie motor 
fibers to all extra-ocular muscles, except the superior 
oblique and lateral rectus. ♦ These nerves also send pre- 
synaptie parasympathetie fibers to the eiliary ganglion 
for innervation of the eiliary body and sphineter pupillae. 

♦ These nerves originate from the brainstem, emerging 
medial to the eerebral peduncles, and run in the lateral 
wall ofthe cavernous sinus. ♦ These nerves enterthe 
orbit through the superior orbital fissures and divide into 
superior and inferior branehes. 


TROGHLEAR NERVE (CNIV) 

Functions; Somatie motor (general somatie efferent) to one 
extra-ocular muscle (superior oblique). 

Nucleus; The nucleus of the troehlear nerve is loeated 
in the midbrain, immediately eandal to the oenlomotor 

nucleus (Fig. 9.5). 
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The troehlear nerve (CNIV) is the smallest eranial nerve. 
It emerges from the posterior (dorsal) snrfaee of the midbrain 
(the only eranial nerve to do so), passing anteriorly aronnd 
the brainstem. It has the longest ìntraeranìal (snharaehnoid) 
eonrse of the eranial nerves. The troehlear nerve pierees the 
dnra mater at the margin of the tentorinm eerebelli, and 
passes anteriorly in the lateral wall of the eavernons sinns 
(Fig. 9.8). CN IV then eontinnes throngh the snperior orbital 
fìssnre into the orbit, where it snpplies the snperior oblique— 
the only extra-oeular mnsele that nses a pnlley, or troehlea, to 
redireet its line of aetion (henee the nerve’s name). 

The Bottom Lìne 


TROGHLEAR NERVE 

♦ The troehlear nerves (CN IV) supply somatie motor 
fibers to the superior oblique muscles, which abcluct, 
depress, and medially rotate the pupil. ♦ The troehlear 
nerves emerge from the posterior aspeet of the brainstem. 

♦ The nerves run a long intraeranial course, passing 
around the brainstem to enter the dura mater in the free 
edge of the tentorium eerebelli elose to the posterior 
elinoid proeess. ♦ The nerves then run in the lateral wall 
of the cavernous sinus, entering the orbit via the superior 
orbital fissures. 

TRIGEMINAL NERVE (CN V) 

Functions; Somatie (general) sensory and somatie (bran- 
ehial) motor to derivatives of the Ist pharyngeal areh. 

Nnelei; There are fonr trigeminal nnelei (Fig. 9.5)—one 
motor (motor nnelens of trigeminal nerve), and three 
sensory (meseneephalie, prineipal sensory and spinal 
nnelei of trigeminal nerve). 

The trigeminal nerve (CN V) is the largest eranial nerve 
(if the atypieal optie nerve is excluded). It emerges from the 
lateral aspeet of the pons by a large sensory root and a small 
motor root (Fig. 9.3). The roots of CN V are eomparable to 
the posterior and anterior roots of spinal nerves. CN V is the 
prineipal somatie (general) sensory nerve for the head (faee, 
teeth, month, nasal eavity, and dnra mater of the eranial eav- 
ity). The large sensory root of CN V is eomposed mainly 
of the eentral proeesses of the psendonnipolar nenrons that 
make up the sensory trigeminal ganglion (Fig. 9.9). The 
ganglion is fìattened and ereseent shaped (henee its nnoffì- 
eial name, semilnnar ganglion), and is honsed within a dnral 
reeess (trigeminal eave) lateral to the eavernons sinns. 

The peripheral proeesses of the ganglionie nenrons form 
three nerves or divisions: ophthalmie nerve (CN Vi), maxil- 
lary nerve (CN V^), and sensory eomponent of the mandihn- 
lar nerve (CN V^). Maps of the zones of entaneons innervation 
by the three divisions resemble the dermatome maps for 


entaneons innervation by spinal nerves (Fig. 9.9A). Unlike 
spinal nerve dermatomes, however, there is little overlap in 
innervation by the divisions; lesions of a single nerve resnlt in 
elearly demareated areas of nnmbness. 

The fìbers of the motor root of CN V pass inferior to 
the trigeminal ganglion along the fìoor of the trigeminal eave, 
bypassing the ganglion (jnst as the anterior roots of spinal 
nerves bypass the spinal sensory ganglia). They are distribnted 
exclusively via the mandibnlar nerve (CN V3), blending with the 
sensory fìbers as the nerve traverses the foramen ovale in the 
eraninm. Branehes pass to the mnseles of mastieation, mylohy- 
oid, anterior belly of the digastrie, tensor veli palatini, and ten- 
sor tympani, which are derived from the Ist pharyngeal areh. 

Althongh CN V eonveys no presynaptie parasympathetie 
fìbers from the CNS, all fonr parasympathetie ganglia are 
assoeiated with the divisions of CN V. Postsynaptie parasym- 
pathetie fìbers from the ganglia join branehes of CN V and 
are earried to their destinations along with the CN V sensory 
and motor fìbers (Fig. 9.9; Table 9.3). 

Ophthalmìe Nerve (CN Vi) 

In eontrast to the other two CN V divisions, CN Vi is not 
a branehial nerve (i.e., it does not snpply pharyngeal areh 
derivatives). It serves strnetnres derived from the paraxial 
mesoderm of the embryonie frontonasal proeess. The oph- 
thalmie nerve’s assoeiation with the other CN V divisions is a 
seeondary oeenrrenee. The somatie (general) sensory fìbers 
of CN Vi are distribnted to skin and mneons membranes and 
eonjnnetiva of the front of the head and nose (Fig. 9.9). 

Testing CN Vv The integrity of this division is tested by 
eheeking the eorneal refìex—tonehing the eornea, which is 
also snpplied by CN Vi, with a wisp of eotton will evoke a 
refìexive blink if the nerve is fnnetional (Table 9.4). 

Maxillary Nerve (CN V^) 

CN V 2 innervates derivatives of the maxillary prominenee of 
the Ist pharyngeal areh. Exiting the eranial eavity via the fora- 
men rotnndnm, its somatie (general) sensory fìbers are gener- 
ally distribnted to skin and mneons membranes assoeiated with 
the npper jaw. The pterygopalatine (parasympathetie) ganglion 
is assoeiated with this division of CN V, involved in innervating 
the laerimal gland and glands of the nose and palate. 

Mandibular Nerve (CN V3) 

CN V 3 innervates derivatives of the mandibnlar prominenee 
of the Ist pharyngeal areh. CN V 3 is the only division of CN V 
to eonvey somatie (branehial) motor fìbers, distribnted to 
the striated mnsele derived from mandibnlar prominenee 
mesoderm, primarily the mnseles of mastieation. Two para- 
sympathetie ganglia, the otie and snbmandibnlar, are assoei- 
ated with this division of CN V; both are eoneerned with the 
innervation of salivary glands. 

Tables 9.1 and 9.2 provide a general snmmary of CN V. 
Table 9.4 snmmarizes the branehes of the three divisions. 
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(B) Lateral view 
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(C) Open-book view 


FIGIJRE 9.9. Distribution of trigeminal nerve (CN V). A. Cutaneous (sensory) zones are innervated by the three divisions ofthe trigeminal nerve. B. Eaeh 
eranial nerve division supplies skin and mucous membranes and sends a braneh to the dura ofthe anterior and middle eranial fossae. Eaeh division is assoei- 
ated w\th one ortv\/o parasympathetie ganglia and delivers the postsynaptie parasympathetie fibers from that ganglion: CN forthe eiliary ganglion, 

CN V 2 forthe pterygopalatine ganglion, and CN V 3 for the submandibular and otie ganglia. C. This open-book vievv shovvs the innervation ofthe lateral wa\\ 
and septum of the nasal eavity and palate. CN V^ supplies the anterosuperior portions of the eavity, and CN V^, the postero-inferior portions and the palate. 
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TABLE 9.4. SUMMARY OF DIVISIONS OF TRIGEMINAL NERVE (CN V) 


Divisions/Distributions 

Branehes 

Ophthalmie nerve (CN Vi) 

Sensory only 

Passes through superior orbital físsure into orbit 

Supplies eornea; superior conjunctiva; nnucosa of anterosuperior 
nasal eavity; frontal, ethmoidal, and sphenoidal sinuses; anteriorand 
supratentorial dura mater; skin of dorsum of external nose; superior 
eyelid; forehead; and anterior sealp 

Tentorial nerve (a meningeal braneh) 

Laerimal nerve 

Communicating braneh from zygomatie nerve 

Frontal nerve 

Supra-orbital nerve 

Supratrochlear nerve 

Nasoeiliary nerve 

Sensory rootof eiliary ganglion 

Shorteiliary nerves 

Long eiliary nerves 

Anteriorand posterior ethmoidal nerves 
infratroehlear nerves 

Maxillary nerve (CN V^) 

Sensory only 

Passes through foramen rotundum to enter pterygopalatine fossa 
Supplies dura mater of anterior partof middle eranial fossa; conjunctiva 
of inferior eyelid; mucosa of postero-inferior nasal eavity, maxillary 
sinus, palate and anterior part of superior oral vestibule; maxillary 
teeth; and skin of lateral external nose, inferior eyelid, anterior eheek, 
and upper lip 

Meningeal braneh 

Zygomatie nerve 

Zygomatieofaeial braneh 

Zygomatieotemporal braneh 

Communicating braneh to laerimal nerve 

Ganglionie branehes to (sensory rootof) pterygopalatine ganglion 
Posterior superior alveolar branehes 

Infra-orbital nerve 

Anterior and middle superior alveolar branehes 

Superior labial branehes 

Inferior palpebral branehes 

External nasal branehes 

Greater palatine nerves 

Posterior inferior lateral nasal nerves 

Lesser palatine nerves 

Posterior superior lateral nasal branehes 

Nasopalatine nerve 

Pharyngeal nerve 

Mandibular nerve (CN V3) 

Sensory and motor 

Passes through foramen ovale into infratemporal fossa 

Supplies sensory innervation to mucosa of anteriortvvo thirds of 
tongue, floor of mouth, and posterior and anterior inferior oral ves- 
tibule; mandibularteeth; and skin of lovverlip, buccal, parotid, and 
temporal regions offaee; and external ear(auricle, upper external 
acoustic meatus, and tympanie membrane) 

Supplies motor innervation to 4 muscles of mastieation, mylohyoid, 
anterior belly of digastrie, tensor veli palatini, and tensortympani 

Somatie (general) sensory branehes 

Meningeal braneh (nervus spinosum) 

Buccal nerve 

Auriculotemporal nerve 

Lingual nerve 

Inferior alveolar nerve 

Inferior dental plexus 

Mental nerve 

Somatie (branehial) motor branehes 

Masseterie nerve 

Deep temporal nerves 

Nerves to medial and lateral pterygoid 

Nerve to mylohyoid (and anterior belly of digastrie) 

Nerve to tensorveli palatini 

Nerve to tensortympani 


The Bottom Lìne 


TRIGEMINAL NERVE 


♦ The trigeminal nerve (CN V) supplies somatie motor 
fibers to the muscles of mastieation, mylohyoid, anterior 
belly ofthe digastrie, tensor tympani, and tensorveli palatini 
muscles. ♦ It also distributes postsynaptie parasympathetie 
fibers of the head to their destinations. ♦ CN V is sensory to 
the dura of the anterior and middle eranial fossae, skin of 
the faee, teeth, gingiva, mucous membrane of the nasal 
eavity, paranasal sinuses, and mouth. ♦ CN V originates 

from the lateral surface ofthe pons by two roots: motorand 
sensory. ♦ These roots eross the medial part of the erest 
of the petrous part of the temporal bone and enter the tri- 
geminal eave of the dura mater lateral to the body of the 
sphenoid and cavernous sinus. ♦ The sensory root leads to 
the trigeminal ganglion; the motor root runs parallel to the 
sensory root, then bypasses the ganglion and beeomes part 
of the mandibular nerve (CN V 3 ). 
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ABDUCENT NERVE (CN VI) 

Functions; Somatie motor (general somatie efferent) to one 
extra-ocular mnsele, the lateral reetns. 

Nnelens; The abdneent nnelens is in the pons near the 
median plane (Fig. 9.5). 

The abdneent nerve (CN VI) emerges from the brain- 
stem between the pons and the mednlla and traverses the pon- 
tine eistern of the snbaraehnoid spaee, the right and left nerves 
straddling the basilar arteiy (Figs. 9.3 and 9.8). Eaeh abdn- 
eent nerve then pierees the dnra to rnn the longest intradnral 
eonrse within the eranial eavity of all the eranial nerves—that 
is, its point of entry into the dnra mater eovering the elivns is 
the most distant from its exit from the eraninm via the snperior 
orbital fìssnre. Dnring its intradnral eonrse, it bends sharply 
over the erest of the petrons part of the temporal bone and 
then eonrses throngh the eavernons sinns, snrronnded by the 
venons blood in the same manner as the internal earotid artery 
which it parallels in the sinns. CN VI traverses the eommon 
tendinons ring (L. anulus tendineus eommanis) as it enters the 
orbit (see Chapter 7), rnnning on and penetrating the medial 
snrfaee of the lateral reetns, which abdnets the pnpil. 

The Bottom Lìne 


ABDUCENT NERVE 

♦ The abducent nerves (CN VI) supply somatie motorfibers 
to the lateral rectus muscles of the eyeballs. ♦ The nerves 
originate from the pons, pieree the dura mater on the clivus, 
traverse the cavernous sinuses and superior orbital fissures, 
and enterthe orbits. 


FAeiAL NERVE (CN VII) 

Fanetions; Sensory —speeial sensory (taste) and somatie 
(general) sensory. Motor —somatie (branehial) motor and 
viseeral (parasympathetie) motor. It also earries proprioeep- 
tive fìbers from the mnseles it innervates. 

Nnelei; The motor nnelens of the faeial nerve is a bran- 
ehiomotor nnelens in the ventrolateral part of the pons (Fig. 
9.5). The eell bodies of the primary sensory nenrons are in 
the genienlate ganglion (Fig. 9.10B). The eentral proeesses of 
those eoneerned with taste end in the nnelei of the solitary traet 
in the mednlla. The proeesses of those eoneerned with general 
sensations (pain, toneh, and thermal) from aronnd the external 
ear end in the spinal nucleus of the tngeminal nerve (Fig. 9.5). 

The faeial nerve (CN VII) emerges from the jnnetion 
of the pons and mednlla as two divisions: the primary root 
and the intermediate nerve. The larger primary root (faeial 
nerve proper) innervates the mnseles of faeial expression, 
and the smaller intermediate nerve (L. nervus interme- 
dius) earries taste, parasympathetie, and somatie sensory 


fìbers. Dnring its eonrse, CN VII traverses the posterior era- 
nial fossa, internal aeonstie meatns, faeial eanal, stylomastoid 
foramen of the temporal bone, and parotid gland. After tra- 
versing the internal aeonstie meatns, the nerve proeeeds a 
short distanee anteriorly within the temporal bone and then 
tnrns abrnptly posteriorly to eonrse along the medial wall of 
the tympanie eavity. The sharp bend, the genienlnm of the 
faeial nerve (L. genu, knee) is the site of the genienlate 
ganglion, the sensory ganglion of CN VII (Fig. 9.10). While 
traversing the temporal bone within the faeial eanal, CN VII 
gives rise to the: 

• Greater petrosal nerve. 

• Nerve to the stapedins. 

• ehorda tympani nerve. 

Then, after rnnning the longest intra-osseous course of any 
eranial nerve, CN VII emerges from the eraninm via the sty- 
lomastoid foramen; gives off the posterior anrienlar braneh; 
enters the parotid gland; and forms the parotid plexus, which 
gives rise to the following fìve terminal motor branehes: tem- 
poral, zygomatie, bneeal, marginal mandibnlar, and eervieal. 

Somatìe (Branehial) Motor 

As the nerve of the 2nd pharyngeal areh, the faeial nerve 
snpplies striated mnseles derived from its mesoderm, mainly 
the mnseles of faeial expression and anrienlar mnseles. It also 
snpplies the posterior bellies of the digastrie, stylohyoid, and 
stapedins mnseles. 

Viseeral (Parasympathetie) Motor 

The viseeral (parasympathetie) motor distribntion of the faeial 
nerve is presented in Fignre 9.11. CN VII provides presynap- 
tie parasympathetie fìbers to the pterygopalatine ganglion for 
innervation of the laerimal glands and to the suhmandihular 
ganglion for innervation of the snblingnal and snbmandibn- 
lar salivary glands. The pterygopalatine ganglion is assoeiated 
with the maxillary nerve (CN V^), which distribntes its post- 
synaptie fìbers, whereas the snbmandibnlar ganglion is asso- 
eiated with the mandibnlar nerve (CN V 3 ). The main featnres 
of the parasympathetie ganglia snpplied by the faeial nerve 
and other eranial nerves are snmmarized in Fignre 9.4 and 
Table 9.3. Parasympathetie fìbers synapse in these ganglia, 
whereas sympathetie and other fìbers pass throngh them. 

Somatìe (General) Sensory 

Some fìbers from the genienlate ganglion snpply a small 
area of the skin of the eoneha of the anriele, elose to external 
aeonstie meatns. 

Speeial Sensory (Taste) 

Fibers earried by the ehorda tympani join the lingaal nerve 
of CN V 3 to eonvey taste sensation from the anterior two 
thirds of the tongne and soft palate (Fig. 9.10). 
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Faeial nerve (CN VII) 


Intermediate nerve 
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Geniculum (site of geniculate ganglion) 
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FIGIJRE 9.10. Distribution of faeial nerve (CN VII). A. The faeial nerve in situ demonstrates its intraosseous course and branehes. B. The distribution 
ofthe faeial nerve fibers is sho\A/n. Observe that CN VII supplies (1) somatie (branehial) motor innervation {blue) to derivatives ofthe 2nd pharyngeal areh 
(muscles of faeial expression, including the auricular and oeeipitofrontalis muscles plus the stapedius and posterior bellies of the digastrie and stylohyoid); 
(2) speeial sensory (taste) and presynaptie parasympathetie (seeretomotor) fibers (green) to the anterior tongue and submandibular ganglion via the ehorda 
tympani; and (3) presynaptie parasympathetie (seeretomotor) fibers (pnrple) to the pterygopalatine ganglion via the greater petrosal nerve. 
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(A) Parasympathetìe (viseeral motor) 
to laerimal gland 


Greater petrosal nerve arises 
from CN VII at the geniculate 
ganglion and emerges from the 
superior surface of the petrous 
part of the temporal bone to 
enter the middle eranial fossa. 



Greater petrosal nerve joins the 
deep petrosal nerve (sympathetie) 
at the foramen lacerum to form 
the nerve of the pterygoid eanal. 


\ 

V/ 

7 

Nerve of pterygold eanal travels 
through the pterygoid eanal and 
enters the pterygopalatine fossa. 

\ 


7 


Parasympathetie fibers from the 
nerve of pterygoid eanal in the 
pterygopalatine fossa synapse in 
the pterygopalatlne gangllon. 



Postsynaptle parasympathetle 
flbers hom this ganglion 
innervate the laerlmal gland y\a 
the zygomatie braneh of CN 
and the laerimal nerve (braneh of 
CN Vi). 


(B) Parasympathetie (viseeral motor) to 
submandibular and sublingual gíands 


The ehorda tympani braneh arises 
from CN VII ]ust superior to 
stylomastoid foramen. 



The ehorda tympani erosses the 
tympanie eavity medial to the 
handle of malleus. 



The ehorda tympani passes 
through the petrotympanie fissure 
betvveen the tympanie and the 
petrous parts of the temporal 
bone to join the lingual nerve 
(CN V 3 ) in the infratemporal fossa. 



Parasympathetie fibers of the 
ehorda tympani synapse in the 
submandlbular gangllon-, 
postsynaptie fibers follovv 
arteries to glands. 


FIGURE9.11. 

glands. 


Parasympathetie innervation involving CN VII. A. Innervation ofthe laerimal gland. B. Innervation ofthe submandibular and sublingual 


The Bottom Lìne 


FAGIAL NERVE 

♦ The faeial nerves (CN VII) supply motor fibers to the sta- 
pedius, posterior belly ofthe digastrie, stylohyoid, faeial, and 
sealp muscles. ♦ They also supply presynaptie parasympa- 
thetie fibers via the intermediate nerve (smaller root of 
CN VII) destined forthe pterygopalatine and submandibular 
ganglia via the greater petrosal nerve and ehorda tympani, 
respeetively. ♦ CN VII is sensory to some skin ofthe external 


acoustic meatus and, via the intermediate nerve, is sensory to 
taste from the anterior two thirds of the tongue and the soft 
palate. ♦ CN VII originates from the posterior border ofthe 
pons and runs through the internal acoustic meatus and faeial 
eanal in the petrous part of the temporal bone. ♦ CN VII 
exits via the stylomastoid foramen; its main trunk forms the 
intraparotid nerve plexus. 
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VESTIBULOCOCHLEAR NERVE 
(CN VIII) 

Functions; Speeial sensory (speeial somatie afferent)—that 
is, speeial sensations of hearing, equilibrium, and motion 
(aeeeleration/ deeeleration). 

Nnelei; Vestibnlar nnelei are loeated at the jnnetion of 
the pons and mednlla in the lateral part of the floor of the 4th 


ventriele; the eoehlear nnelei, anterior and posterior, are in 

the mednlla (Fig. 9.5). 

The vestibnloeoehlear nerve (CN VIII) emerges from 
the jnnetion of the pons and mednlla and enters the ìnternal 
aeonstie meatns (Figs. 9.2 and 9.3). Here it separates into the 
vestibnlar and eoehlear nerves (Fig. 9.12). 

• The vestibnlar nerve is eomposed of the eentral pro- 
eesses of bipolar nenrons in the vestibnlar ganglion. 
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FIGIJRE 9.12. Vestibulocochlear nerve (CN VIII). A. The internal surface of the eranial base shovvs the loeation of the bony labyrinth of the internal ear 
vvithin the temporal bone. B. This vievv ofthe bony and membranous labyrinths shovvs (1) innervation ofthe eoehlea by the eoehlear nerve of CN VIII for the 
sense of hearing and (2) innervation ofthe vestibular apparatus by the vestibular nerve of CN VIII for equilibrium and motion. 
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The peripheral proeesses of the neurons extend to the 
maenlae of the ntriele and saeenle (sensitive to linear 
aeeeleration and the pnll of gravity relative to the posi- 
tion of the head) and to the eristae of the ampnllae of the 
semieirenlar dnets (sensitive to rotational aeeeleration). 

• The eoehlear nerve is eomposed of the eentral proeesses 
of bipolar nenrons in the spiral ganglion; the peripheral 
proeesses of the nenrons extend to the spiral organ for the 
sense of hearing. 

Within the intemal aeonstie meatns, the two divisions of CN 
VIII are aeeompanied by the primary root and intermediate 
nerve of CN VII and the labyrinthine artery (see Chapter 7). 

The Bottom Lìne 


VESTIBULOCOCHLEAR NERVE 

♦ The vestibulocochlear nerves (CN VIII) earry fibers 
eoneerned with the speeial senses of hearing, equilibrium, 
and motion. ♦ The nerves originate from the grooves 
between the pons and medulla. ♦ They run through the 
internal acoustic meatus and divide into the eoehlear and 
vestibular nerves. ♦ The eoehlear nerve is sensory to the 
spiral organ (forthe sense ofhearing). ♦ The vestibular 
nerve is sensory to the eristae of the ampullae of the 
semicircular ducts and the maculae ofthe saccule and 
utricle (forthe sense of equilibration and motion). 


GLOSSOPHARYNGEAL NERVE (CNIX) 

Functions; Sensory —somatie (general) sensory, speeial sen- 
sory (taste), and viseeral sensory. Motor —somatie (branehial) 
motor, and viseeral (parasympathetie) motor for derivatives 
of the 3rd pharyngeal areh. 

Nnelei; Fonr nnelei in the mednlla send or reeeive fibers 
via CN IX: two motor {nnelens amhignns and inferior sali- 
vary nnelens) and two sensory {sensory nnelei of the tri- 
geminal nerve [CN V] and nnelei of the solitary traet). Three 
of these nnelei (in italies) are shared with CN X (Fig. 9.5). 

The glossopharyngeal nerve (CN IX) emerges from 
the lateral aspeet of the mednlla and passes anterolaterally 
to leave the eraninm throngh the anterior aspeet of thejngn- 
lar foramen (Figs. 9.13 and 9.14). At this foramen are the 
sensory snperior and inferior ganglia of CN IX, whieh 
eontain the psendonnipolar eell bodies for the afferent eom- 
ponents of the nerve. CN IX follows the stylopharyngens, 
the only mnsele the nerve snpplies, and passes between the 
snperior and middle pharyngeal eonstrietor mnseles to reaeh 
the oropharynx and tongne. It eontribntes sensory fibers to 
the pharyngeal plexus of nerves. CN IX is afferent from the 
tongne and pharynx (henee its name) and efferent to the sty- 
lopharyngens and parotid gland. 


Somatie (Branehial) Motor 

Motor fibers pass to one mnsele, the stylopharyngens, 
derived from the 3rd pharyngeal areh. 

Viseeral (Parasympathetie) Motor 

Following a eirenitons ronte initially involving the tympanie 
nerve, presynaptie parasympathetie fibers are provided 
to the otie ganglion for innervation of the parotid gland 
(Fig. 9.15). The otie ganglion is assoeiated with the mandibnlar 
nerve (CN V3), branehes of which eonvey the postsynaptie 
parasympathetie fibers to the parotid gland. 

Somatie (General) Sensory 

The general sensory branehes of CN IX are as follows 

(Fig. 9.13): 

• The tympanie nerve. 

• The earotid sinus nerve to the earotid sinns, a baro- 
(presso-) reeeptor sensitive to ehanges in blood pressnre, 
and the earotid body, a ehemoreeeptor sensitive to blood 
gas (oxygen and earbon dioxide levels). 

• The pharyngeal, tonsillar, and lingnal nerves to the 
mneosa of the oropharynx and isthmns of the fanees (L., 
throat), inelnding palatine tonsil, soft palate, and poste- 
rior third of the tongne. In addition to general sensation 
(toneh, pain, temperatnre), taetile (aetnal or threatened) 
stimnli determined to be nnnsnal or nnpleasant here may 
evoke the gag refiex or even vomiting. 

Speeìal Sensory (Taste) 

Taste fibers are eonveyed from the posterior third of 
the tongne to the sensory inferior ganglia of CN IX 
(Fig. 9.14). Details of the distribntion of CN IX are 
ontlined in Fignre 9.13. 

The Bottom Lìne 


GLOSSOPHARYNGEAL NERVE 

♦ The glossophar)^ngeal nerves (CN IX) send somatie 
motorfibers to the stylopharyngeus and viseeral motor 
(presynaptie parasympathetie) fibers to the otie gan- 
glion for innervation of the parotid gland. ♦ They also 
send sensory fibers to the posterior third of the tongue 
(including taste), pharynx, tympanie eavity, pharyngo- 
tympanie eavity, earotid body, and earotid sinus. ♦ The 
nerves originate from the rostral end of the medulla and 
exit from the cranium via the jugular foramina. ♦ They 
pass between the superior and the middle pharyngeal 
eonstrietors to the tonsillar sinus and enter the posterior 
third of the tongue. 
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FIGIJRE 9.13. Distribution of glossopharyngeal nerve (CN IX). A. CN IX is motor to one striated pharyngeal muscle, the stylopharyngeus. It also earries 
sensory fibers from the earotid body and earotid sinus, eonveying information about blood pressure and gas levels as vvell as somatie (general) sensation 
from the internal ear, pharynx, and fauces and taste from the posterior tongue. B. The parasympathetie eomponent ofCN IXsupplies presynaptie seeretory 
fibers to the otie ganglion; postsynaptie fibers pass to the parotid gland via the auriculotemporal nerve (CN V3). 


VAGUS NERVE (CN X) 

Functions; Sensory —somatie (general) sensory, speeial 
sensory (taste), viseeral sensory. Motor —somatie (braehial) 
motor and viseeral (parasympathetie) motor. 

• Somatie (general) sensory from the inferior pharynx, and 
larynx. 

• Viseeral sensory from the thoraeie and abdominal organs. 

• Taste and somatie (general) sensation from the root of the 
tongne and taste bnds on the epiglottis. Branehes of the 
internal laryngeal nerve (a braneh of CN X) snpply a small 
area, mostly somatie (general) sensory, bnt also some spe- 
eial sensation (taste). 


• Somatie (branehial) motor to the soft palate; pharynx; 
intrinsie laryngeal mnseles (phonation); and a nominal 
extrinsie tongne mnsele, the palatoglossns, whieh is 
aetnally a palatine mnsele based on its derivation and 
innervation. 

• Proprioeeptive to the mnseles listed above. 

• Viseeral (parasympathetie) motor to thoraeie and abdomi- 
nal viseera. 

Nuclei: Sensory —sensory nnelens of the trigeminal nerve 
(somatie sensory) and nnelei of the solitary traet (taste and 
viseeral sensory). Motor —nnelens ambignns (somatie [bran- 
ehial] motor) and dorsal vagal nucleus (viseeral [parasym- 
pathetie] motor) (Fig. 9.5). 
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Jugular foramen 
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FIGIJRE 9.14. Relationship of structures traversing jugular foramen. CN IX, CN X, and CN XI are, in numerical order, anteriorto the internal jugular vein 
as they traverse the foramen. They are immediately posterior to the internal earotid artery as they emerge from it. The superior and inferior sensory ganglia of 
CN IX and CN X are seen as thiekenings of those nerves immediately inferior to their exit from the cranium. 


The vagus nerve (CN X) has the longest eonrse and 
most extensive distribntion of all the eranial nerves, most of 
whieh is ontside of (inferior to) the head. The term vagas 
is derived from the Latin word vagary, meaning “wander- 
ing.” CN X was so ealled beeanse of its extensive distribntion 
(Table 9.5). It arises by a series of rootlets from the lateral 
aspeet of the mednlla that merge and leave the eraninm 
throngh the jugularforamen positioned between CN IX and 

CNXI (Figs. 9.14 and9.16). 

What was formerly ealled the “eranial root of the aeeessory 
nerve” is aetnally a part of CN X (Fig. 9.17). CN X has a supe- 
rior ganglion in the jngnlar foramen that is mainly eoneerned 
with the general sensory eomponent of the nerve. Inferior to 
the foramen is an inferior ganglion (nodose ganglion) eon- 
eerned with the viseeral and speeial sensory eomponents of 


the nerve (Fig. 9.14). In the region of the snperior ganglion are 
eonneetions to CN IX and the snperior eervieal (sympathetie) 
ganglion. CN X eontinnes inferiorly in the earotid sheath to 
the root of the neek (see Chapter 8), snpplying branehes to the 
palate, pharynx, and larynx (Fig. 9.16; Table 9.5). 

The eonrses of the vagi are asymmetrieal in the thorax, a 
consequence of rotation of the midgnt dnring development 
(see ehapters 1 and 2). CN X snpplies branehes to the heart, 
bronehi, and Inngs. The vagi form anterior and posterior 
vagal trnnks that are eontinnations of the esophageal plexus 
snrronnding the esophagns, which is also joined by branehes 
of the sympathetie trnnks. The trnnks pass with the esophagns 
throngh the diaphragm into the abdomen, where the vagal 
trnnks break up into branehes that innervate the stomaeh 
and intestinal traet as far as the left eolie flexure. 


The Bottom Lìne 


VAGUS NERVE 

♦ The vagus nerves (CN X) supply motor fibers to the 
voluntary muscles of the larynx and superior esophagus. 

♦ They also send viseeral motor (presynaptie parasympa- 
thetie) fibers to the involuntary muscles and glands of: 

(1) the traeheobronehial tree and esophagus via the pulmo- 
nary and esophageal plexuses, (2) to the heart via the ear- 
diae plexus, and (3) to the alimentary traet as far as the left 
eolie fìexure via the vagal trunks. ♦ The vagus nerves also 


send sensory fibers to the pharynx, larynx, and refìex affer- 
ents from these same areas (1-3 above). ♦ They originate 
via 8-1 0 rootlets from the lateral sides of the medulla of the 
brainstem. They enter the superior mediastinum posterior 
to the sternoclavicular joints and braehioeephalie veins. 

♦ The nerves give rise to right and left recurrent nerves and 
then, from the esophageal plexus, reform as anterior and 
posterior vagal trunks, which continue into the abdomen. 
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Parasympathetie (viseeral motor) 


Tympanie nerve arises from 
CN IX and emerges with it from 
the jugular foramen. 



Tympanie nerve enters the 
middle ear via the tympanie 
canaliculus in the petrous part of 
the temporal bone. 



Tympanie nerve forms the 
tympanie plexus on the 
promontory of the middle ear. 



The lesser petrosal nerve arises 
as a braneh of the tympanie 
plexus. 



Lesser petrosal nerve penetrates 
roof of tympanie eavity (tegmen 
tympani) to enter middle eranial 
fossa. 



Lesser petrosal nerve leaves era- 
nium through the foramen ovale. 



Parasympathetie fibers synapse 
in the otie ganglion. 



Postsynaptie fibers pass to 
parotid gland via branehes of 
auriculotemporal nerve (CN V3). 


FIGIJRE 9.15. Parasympathetie innervation involving the glossopha- 
ryngeal nerve (CN IX). CN IX sends presynaptie parasympathetie (seere- 
tomotor) fibers to the otie ganglion via a convoluted route; postsynaptie 
fibers pass from the ganglion to the parotid gland via the auriculotempo- 
ral nerve (Fig. 9.13B). 


SPINAL AGGESSORY NERVE (CN XI) 

Functions; Somatie motor to the striated sternoeleidomas- 
toid and trapezins mnseles. 

Nnelei; The spinal aeeessory nerve arises from the 
nnelens of the spinal aeeessory nerve, a eolnmn of ante- 
rior horn motor nenrons in the snperior five or six eervieal 
segments of the spinal eord (Fig. 9.5). 

The traditional “eranial root” of CN XI is aetnally a part of 
CN X (Laehman et ah, 2002). It may be nnited for a short dis- 
tanee with the spinal aeeessory nerve (CN XI) (Fig. 9.17). 
CN XI emerges as a series of rootlets from the first five or 
six eervieal segments of the spinal eord. It joins the CN X 
temporarily as they pass throngh \he jugular foramen, sepa- 
rating again as they exit (Fig. 9.14). CN XI deseends along 
the internal earotid artery, penetrates and innervates the 
sternoeleidomastoid, and emerges from the mnsele near the 
middle of its posterior border. Next, CN XI erosses the poste- 
rior eervieal region and passes deep to the snperior border of 
the trapezins to deseend on its deep snrfaee, providing mnl- 
tiple branehes to the mnsele. Branehes of the eervieal plexus 
eonveying sensory fibers from spinal nerves C2-C4 join the 
spinal aeeessory nerve in the posterior eervieal region, pro- 
viding these mnseles with pain and proprioeeptive fibers. 

The Bottom Lìne 


SPINAL AGGESSORY NERVE 

♦ The spinal aeeessory nerves (CN XI) supply somatie motor 
fibers to the sternoeleidomastoid and trapezius muscles. 

♦ The nerves arise as rootlets from the sides of the spinal 
eord in the superior five or six eervieal segments. ♦ They 
aseend into the eranial eavity via the foramen magnum 
and exit through the jugular foramina, erossing the lat- 
eral eervieal region, where pain and proprioeeptive fibers 
from the eervieal plexus join the nerves. 


HYPOGLOSSAL NERVE (CN XII) 

Functions; Somatie motor to the intrinsie and extrinsic mns- 
eles of the tongne (G. glossa) —styloglossns, hyoglossns, and 
genioglossns. 

The hypoglossal nerve (CN XII) arises as a pnrely motor 
nerve by several rootlets from the mednlla and leaves the 
eraninm throngh the hypoglossal eanal (Figs. 9.2 and 9.3). 
After exiting the eranial eavity, CN XII is joined by a braneh 
or branehes of the eervieal plexus eonveying general somatie 
motor fibers from C1 and C2 spinal nerves and somatie (gen- 
eral) sensory fibers from the spinal ganglion of C2 (Fig. 9.18). 
These spinal nerve fibers “hiteh a ride” with CN XII to reaeh 

(text eontinnes on p. 1078) 


































































TABLE 9.5. SUMMARY OF VAGUS NERVE (CN X) 


Divisions (Paits) 

Branehes 

Granial 

Vagi arise by a series of rootlets from medulla (includes traditional 
eranial rootof CN XI) 

Meningeal braneh to dura mater (sensory; actually fibers of 

C2 spinal ganglion neurons that hiteh a ride with vagus nerve) 

Auricular braneh 

Gervieal 

Exitcranium/enter neckthrough jugular foramen; rightand left 
vagus nerves enterearotid sheaths and continueto rootof neek 

Pharyngeal branehes to pharyngeal plexus (motor) 
eervieal eardiae branehes (parasympathetie, viseeral afferent) 

Superior laryngeal nerve (mixed) internal (sensory) and external 
(motor) branehes 

Right recurrent laryngeal nerve (mixed) 

Thoraeie 

Vagi enter thorax through superior thoraeie aperture; left vagus 
contributes to anterior esophageal plexus; rightvagus to posterior 
plexus; form anterior and posterior vagal trunks 

Left recurrent laryngeal nerve (mixed; all distal branehes eonvey 
parasympathetie and viseeral afferentfibers for reflex stimuli) 

Thoraeie eardiae branehes 

Pulmonary branehes 

Esophageal plexus 

Abdominal 

Anterior and posterior vagal trunks enter abdomen through 
esophageal hiatus in diaphragm; distribute asymmetrieally 

Esophageal branehes 

Gastrie branehes 

Hepatie branehes 

Ceiiac branehes (from posterior vagal trunk) 

Pylorie braneh (from anterior vagal trunk) 

Renal branehes 

Intestinal branehes (to lefteolie flexure) 




Posterior vagal trunk — 

Geliae ganglion and plexus 

Superior mesenterie 
ganglion i 


Vagus 
nerve 
(CN X) 


Inferior 

view 


Right vagus nerve (CN X) 

Superior laryngeal nerve 


Sinus nerve 


Laryngeal nerve 


Internal 
External 


Superior eardiae nerve 


Right recurrent laryngeal nerve 

Inferior eardiae branehes 


Pharyngeal braneh 


Left vagus nerve 
(CN X) 


Left recurrent 
laryngeal nerve 


Gardiae plexus 


Diaphragm 


Anterior 

vagal 

trunk 


Posterior 


vagal 

trunk 


Stomaeh 


Posterior gastrie 
branehes 


Esophageal 

plexus 

Esophagus 

Anterior gastrie 
branehes 


Pulmonary plexus 
Esophageal plexus 


Pylorie braneh 
Renal plexus 


Right eolie 
flexure 


Branehes of 
eardiae plexus 

Anterior 
vagal trunk 

Anterior gastrie 
nerve 

Gastrie 
branehes 

Splenie 
branehes 

Panereatie 
branehes 

Left eolie 
flexure 


Branehes to the small 
and large intestine as far 
as the left eolie flexure 


FIGURE 9.16. Dìstrìbutìon of vagus nerve (CN X). After supplying the palatine, pharyngeal, and laryngeal branehes, CN X deseends into the thorax. 
The recurrent laryngeal nerves aseend to the larynx, the left from a more inferior (thoraeie) level. In the abdomen, the anterior and posterior vagal trunks 
demonstrate further asymmetry as they supply the terminal esophagus, stomaeh, and intestinal traet as far distally as the left eolie fìexure. 
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FIGIJRE 9.17. Distribution of spinal aeeessory nerve (CN XI). 
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FIGIJRE 9.18. DIstrIbutIon of hypoglossal nerve (CN XII). CN XII leaves the cranium through the hypoglossal eanal and passes deep to the mandible to 
enter the tongue, where it supplies all intrinsie and extrinsic lingual muscles, except the palatoglossus. CN XII is joined immediately distal to the hypoglossal 
eanal by a braneh eonveying fibers from the C1 and C2 loop ofthe eervieal plexus. These fibers hiteh a ride with CN XII, leaving it as the superior root ofthe 
ansa eerviealis and the nerve to the thyrohyoid muscle. Cervical spinal nerves, not CN XII, supply the infrahyoid muscles. 
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the hyoid muscles, with some of the sensory fibers passing 
retrograde along it to reaeh the dnra mater of the posterior 
eranial fossa (see Fig. 8.13B, p. 997). CN XII passes inferiorly 
medial to the angle of the mandible and then enrves anteri- 
orly to enter the tongue (Fig. 9.18). 

CN XII ends in many branehes that snpply all the extrin- 
sie mnseles of the tongne, except the palatoglossns (which 
is aetnally a palatine mnsele). CN XII has the following 
branehes: 

• A meningeal braneh retnrns to the eraninm throngh the 
hypoglossal eanal and innervates the dura mater on the 
fioor and posterior wall of the posterior eranial fossa. The 
nerve fibers eonveyed are from the sensory spinal gan- 
glion of spinal nerve C2 and are not hypoglossal fibers. 

• The snperior root of the ansa eerviealis branehes from 
CN XII to snpply the infrahyoid mnseles (sternohyoid, 
sternothyroid, and omohyoid). This braneh aetnally eon- 
veys only fibers from the eervieal plexus (the loop between 
the anterior rami of C1 and C2) that joined the nerve out- 
side the eranial eavity, not hypoglossal fibers (Fig. 9.18). 


Some fibers eontinne past the origin of the snperior root 
to reaeh the thyrohyoid mnsele. 

• Terminal lingnal branehes snpply the styloglossns, hyo- 
glossns, genioglossns, and intrinsie mnseles of the tongne. 


The Bottom Lìne 


HYPOGLOSSAL NERVE 

♦ The hypoglossal nerves (CN XII) supply somatie 
motor fibers to the intrinsie and extrinsic muscles of the 
tongue, except the palatoglossus (a palatine muscle). 

♦ They arise by several rootlets between the pyramids 
and the olives of the medulla. ♦ They pass through 
the hypoglossal eanals and run inferiorly and anteri- 
orly, passing medial to the angles of the mandible and 
between the mylohyoid and the hyoglossus to reaeh the 
muscles of the tongue. 


GRANIAL NERVES 
eranial Nerve Injnries 


OLFAGTORY NERVE 
Anosmia—Loss of Smell 

The loss of smell (anosmia) is frequently assoei- 
ated with upper respiratory infeetions, sinus dis- 
ease, and head tranma. Loss of olfaetory fibers 


oeenrs with aging. Consequently, elderly people often have 
redneed aenity of the sensation of smell, resnlting from 
progressive rednetion in the nnmber of olfaetory reeeptor 
nenrons in the olfaetory epithelinm. The ehief eomplaint 
of most people with anosmia is the loss or alteration of 
taste; however, elinieal stndies reveal that in all bnt a few 
people, the dysfnnetion is in the olfaetory system (Simpson, 
2006). The reason is that most people eonfnse taste with 
fiavor. Transitory olfaetory impairment oeenrs as a resnlt of 
viral or allergie rhinitis —infiammation of the nasal mneons 
membrane. 

To test the sense of smell, the person is blindfolded and 
asked to identify eommon odors, sneh as freshly gronnd eoffee 
plaeed near the external nares (nostrils). One naris is oeelnded 
and the eyes are elosed. Beeanse anosmia is nsnally nnilateral, 
eaeh naris is tested separately. If the loss of smell is nnilateral, 
the person may not be aware of it without elinieal testing. 

Injnry to the nasal mucosa, olfaetory nerve fibers, olfae- 
tory bnlbs, or olfaetory traets may also impair smell. In 
severe head injnries, the olfaetory bnlbs may be torn away 
from the olfaetory nerves, or some olfaetory nerve fibers 
may be torn as they pass throngh Sifraetnred erihriform 
plate. If all the nerve bnndles on one side are torn, a eom- 
plete loss of smell will oeenr on that side; consequently, 
anosmia may be a elne to a fraetnre of the eranial base and 
eerebrospinal finid rhinorrhea (leakage of the finid throngh 
the nose). 

A tnmor and/or abseess in the frontal lobe of the brain or 
a tnmor of the meninges (meningioma) in the anterior eranial 
fossa may also eanse anosmia by eompressing the olfaetory 
bnlb and/or traet (Brnee et ak, 2010). 



Table 9.6 snmmarizes some eommon eranial nerve 
injnries, indieating the type or site of lesions and 
abnormal findings that resnlt. Injnry to the eranial 
nerves is a frequent eomplieation of a fraetnre in the base of 
the eraninm. Fnrthermore, excessive movement of the brain 
within the eraninm may tear or brnise eranial nerve fibers, 
espeeially those of CN I. Paralysis of eranial nerves as a resnlt 
of tranma ean nsnally be deteeted as soon as the patient’s state 
of eonseionsness permits (Brannagan et ak, 2010); however, in 
some people, the paralysis may not be evident for several days. 

Beeanse of their loeation within the eonfined eranial eavity, 
relatively fixed positions, and sometimes elose relationships to 
bony or vasenlar formations, the intraeranial portions of eer- 
tain eranial nerves are also snseeptible to eompression owing 
to a tnmor or anenrysm. In sneh eases, the onset of symptoms 
nsnally oeenrs gradnally, and the effeets depend on the extent 
of the pressnre exerted. Beeanse of their elose relationship 
to the eavernons sinus, CN III, CN IV, CN Vi and espeeially 
CN VI are snseeptible to eompression or injnry related to 
pathologies (infeetions, thrombophlebitis) affeetingthe sinns. 
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TABLE 9.6. SUMMARY OF GRANIAL NERVE LESIONS 


Nerve 

Types(s) and/or Site(s) of Lesion 

Abnormal Finding(s) 

CN 1 

Fracture of eribriform plate 

Anosmia (loss of smell); eerebrospinal fluid rhinorrhea 

CN II 

Directtrauma to orbitoreyeball; fracture involving optie eanal 

Loss of pupillary eonstrietion 

Pressure on optie pathvvay; laeeration or intraeerebral elotin 
temporal, parietal, oroeeipital lobes of brain 

Visual field defeets 

CN III 

Pressure from herniating uncus on nerve; fracture involving 
cavernous sinus; aneurysms 

Dilated pupil; ptosis; eye turns dovvn and out; pupillary reflex 
on side of lesion vvill be lost 

CN IV 

Stretehing of nerve during its course around brainstem; fracture 
of orbit 

Inability to look dovvn vvhen eye is adducted 

CN V 

lnjury to terminal branehes (particularly CN V^) in roof of 
maxillary sinus; pathologieal proeesses affeeting trigeminal 
ganglion 

Loss of pain and touch sensations; paraesthesia; masseter 
and temporalis muscles do noteontraet; deviation of mandible 
to side of lesion vvhen mouth is opened 

CN VI 

Base of brain orfracture involving cavernous sinus ororbit 

Eye falls to move laterally; diplopia on lateral gaze 

CN VII 

Laeeration orcontusion in parotid region 

Paralysis offaeial muscles; eye remains open; angle of mouth 
droops; forehead does notvvrinkle 

Fracture of temporal bone 

As above, plus assoeiated involvement of eoehlear nerve and 
ehorda tympani; dry eornea; loss of taste on anterior tvvo thirds 
of tongue 

intraeranial hematoma (“stroke”) 

Forehead vvrinkles because of bilateral innervation offrontalis 
muscle; othervvise paralysis of eontralateral faeial muscles 

CN VIII 

Tumorof nerve (acoustic neuroma) 

Progressive unilateral hearing loss; tinnitus (noises in ear) 

CN IX 

Brainstem lesion ordeep laeeration of neek 

Loss of taste on posterior third of tongue; loss of sensation on 
affeeted side of soft palate 

CNX 

Brainstem lesion ordeep laeeration of neek 

Sagging of soft palate; deviation of uvula to normal side; 
hoarseness ovving to paralysis of voeal fold 

CNXI 

Laeeration of neek 

Paralysis of sternoeleidomastoid and deseending fibers of trape- 
zius; drooping of shoulder 

CNXII 

Neek laeeration; fractures of eranial base 

Protruded tongue deviates tovvard affeeted side; moderate 
dysarthria (disturbance of articulation) 


Olfaetory Hallucinations 

Oeeasionally olfaetory hallneinations (false pereep- 
tions of smell) may aeeompany lesions in the tempo- 
ral lobe of the eerebral hemisphere. A lesion that 
irritates the lateral olfaetory area (deep to the nnens) may 
eanse temporal lohe epilepsy or “nneinate fits,” which are 
eharaeterized by imaginary disagreeable odors and involnn- 
tary movements of the lips and tongne. 



OPTie NERVE 


Demyelinating Diseases 
and Optie Nerves 



Beeanse the optie nerves are aetnally CNS traets, 
the myelin sheath that snrronnds the sensory fibers 
from the point at which the fibers penetrate the 


selera is formed by oligodendroeytes (glial eells) rather than 
by nenrolemma (Schwann) eells, as in other eranial or spinal 
nerves of the peripheral nervons system (PNS). 
Consequently, the optie nerves are snseeptible to the effeets 
of demyelinating diseases of the CNS, sneh as mnltiple sele- 
rosis (MS), which nsnally do not affeet other nerves of the 

PNS. 



Optie Neuritis 

Optie nenritis refers to lesions of the optie nerve that 
eanse diminntion of visnal aenity, with or without 
ehanges in peripheral fields of vision (Brannagan 
et al., 2010). Optie nenritis may be eansed by infiammatory, 
degenerative, demyelinating, or toxic disorders. The optie dise 
appears pale and smaller than nsnal on ophthalmoseopie exam- 
ination. Many toxic snbstanees (e.g., methyl and ethyl aleohol, 
tobaeeo, lead, and merenry) may also injnre the optie nerve. 
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Right nnonocular blindness 



Visual 

fields 



Seetion of right optie nerve 


Bitemporal hemianopsia 

.-"-^ 

Visual 

fields 



FIGUREB9.1 


Left homonymous hemianopsia 

_A_ 




Visual 

fields 





Seetion of right optie traet 


Vìsual Fìeld Defeets 


eompression of Oculomotor Nerve 



Visnal field defeets result from lesions that affeet 
different parts of the visual pathway. The type of 
defeet depends on where the pathway is interrnpted 


(Fig. B9.1): 


• Gomplete seetion of an optie nerve resnlts in blindness in 
the temporal (T) and nasal (N) visnal fíelds of the ipsilat- 
eral eye (depieted in hlaek). 

• Gomplete seetion of the optie ehiasm rednees peripheral 
vision and resnlts in hitemporal hemianopsia, the loss of 
vision of one half of the visnal fíeld of both eyes. 

• Gomplete seetion of the right optie traet at the midline 
eliminates vision from the left temporal and right nasal 
visnal fíelds. A lesion of the right or left optie traet eanses 
a eontralateral homonymons hemianopsia, indieating 
that visnal loss is in similar fíelds. This defeet is the most 
eommon form of visnal fíeld loss and is often observed in 
patients with strokes (Swartz, 2009). 



Rapidly inereasing intraeranial pressnre (e.g., resnlt- 
ing from an extradural hematoma) often eompresses 
CNIII against the erest of the petrons part of the tem- 
poral bone. Beeanse antonomie fíbers in CN III are snperfíeial, 
they are affeeted fírst. As a resnlt, the pupil dilates progressively 
on the injnred side. Consequently, the fírst sign of CN III eom- 
pression is ipsilateral slowness of the pnpillary response to light. 


Aneurysm of Posterior Gerebral 
or Superior Gerebellar Artery 



An anenrysm of a posterior eerehral or snperior eer- 
ehellar artery may also exert pressnre on CN III as 
it passes between these vessels. The effeets of this 
pressnre depend on its severity. Beeanse CN III lies in the 
lateral wall of the eavernons sinus, injuries or infeetions of 
the sinus may also affeet this nerve. 


Defeets of vision eansed by eompression of the optie path- 
way, as may resnlt from tnmors of the pitnitary gland or berry 
anenrysms of the internal earotid arteries (see Chapter 7), 
may prodnee only part of the visnal losses deseribed here. 
Patients may not be aware of ehanges in their visnal fíelds 
until late in the eonrse of disease, beeanse lesions affeeting 
the visnal pathway often develop insidionsly. 

OCULOMOTOR NERVE 
Injury to Oculomotor Nerve 

A lesion of CN III resnlts in ipsilateral oenlomotor 
palsy, snmmarized in Table 9.6 and disenssed in 
detail in ehapter 7, p. 913. 


TROGHLEAR NERVE 

CN rVis rarely paralyzed alone. Lesionsofthe troehlear 
nerve or its nucleus cause paralysis of the superior 
oblique and impair the ability to tum the affeeted eye- 
ball inferomediaHy. CN IV may be tom when there are severe 
head injmies beeanse of its long intraeranial eonrse. The eharae- 
teristie sign of troehlear nerve injnry is diplopia (donble vision) 
when looking down. Diplopia oeenrs beeanse the snperior oblique 
normally assists the inferior reetns in depressing the pupil (direet- 
ing the gaze downward) and is the only mnsele to do so when the 
pupil is adducted. In addition, beeanse the snperior oblique is the 
primary muscle producing intorsion of the eyeball, the primary 
mnsele prodneing extorsion (the inferior oblique) is unopposed 
when the snperior oblique is paralyzed. Thus the direetion of gaze 
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and rotatìon of the eyeball abont its anteroposterior axis is differ- tbe dnra. A spaee-oeenpying lesion, sneb as a brain tnmor, 

ent for tbe two eyes wben an attempt is made to look downward, may eompress CN VI, eansing paralysis of tbe lateral reetns. 

and espeeially wben looking downward and medially. Tbe person Gomplete paralysis ofCN VI eanses medial deviation of tbe 

ean eompensate for tbe diplopia by inelining the bead anteriorly affeeted eye—that is, it is fnlly addneted owing to the 


and laterally toward the side of the normal eye. 


TRIGEMINAL NERVE 



Injury to Trigemìnal Nerve 

CN V may be injnred by tranma, tnmors, anenrysms, or 
meningeal infeetìons (Brannagan et al., 2010). It may 
be involved oeeasionally in poliomyelitis and general- 
ized polynenropathy a disease proeess involving several nerves. 
The sensory and motor nnelei in the pons and mednlla may be 
destroyed by intramednllary tnmors or vasenlar lesions. An iso- 
lated lesion of the spinal trigeminal traet also may oeenr with 
mnltìple selerosis (MS). Injnry to CNV eanses the following: 

Paralysis of the mnseles of mastieation with deviation of 
the mandible toward the side of the lesion (Table 9.6). 
Loss of the ability to appreeiate soft taetile, thermal, or 
painfnl sensations in the faee. 


nnopposed aetion of the medial reetns, leaving the person 
nnable to abdnet the eye. Diplopia is present in all ranges of 
movement of the eyeball, except on gazing to the side oppo- 
site the lesion. Paralysis of CN VI may also resnlt from: 

An anenrysm of the eerebral arterial eirele (at the base of 
the brain) (see Chapter 7, p. 887). 

Pressnre from an atheroselerotie internal earotid artery in 
the eavernons sinns, where CN VI is elosely related to this 
artery. 

Septie thrombosis of the sinns subsequent to infeetion in 
the nasal eavities and/or paranasal sinnses. 


FAGIAL NERVE 



Among motor nerves, CN VII is the most frequently 
paralyzed of all the eranial nerves. Depending on 
the part of the nerve involved, injnry to CN VII may 


Loss of eorneal reflex (blinking in response to the eornea eanse paralysis of faeial mnseles without loss of taste on the 
being tonehed) and the sneezing reflex (stimnlated by irri- anterior two thirds of the tongne or altered seeretion of the 


tants to elear the respiratory traet). 

Common eanses of faeial nnmbness are dental tranma, herpes 
zoster ophthalmiens (infeetìon eansed by a herpesvims), eranial 
tranma, head and neek tnmors, intraeranial tnmors, and idio- 
pathie trigeminal nenropathy (a nerve disease of unknown eanse). 

Trigeminal nenralgia (tie douloureux), the prineipal dis- 
ease affeeting the sensory root of CN V, prodnees excm- 
eiating, episodie pain that is nsnally restrieted to the areas 
snpplied by the maxillary and/or mandibnlar divisions of this 
nerve. (See detailed disenssion in ehapter 7, p. 862. 



Dental Anesthesia 

Anesthetie agents are eommonly administered hy 
injeetion to hloek pain dnring dental proeednres. CN 
V is of great importanee in the praetiee of dentistry 
beeanse it is the sensory nerve of the head, serving the teeth and 
mneosa of the oral eavity. Beeanse the snperior alveolar nerves 
(branehes of CN V^) are not aeeessible, the maxillary teeth are 
loeally anesthetized by injeeting the agent into the tissnes snr- 
ronnding the roots of the teeth and allowing the solntion to 
inflltrate the tìssne to reaeh the terminal (dental) nerve branehes 
that enter the roots. By eontrast, the inferior alveolar nerve (CN 
V 3 ) is readily aeeessible and is probably anesthetìzed more fre- 
quently than any other nerve. This proeednre is disenssed in the 
blne box 'Tnferior Alveolar Nerve Bloek” in ehapter 7, p. 927. 


ABDUCENT NERVE 


laerimal and salivary glands. 

A lesion of CN VII near its origin or near the genienlate 
ganglion is aeeompanied by loss of motor, gnstatory (taste), 
and antonomie fnnetions. The motor paralysis of faeial mns- 
eles involves snperior and inferior parts of the faee on the 
ipsilateral side. 

A eentral lesion of CN VII (lesion of the CNS) resnlts in 
paralysis of mnseles in the inferior faee on the eontralateral 
side; consequently, forehead wrinkling is not visibly impaired 
beeanse it is innervated bilaterally. Lesions between the 
genienlate ganglion and the origin of the ehorda tympani 
prodnee the same effeets as that resnlting from injnry near 
the ganglion, except that laerimal seeretion is not affeeted. 
Beeanse it passes throngh the faeial eanal in the temporal 
bone, CN VII is vnlnerable to eompression when a viral infee- 
tion prodnees inflammation (viral nenritis) and swelling of the 
nerve jnst before it emerges from the stylomastoid foramen. 

Beeanse the branehes of CN VII are snperfleial, they are 
snbjeet to injnry from knife and gnnshot wounds, ents, and 
birth injnry. Damage to CN VII is eommon with fraetnre of 
the temporal bone and is nsnally deteetable immediately after 
the injnry. CN VII may also be affeeted by tnmors of the brain 
and eraninm, anenrysms, meningeal infeetions, and herpes 
virnses. Althongh injnries to CN VII eanse paralysis of faeial 
mnseles, sensory loss in the small area of skin on the postero- 
medial snrfaee of the anriele and aronnd the opening of the 
external aeonstie meatns is rare. Similarly, hearing is not nsn- 
ally impaired, bnt the ear may beeome more sensitive to low 
tones when the stapedins (snpplied by CN VII) is paralyzed; 



Beeanse CN VI has a long intradnral eonrse, it is this mnsele dampens vibration of the stapes (see Chapter 7). 


often stretehed when intraeranial pressnre rises. 


Bell palsy is a nnilateral faeial paralysis of sndden onset 


partly beeanse of the sharp bend it makes over the resnlting from a lesion of CN VII. This syndrome is illns- 

erest of the petrons part of the temporal bone after entering trated and disenssed in detail in ehapter 7, p. 861. 
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VESTIBULOCOCHLEAR NERVE 


Injurìes to Vestibulocochlear Nerve 

Although the vestibular and eoehlear nerves are 
essentially independent, peripheral lesions often 
prodnee eonenrrent elinieal effeets because of their 
elose relationship. Henee lesions of CN VIII may cause tinni- 
tus (ringing or bnzzing in ears), vertigo (dizziness, loss of bal- 
anee), and impairment or loss of hearing. Gentral lesions may 
involve either the eoehlear or vestibnlar divisions of CN VIII. 



jngnlar foramen, tnmors in this region prodnee mnltiple era- 
nial nerve palsies, ealled the jngalarforamen syndrome. Pain 
in the distribntion of CN IX may be assoeiated with involve- 
ment of the nerve in a tnmor in the neek. 


Deafness 

There are two kinds of deafness (hearing loss): eon- 
daetive deafness, involving the external or middle ear 
e.g., otitis media, inflammation in the middle ear), 
and sensorinenral deafness, which resnlts from disease in the 
eoehlea or in the pathway from the eoehlea to the brain. 



Glossopharyngeal Nenralgia 

Glossopharyngeal nenralgia (glossopharyngeal tie) 
is nneommon and its cause is unknown. The sudden 
intensifleation of pain is of a bnrning or stabbing 
natnre. These paroxysms of pain are often initiated by swal- 
lowing, protrnding the tongne, talking, or touching the pala- 
tine tonsil (Brannagan et al., 2010). Pain paroxysms oeenr 
during eating when trigger areas are stimnlated. 





VAGUS NERVE 

Isolated lesions of CN X are nneommon. Injnry to pha- 
ryngeal branehes of CN X results in dysphagia (diffi- 
enlty in swallowing). Lesions of the snperior laryngeal 
nerve prodnee anesthesia of the snperior part of the larynx and 
paralysis of the erieothyroid mnsele (see Chapter 8). The voiee 
is weak and tires easily. Injnry of a reenrrent laryngeal nerve 
may be eansed by anenrysms of the areh of the aorta and may 
occur dnring neek operations. Injnry of the reenrrent laryngeal 
nerve eanses hoarseness and dysphonia (diffienlty in speaking) 
beeanse of paralysis of the voeal folds (eords). Paralysis of both 
reenrrent laryngeal nerves eanses aphonia (loss of voiee) and 
inspiratory stridor (a harsh, high pitehed respiratory sonnd). 
Paralysis of reenrrent laryngeal nerves nsnally resnlts from ean- 
eer of the larynx and thyroid gland and/or from injnry dnring 

People with head tranma often experience head- snrgeryonthethyroidgland, neek, esophagus,heart, andlnngs. 
aehe, dizziness, vertigo, and other featnres of post- Beeanse of its longer eonrse, lesions of the left reenrrent laryn- 

tranmatie injnry. Vertigo is a hallneination of geal nerve are more eommon than those of the right. Proximal 

movement involving the person or the environment (Wazen, lesions of CN X also affeet the pharyngeal and snperior laryn- 

2010). It often involves a spinning sensation bnt may be felt geal nerves, eansing diffienlty in swallowing and speaking. 
as a swaying baek and forth or falling. These symptoms, often 

aeeompanied by nansea and vomiting, are nsnally related to SPINAL ACCESSORY NERVE 


Acoustic Neuroma 

An aeonstie nenroma (nenrofibroma) is a slow-grow- 
ing benign tnmor of the nenrolemma (Schwann) 
eells. The tnmor begins in the vestibnlar nerve while 
it is in the internal aeonstie meatns. The early symptom of an 
aeonstie nenroma is nsnally loss of hearing. Dysequilibrium 
(derangement of the sense of equilibrium) and tinnitns oeenr 
in approximately 70% of patients (Brnee et al., 2010). 


Trauma and Vertigo 



a peripheral vestibnlar nerve lesion. 


GLOSSOPHARYNGEAL NERVE 


Lesions of Glossopharyngeal Nerve 

Isolated lesions of CN IX or its nnelei are nneom- 
mon and are not assoeiated with pereeptible disabil- 



Beeanse of its nearly snbentaneons passage throngh 
the posterior eervieal region, iatrogenie (physieian- 
eansed) injnry of CN XI may oeenr dnring snrgieal 
proeednres sneh as lymph node biopsy, eannnlation of the inter- 
nal jngnlar vein, and earotid endartereetomy (see Chapter 8). 



ity (Brannagan et ak, 2010). Taste is absent on the 
posterior third of the tongne, and the gag reflex is absent on 
the side of the lesion. Ipsilateral weakness may prodnee a 
notieeable ehange in swallowing. 


HYPOGLOSSAL NERVE 



Injnry to CN XII paralyzes the ipsilateral half of the 
tongne. After some time, the tongne atrophies, 
making it appear shrnnken and wrinkled. When the 
Injnries of CN IX resnlting from infeetion or tnmors are tongne is protrnded, its apex deviates toward the paralyzed 
nsnally aeeompanied by signs of involvement of adjaeent side beeanse of the nnopposed aetion of the genioglossns 

nerves. Beeanse CN IX, CN X, and CN XI pass throngh the mnsele on the normal side of the tongne (see Chapter 7). 
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regional, 2-3 
stndy approaehes for, 2-4 
snrfaee, 2 

of aeromion, 708 

of ankle, 622-623, 656-657, 658 

of anterolateral abdominal wall, 210-211 

of arm, 739-740 
of axilla, 707-708 
of baek mnseles, 492 
of eervieal region, 1005-1007 
of eoccyx, 452-453, 453 
of enbital fossa, 739-740 
of eyeball, 907-909 
of faee, 859-860 
of foot, 622-623, 656-657, 658 
of forearm, 764, 765-766 
of glnteal region, 578-581 
of great vessels, 161-163 
ofhand, 786-789 
of head, 859 

of heart, 161-163,171-172 
of knee, 656, 653 
of laerimal apparatns, 907-909 
of leg, 603-604 

of Inmbar vertebrae, 452-453, 453 

oflnngs, 120 

of neek, 1005-1007 

of plenra, 120 

of saernm, 452-453, 453 
of spleen, 264 
of stomaeh, 231-232,232 
of thigh, 557-558 
systemie, 3, 3-4 
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Andrology, 4 
Anesthesia 
bloeks 

braehial plexus, 730 
bneeal nerve, 862 

eandal epidnral, 398, 398-399 
eervieal plexus, 1009 
eervieothoraeie ganglion, 1017 
epidnral, 506 
fìbnlar nerve, 625 
greater palatine nerve, 949 
inferior alveolar nerve, 927 
infra-orbital nerve, 862 
intereostal nerve, 97 
lateral eervieal region, 1009 
mandibnlar nerve, 927 
mental nerve, 862 
nasopalatine nerve, 949 
phrenie nerve, 1009 
pndendal nerve, 398 
seiatie nerve, 582 
spinal, 398, 506 
snperfìeial fìbnlar nerve, 625 
snperior laryngeal nerve, 1046 
trigeminal nerve, 1081 

for ehildbirth, 397-399 

dental, 1081 
epidnral 
eandal, 461 
transsaeral, 461 
general, 397 
regional 

for ehildbirth, 397 
of lower limbs, 541 
spinal, 506 
Anenrysms 

abdominal aorta, 319 
aortie areh, 175 
aseending aorta, 175 
axillary artery, 728 
berry, 887 

of eerebellar artery, 1080 

popliteal, 604 
mptnre of, 887 
saeenlar, 887 
Angina peetoris, 156, 950 
Angiography, (see also Arteriograms) 

aortie, 176 ,176 
eardiae, 561 
eoronary, 154 
magnetie resonanee, 180 
Angioplasty, perentaneons translnminal 

eoronary, 157 ,157 

Angle 

aeromial, 674, 680-681, 707, 708 
eostal, 74 
of deelination, 518 

of eye, 892, 892, 908 
of fìexion (of nterns), 385, 386 
of inelination, 517, 518 
inferior, 704 

of seapnla, 76, 681, 708 
infrastemal, 73, 78, 79, 100 ,102 
iridoeorneal, 895 
Inmbosaeral, 440, 451 
of mandible, 823-824, 837, 838, 917, 919, 
1006, 1007 ,1050 


of month, 860 

Q-angle, 634, 661 
of rib, 486 

of seapnla, 676, 708, 708 
sternal, 73, 99, 102,128,1031 
snbeostal, 73, 79 
snbpnbie, 329, 330, 331t 
snperior, 704 
of torsion, 518 
venons, 117, 1015 

left, 44, 99, 101,170, 720,1039,1051 
right, 44, 99, 720,1039 
of Wiberg, 659 
Ankle joint 

artienlar snrfaees of, 647-648 
blood snpply of, 650 
eapsnle of, 648, 649-650 
defìnition of, 609 
dorsifìexion of, 649 
injnries of, 665-666 
ligaments of, 648-649, 652t 
movements of, 649 
nerve snpply of, 650 
plantarfìexion of, 649 
Pott fraetnre-disloeation of, 666 
radiographs of, 648 
retinaenla of, 609 

snrfaee anatomy of, 622-623, 656-657, 658 
Ankylosis, of sternoelavienlar joint, 813 
Anosmia, 1078 
Anoxia, 888 

Ansa eerviealis, 996, 998, 1000, 1077, 1078 
Ansa snbelavia, 1014 
Anterior, 6, 8 

Anterior drawer sign, 663, 663 
Anterograde degeneration, 54 
Anteroposterior projeetions, 126,176 
Antihelix, 967 
Antitragns, 967 

Antmm 

mastoid, 967, 970, 971 
pylorie, 231, 232-233 
Annlns fìbrosns, 464-465, 475 
degeneration of, 474 
Anns, 435 
Aorta, 40 

abdominal, 207, 245, 276, 313, 

325, 370 

anenrysm of, 319 
branehes of, 315 
relations of, 315 
angiograms of, 176 

areh of, 40, 66, 113, 138,146, 163, 163, 167, 
1003,1029 
anenrysm of, 175 
anomalies of, 174 
branehes of, 174 

eompnted tomography of, 179-180 
donble, 174, 174 

lymph nodes oí, 118 

right, 174 

aseending, 94,112,135, 138,143,146, 163, 
163-164 

anenrysm of, 175 
branehes of, 169t 

eompnted tomography of, 179-180 


bifnreation of, 324 
branehes of, 169t 
eoaretation of the, 175 
eompnted tomography of, 323 
deseending, 163,186 
branehes of, 167 

eompnted tomography of, 179-180 
deseending thoraeie, 94,163 
magnetie resonanee imaging of, 324 
pnlsations of, 319 

thoraeie, 93, 94,100,119, 163, 167, 
167-168,177 
branehes of, 168, 169t 
nltrasonnd of, 322 
Apertnre 

diaphragmatie, 308-309 
median, 879, 879-880 
nasal, posterior, 831 
piriform, 823-825, 825 

thoraeie 

inferior, 79, 79 
snperior, 79, 79,128, 1014 

Apex 

of axilla, 713, 714 
of coecyx, 452-453, 453 
of heart, 109, 137, 138,146, 183, 226 
oflung,109, 111,128, 183 
of maxillary sinns, 963 
of nose, 859, 955 
of patella, 557, 639, 656 
of saemm, 451 
of tongne, 940, 950 
of nrinary bladder, 365, 366 
Apex beat, 137, 173 
Aphonia, 1082 

Aponenrosis, aponenroses, 29, 186 
of abdominal wall, 310 
bieipital, 690, 733, 737, 739, 740, 745, 
747, 767 

epieranial, 495t, 495, 843, 844, 845, 

854, 962 

oblique abdominal 

extemal, 188, 189-191, 192-193 
internal, 191, 193 
palatine, 935, 936-937 
palmar, 689, 745, 771-772, 773 
plantar, 610, 611, 615 
of sealp, 844, 845 

transverse (of transverse abdominis), 

189, 484 
trieeps, 735 
Apophyses, 526 
Appendeetomy, 260 
Appendieitis, 259 
Appendix 

of abdomen, (see Appendix, vermiform) 

of epididymis, 215, 215 
epiploie, 370 

lymphatie system of, 249,252 
nerves of, 249, 252 
omental, 246, 248, 253 
retroeeeal, 249, 259 
mptnre of, 259-260 
of testis, 215, 215 
vermiform, 226, 227, 239, 245, 

248-249, 249 
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Aqueduct 

eerebral, 879, 879, 969 
eoehlear, 975 
vestibular, 969, 974, 975 
Araehnoid mater, 47 

eranial, 843, 866, 872, 874 
spinal, 49, 499, 500-501, 500-502 
Areades, arterial, 246 
Areh 

alveolar, of maxillae, 829 
anterior, of eervieal vertebrae, 446 
of aorta, 40, 66, 113, 138,146, 163, 163,167, 
1003,1029 
anemysm of, 175 
anomalies of, 174 
branehes of, 174 

eompnted tomography of, 179-180 
donble, 174, 174 

lymph nodes oí, 118 

right, 174 

of azygos vein, 163, 165,166,171 

eoraeo-aeromial, 798 

earpal 

dorsal, 753, 759-760t,759, 781 
palmar, 759-760t, 759, 778, 781 

eostal, {see Margin, eostal) 
dental, 928 
of foot, 

longitndinal, 524, 654, 656, 658 
transverse, 654, 656 
iliopeetineal, 311, 551 
nenral, 453, 545 

palatoglossal, 935, 935, 937, 940, 950,1034 
palatopharyngeal, 935, 935, 937,1034 

palmar arterial 

deep, 40, 759, 760, 781, 781t, 781, 787 
laeeration of, 790 

snperfìeial, 759, 775, 781, 781t, 781, 787 
wounds to, 792 

plantar arterial, 534, 602, 616-617, 619-620 

posterior 

ofCl,493t, 493 
pnbie, 329, 330, 331t 
snpereiliary, 825, 825, 859, 961 
snperfìeial palmar, 40 
tendinons 

of levator ani, 341, 346 
of pelvie faseia, 345, 346 
of solens, 599, 600, 635 

venons 

deep palmar, 760, 761 
dorsal, 534, 535, 620 
jngnlar, 1000, 1007, 1015 

plantar, 621 
snperfìeial palmar, 761 
vertebral 

eervieal vertebrae, 442, 443, 446, 983 
fraetnres of, 459-460 
joints of, 466 
lamina of, 466 

zygomatie, 823-824, 826, 828, 831, 917, 

952, 962 

Area 

diaphragmatie, 269 
esophageal, 112 

intereondylar, 520, 637, 639 
Kiesselbaeh, 959 


olfaetory, 956 
respiratory, 956, 957 
Areola, 98, 98-99, 103 
Arm, 731-744 
arteries of, 736 
entaneons nerves of, 693 
mnseles of, 731-736, 734t 
nerves of, 737-739 
snrfaee anatomy of, 739-740 
veins of, 737 

Arterial eirele of Willis, (see Girele, eerebral 

arterial) 

Arterial pnlses, 2 
Arteries (in general), 38 
eondneting, 37 
distribnting, 37, 39 
fnnetion of, 37 
small, 39 
submucosal, 230 
types of, 37, 39 

veins and, eomparisons between, 41 
Arteries (named) 
alveolar 

inferior, 922, 934, 962 
snperior, 922, 934 
angnlar, 855, 856t 
appendienlar, 248, 249, 250t, 250 
arenate, 617, 619, 644 

anrienlar 

deep, 922 

posterior, 856t, 1003, 1003 
axillary, 40, 89, 93, 94,101, 699, 715, 715, 

727, 994 

anenrysm of, 728 
branehes of, 715 
eompression of, 728 
oeelnsion of, 726 
right, 1008 

basilar, 503, 868, 882, 884, 885t, 1057 

braehial 

anatomy of, 40,100, 716, 727, 

736, 737 

eompression of, 742 

deep artery of arm, {see Artery, profnnda 
braehii) 

division of, 767, 767 
hnmeral nntrient artery, 736 
braehioeephalie, 164 
right, 101, 720 

bronehial, 94,115, 117, 129, 150, 169t 
left, 117 
right, 117 
bneeal, 922 

earotid 

eommon, 40, 109,163, 167, 959, 982, 999, 

1000. 1016.1021.1026.1035- 1036 
left, 94,138, 163, 163-164,174, 

179-180, 1001, 1003, 1003,1013 
right, 94,164,174,176, 1001, 1003, 

1013 

extemal, 855, 925, 943, 959, 972, 999, 1001, 

1016.1019.1021.1035- 1036,1048 

ligation of, 1009 

internal, 868, 869, 873, 882, 883, 885t, 

919, 953, 959, 971, 1001, 1016,1019, 
1035-1036,1057,1069,1074,1077 
stenosis of, 864 


pnlse taking, 1007,1010 

stenosis of, 888 

eeliae, 266, 316, 322 

eentral, of retina, 895, 897, 905, 906t, 906, 913 

eerebellar 

anenrysm of, 1080 
anterior inferior, 884, 885t 
posterior inferior, 502, 503, 884 
snperior, 868, 884 
eerebral 

anastomoses of, 887 
anterior, 882, 884, 885, 885t 
middle, 882, 884, 885, 885t 
posterior, 503, 882, 884, 885t 
snperior, 503 
eervieal 

aseending, 503,1013-1014 
deep, 503 

transverse, 716, 724, 994, 1013-1014 

eiliary 

anterior, 895, 906t, 906 
long posterior, 895, 905, 906t, 906 
short posterior, 905, 906t, 906 
circumfìex, 196t, 196 
hnmeral, 717t, 718 
seapnlar, 716, 717t, 718 

eolie 


left, 250t, 250, 251, 252 
middle, 250t, 250, 251, 252 
right, 250t, 250, 251 

eollateral, 

middle (medial), 736, 736, 759 
radial, 736, 736, 759 
nlnar, inferior, 736, 736, 759 
snperior, 736, 736, 759 

eommnnieating 

anterior, 884, 885, 885t 
posterior, 882, 884, 885t 
eoronary, 129 
left, 143, 145, 146 
right, 143-144, 145 
variations of, 145 
eremasterie, 207, 207, 370 
erieothyroid, 1030 

eystie, 225, 236t, 236, 237t, 265, 277, 278 

deep 

of arm, {see Arteries (named), profnnda 
braehii) 
of elitoris, 412t 
ofpenis, 353,412t, 422 

of thigh, {see Arteries (named), profnnda 


femoris) 


digital 


dorsal, 617, 620, 644, 778 
plantar, 617, 619, 775, 778, 781 
proper palmar, 781t, 781, 781 


dorsal 

of elitoris, 411, 412t 

of foot, {see Arteries (named), 
dorsalis pedis) 

of penis, 353, 408, 411, 412t, 420, 
422, 422 

dorsalis indieis, 753, 781 
dorsalis pedis, 40, 594t, 594, 616, 619, 
619-620 


pnlse, 625 

dorsalis pollieis, 753, 781 
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Arteries (named) {eontd .) 
of dnetns deferens, 209, 222 
epigastrie 

inferior, 195, 196t, 196, 201, 340, 354, 410, 
555, 561 

snperfìeial, 190, 195, 196t, 196, 555 
snperior, 94, 95, 192, 195, 196t 
epiphysial, 22, 23 
esophageal, 129,169t 
ethmoidal 

anterior, 906t, 906, 959 
posterior, 906t, 906, 959 
faeial, 854, 855, 855, 856t, 943, 999,1003 

eompression of, 863 
pnlse taking, 863 
tonsillar braneh of, 1034 
transverse, 855, 856t, 863, 919 
femoral, 40,190,196, 207, 438, 552, 554, 
555t, 555, 557-558, 571 

eannnlation of, 560 
eireumfìex 

lateral, 351, 555t, 556 
medial, 351, 554, 555t 

eompression of, 560 
deep, {see Arteries (named), profnnda 
femoris) 

laeeration of, 560 
palpation of, 560 
fìbnlar, 602, 644 

eireumfìex, 602, 602 
gastrie 

left, 230, 234, 235, 236t, 236, 240, 276, 

285, 293, 322 

posterior, 228, 234, 235, 236t, 236 
right, 234, 236t, 236, 237t 
short, 234, 235, 236t, 236 
gastrodnodenal, 236, 237t, 240, 241, 245, 
265-266, 267, 277, 278 ,322 

gastro-omental (gastro-epiploie) 

left, 234, 235, 236t, 236 

right, 234, 236, 237t, 240, 245, 266 

genienlar 

deseending, 587, 644 
inferior lateral, 586-587, 594t, 594 
inferior medial, 586-587, 594t, 594, 644 
middle, 587, 644 

snperior lateral, 586-587, 594t, 594, 644 
snperior medial, 586, 587, 587, 594t, 594, 
638, 644 

glnteal 

inferior, 351, 353, 353t, 354, 410, 575-576, 
576t, 576 

snperior, 352t, 354, 355, 567, 575, 576t, 
576 

hepatie, 236t, 236, 240, 272, 276, 322 
aberrant, 284 

eommon, 240, 245, 266, 271, 272 
left, 285 

proper, 240, 272 
relationships of, 284 
right, 277 ,285 

hnmeral, eireumfìex, 718 

ileal, 245, 250t, 250 

ileoeolie, 245, 248, 249, 250t, 250, 251 

iliae 

eireumfìex, 351 


deep, 196t, 196, 354 
snperfìeial, 196t, 196, 555 
eommon, 40, 314, 350, 351, 354, 376 
left, 290, 367 
right, 207, 290, 296 

external, 40,192, 201, 207, 290, 303t, 314, 
340, 347, 351, 354, 363, 370, 376, 

554, 561 

intemal, 40, 207, 303t, 314, 347, 350, 352t, 
354, 358, 376, 384, 555 
ligation of, 361 
posterior division of, 355 
iliolnmbar, 351, 353, 353t, 354, 355, 358 
infra-orbital, 905, 906t, 906, 922, 925, 

953, 962 

intereostal, 93, 164,166 
anterior, 90, 94, 95, 95t, 100 
posterior, 90, 93, 94, 95, 95t, 100, 169t, 
196t, 196, 473, 503 
snperior, 93 
snpreme, 167 
interosseons 

anterior, 759t, 759, 781, 805 
eommon, 759t, 759, 805 
posterior, 753, 759t, 759, 781, 805 
reenrrent, 759t, 759 
intestinal, 250t, 250 
jejnnal, 240, 245, 250t, 250 
juxtaeolie, 251 
labial 

inferior, 855, 856t, 863, 929 
snperior, 855, 856t, 863, 929, 959 
labyrinthine, 884, 885t 
laerimal, 906t, 906 
laryngeal, 1003, 1029-1030 
lingnal, 1003 
deep, 941, 943, 999 
dorsal, 941 

lobar 

middle, 138 
snperior, 138 
Inmbar, 315, 503 

malleolar, lateral, 619 
mammary, internal, {see Arteries (named), 
thoraeie, internal) 

marginal, 251, 253 
left, 145, 146 
masseterie, 922 
maxillary, 921, 963,1003 
branehes of, 922, 972 
mediastinal, 167 

mednllary 

anterior segmental, 504, 504 
posterior segmental, 502, 503, 504 
meningeal 
aeeessory, 922 

middle, 868-869, 871, 875, 906t, 906, 925, 
1057 

branehes of, 871 
mental, 855, 856t, 863 

mesenterie 

inferior, 228, 245, 250t, 250, 265, 290, 
295-296, 303t, 316, 351 
snperior, 228, 240, 241, 242, 244-245, 
250t, 250, 259, 265-266, 267, 276, 
290, 293, 295, 316, 322-323 


metaearpal, palmar, 778, 781 
metaphysial, 23 
metatarsal 

dorsal, 617, 619 
Ist, 619 
2nd, 619 
3rd, 619 
4th, 619 

plantar, 616 

mnsenlophrenie, 94, 95, 129, 131, 196t, 


196, 307 


nasal 


dorsal, 906t, 906 
lateral, 855, 856t, 863 
posterior, 953 


nodal 

atrioventrienlar, 149 
sinn-atrial, 145 
nntrient, 23, 472 

of fìbnla, 602, 602 
hnmeral, 736 
of tibia, 602, 603 

obtnrator, 351, 354, 410, 555t, 556, 627 
aeeessory, 351, 562 
replaeement of, 562 

oeeipital, 831, 855, 856t, 972, 992, 993, 1003, 
1003,1005 

ophthalmie, 895, 905, 906t, 906 
mnsenlar branehes of, 906t, 906 
ovarian, 347, 352t, 355, 358, 382, 384 
ligation of, 361 
palatine 

aseending, 937, 1003 
deseending, 922, 953 
greater, 925, 937, 959 
lesser, 937 
panereatie, 267 
dorsal, 266 
greater, 240, 266 
panereatieodnodenal 

anterior, 240, 266, 267 
inferior, 236, 237t, 240, 241, 266 
posterior, 240, 267, 277, 278 
snperior, 236, 237t, 241, 266, 267 
perforating, 555, 567, 576t, 576, 577, 

616, 753 

perieardiaeophrenie, 131,166, 307 
perineal, 411 

posterior serotal branehes of, 209 
peroneal, {see Arteries (named), fìbnlar) 
periosteal, 23 
pharyngeal, 953, 970, 972 
aseending, 1003, 1003 
phrenie 

inferior, 228, 230, 290, 295, 307 
snperior, 129, 168, 169t, 307 

plantar 

deep, 619 

lateral, 599, 602, 602, 615, 619, 620, 644 
medial, 599, 602, 602, 619, 620 

perforating branehes of, 620 

popliteal, 555, 586-587, 594t, 594, 

602, 644 

prineeps pollieis, 781t, 781, 782 
profnnda braehii, 711, 716, 717t, 727, 732, 
735, 736, 736, 738, 759 
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profnnda femoris, 40, 351, 554, 555t, 571, 
577 

of pterygoid eanal, 922 
pndendal 

extemal, 190, 209, 418, 430 
intemal, 207, 353, 353t, 354, 358, 371, 

384, 389, 412t, 422, 430, 576-577 
pnlmonaiy, 66,112,115 

left, 116, 116,138,146,163,167, 

179-180 
left inferior, 138 
left snperior, 138 

right, 116, 116,138,163, 179-180 

right inferior, 138 
right snperior, 138 
radial, 40, 156, 745, 760, 760t, 775, 

781, 782 
aberrant, 783 

dorsal earpal braneh of, 760, 760t 
mnsenlar branehes of, 760 
palmar earpal braneh of, 760, 760t 
palpation of, 770 
pnlse measnrements, 768, 792 
snperfìeial braneh of, 783 
variations in origin of, 768 

radialis indieis, 775, 778, 781t, 781 

radienlar 

anterior, 503, 504 
posterior, 503, 504, 504 

reetal 

inferior, 250t, 250, 371, 371, 410, 411, 
412t, 413, 421 
median, 351 

middle, 250t, 250, 347, 351, 353, 354, 371, 
371, 413 

snperior, 250t, 250, 352t, 355, 358, 371, 
371, 410, 413 

reenrrent 

anterior tibial, 587, 587, 594 
anterior nlnar, 758, 759t, 759 
interosseons, 759t, 759 
posterior nlnar, 758, 759t, 759 
radial, 759, 760, 760t 
renal, 293 

aeeessory, 296, 298 
left, 207, 276, 295-296, 323 
right, 207, 295, 296, 323 
nreterie braneh of, 295 
retinaenlar, 630 
posterior, 556 
saeral 

lateral, 352t-353t, 354, 355, 358, 503 
median, 315, 352t, 355, 358 

seapnlar 

cirenmfìex, 715 
dorsal, 727, 994, 1015 

serotal 

anterior, 207, 418 
posterior, 412t, 418 
segmental 

of kidney (renal), 295 

of liver (tertiary branehes), 273 

of Inngs (pnlmonary), 116 

sigmoid, 250t, 250, 251 
sphenopalatine, 922, 925, 939, 

953, 959 


spinal 

anterior, 502, 503, 884 
posterior, 502, 504 
splenie, 228, 235, 236t, 236, 240, 264, 
265-266, 267, 276, 322 
sternoeleidomastoid, 999 
snbelavian, 40, 89, 93, 100, 109,131,150, 
166-167, 716, 727, 992, 1003, 1007, 
1014,1021 

branehes of, 995,1003 

groove for, 112 

left, 94,138, 163, 163-164,1003,1013 
right, 163,174,1003,1008,1013 

retro-esophageal, 174 
snbeostal, 94, 95t, 196t, 196, 313 
snbmental, 943, 945, 999-1000 
snbseapnlar, 711, 717-718, 727 
snleal, 502, 504 
snpradnodenal, 240 
snpra-orbital, 855, 856t, 863, 906t, 

906, 958 

snprarenal 

inferior, 295, 296 
middle, 295, 296 
snperior, 295, 296 

snpraseapnlar, 716, 717t, 724, 727, 994, 994, 
1013-1014 

snpratroehlear, 855, 856t, 863, 906t, 906 

tarsal 

lateral, 619, 619, 644 
medial, 619, 644 

temporal, 855, 856t, 919, 922, 966, 968 
snperfìeial, 1003 ,1003 
testienlar, 204, 207, 208t, 209, 210, 290, 296, 
352t, 376-377, 422 
left, 207, 295 
right, 207, 295-296 

thoraeie 

internal, 89-90, 94, 95, 95t, 131, 

162-164,166,192, 195, 727, 
1013-1014, 1015 
lateral, 100, 699, 711, 717 
snperior, 715, 716, 717t, 727 
thoraeo-abdominal, 715 
thoraeo-aeromial, 716, 717t, 727 
thoraeodorsal, 716, 717t, 727 
thyroeervieal, 727 
thyroid 

inferior, 716, 717t, 727,1003,1013-1014, 
1015, 1019, 1020, 1029,1035-1036, 
1038,1040 

snperior, 999, 1003, 1003,1005, 1018, 
1019 

thyroid ima, 174, 1040,1045 

tibial 

anterior, 40, 587, 590, 594, 594t, 594, 602, 
617, 619, 644 

anterior reenrrent, 587, 587, 594 
posterior, 587, 594t, 594, 602, 602, 

616-617, 619, 644 
tonsillar, 1003 
tympanie, anterior, 922 

nlnar, 40, 737, 746, 757-758, 758, 759t, 759, 
760, 775, 781, 781-782 
dorsal braneh of, 783 
snperfìeial, 767-768 


nlnar eollateral, 716, 717t 
inferior, 736, 736, 759 
snperior, 736, 736, 759 
nmbilieal, 350, 352t, 410 
obliterated, 208t, 370 
nterine, 347, 351, 351, 352t, 354, 
384, 389 

ligation-related injnry to, 361 

vaginal, 351, 351, 353, 354, 389 
vertebral, 447, 469, 493t, 493, 

503, 716, 727, 868, 871, 882, 
884, 885t, 1013-1014,1016, 
1026,1057 

eervieal part of, 1015 
eranial part of, 1015 
snboeeipital part of, 1015 
vertebral part of, 1015 
vesieal, 296 

inferior, 351, 352t, 354, 376, 410 
snperior, 347, 352t, 354, 410 
vitelline, 259 

zygomatieofaeial, 906t, 906 
zygomatieotemporal, 906t, 906 
Arteries (of organs or regions) 
of abdominal wall 
anterolateral, 195 
posterior, 313-316 
of alimentary traet, 227, 228 
of anal eanal, 413 
of arm, 736 
of bile dnet, 277-278 
of brain, 882-883 
of breasts, 99 ,100 
of eeenm, 249, 250t 

of eervieal region 

anterior, 1001-1004 
lateral, 992, 994-995 
of diaphragm, 307, 307 
to dnetns deferens, 352t, 376, 

377, 410 

of dnodennm, 241 
of dnra mater, 871 
of ejaenlatory dnets, 377 
of faee, 855-858 
of foot, 617, 619, 619-620 

sole of, 620 

of forearm, 736, 757-760 
fnnetional terminal, 41 
of glnteal region, 575-577, 576t, 
576 

gonadal, 352t 

of hand, 779, 781t, 781, 781-782 
of hip joint, 632 
of kidneys, 295,295 
ofknee joint, 602, 642-643 
of large intestine, 245 
of larynx, 1029-1030 
of leg 

anterior eompartment, 594 
posterior eompartment, 602-603 
of liver, 272 
oflnngs, 116 
to mnseles, 34-35 
of nose, 959, 959 

of panereas, 266 
of penis, 420-422 
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Arteries (of organs or regions) (eontd.) 
of perieardinm, 129 
of pharynx, 1038 
of plenrae, 116 
of popliteal faseia, 587 
of prostate gland, 379 
of reetnm, 371 
of root of neek, 1014-1015 
of sealp, 863 

to seiatie nerve, 575-576 
of serotnm, 418 
of seminal glands, 377 
of small intestine, 245 
of sole of foot, 620 

of spinal eord, 501-504, 503 
of spinal nerve roots, 501-504 
of stomaeh, 234, 236t 
of snprarenal glands, 295,295 
of teeth, 934 
of thoraeie wall, 93, 95 
of thyroid gland, 1018 
of tibiofìbnlar joint, 646 
of tongne, 941, 943, 943 
of nreters, 363 
of nrethra 
female, 368 
male, 368, 418 
of nrinary bladder, 366-367 
of nterns, 384, 388 
of vagina, 389 

of vertebral eolnmn, 472-473 
of vnlva, 430 
of wrist, 759t, 759 

Arteriograms 
aortie, 176 
axillary, 716 
earotid, 884 
eoronary, 154 
popliteal, 595 
snperior mesenterie, 251 
of wrist and hand, 782 
Arterioles, 37, 39 
Arterioselerosis, 42, 496 
Arteriosns 

eonns, 139, 140, 179 
trnnens, 153 
Arthritis 

defìnition of, 29 
osteoarthritis, 29, 480 
temporomandibnlar joint, 927 
Arthrology, 3 
Arthroseopy, 29 

ofknee joint, 664, 664 
Arthrosis, 661 
Artienlar system, 3 
Artienlations 

femoropatellar, 634 
femorotibial, 634 
ofknee joint, 634 
taloernral {see Ankle joint) 

Aseites, 223-224 

Aspiration 

of foreign bodies, 123,1044-1045 
of knee joint, 664 
Aspiration pnenmonia, 985 
Asterion, 828t 
Astroeytes, 46 


Ateleetasis, 120,122, 124 
Atheroma, 42 
Atheroselerosis, 42,156 
Atheroselerotie plaque, 888 

Atlas (C2), 27, 441, 445, 446, 454, 957, 984, 

1031 

disloeation of, 458-459 
fraetnre of, 458-459 
Atrial fìbrillation, 159 
Atrial septal defeets, 152 
Atrinm/atria, of heart 

left, 135, 135,138,143, 151 ,177 
thrombi on, 151 

right, 135,138, 138-139,177, 179-180 

embryology of, 151 
physiology of, 142 
radiographie appearanee of, 66 

Anditory ossieles, 966, 967, 970, 970-973 
Anriele, 966-967 
left, 66, 138, 151 
right, 138, 151 

Ansenltation 

of heart, 173 
of Inngs, 113 
triangle of, 700, 710 
Avasenlar epidermis, 12 
Avasenlar neerosis, 25 
of femoral head, 660 
of Innate, 817 
Axilla, 713-730 
fìoor of, 689 

walls of, 689, 713-715, 714, 718, 733 
Axis (Cl), 27, 441, 454, 957, 984 
eharaeteristies of, 446, 446t 
dens of, 447, 469,1022 
fraetnre of, 459-460 
Axis (pelvie), 328, 338, 339 
Axon, 46, 46-47, 49 

B 

Babinski sign, 625 
Baek, 439-507 
mnseles of, 482-496 
extrinsie, 482, 483 
intrinsie, 482 

deep layer of, 485, 487, 488 
intermediate layer of, 484, 485, 486 
snperfìeial layer of, 484, 485 
spasm of, 496 
snrfaee anatomy of, 492 
overview of, 440 
sprain of, 495 
strain of, 495 
vertebrae (see Vertebrae) 
vertebral eolnmn {see Vertebral eolnmn) 
Baek pain, 480 
loealized, 480 
low, 480 
Band 

longitndinal, 468, 469 
myoeardial, ventrienlar, 136 
navienlar, 649 

Bar, eostotransverse, 455, 983 
Bare areas, 220 
Bartholinitis, 433 
Base 

of axilla, 713, 714 


of brain, 884 

eranial, 447, 822, 830-835, 869,1057 
fraetnres of, 876 
of heart, 137, 137 
oflnng, 113 
of maxillary sinns, 963 
of metaearpals, 680 

of patella, 557, 639 
of saernm, 451 
Baseball fìnger, 766 
Basi-oeeipnt, 831 
Bed 

bladder, 366 
of breast, 98 
eapillary, 37, 39 
parotid, 915 
of stomaeh, 232, 235 
tonsillar, 1034, 1035 
Bilateral, 7 
Bile, 268, 275 
Bile eanalienli, 277 
Biopsy 

of liver, 286 

mediastinal, 133 
splenie, 282 
sternal, 85 
Bipedalism, 659 

Bitemporal hemianopsia, 1080 ,1080 
Bladder nrinary, 364, 435, 437 
apex of, 366 
arteries of, 366-367 
body of, 366 
in ehildren, 364 
eystoeele, 373 
eystoseopy of, 374, 374 
fnndns of, 365, 366 
in infants, 364 

innervation of, 367, 367-368 
interior of, 369 
ligaments of, 

lateral, 346, 347 
pnbovesieal, 345 
lymphatie system of, 400 
mietnrition, 366 
neek of, 366 
rnptnre of, 373 
snrfaees of, 366, 366b 
trigone of, 366 
nvnla of, 366 
walls of, 366 
Bloek (anesthetie) 
braehial plexus, 730 
bneeal nerve, 862 

eandal epidnral, 398, 398-399 
eervieal plexus, 1009 
eervieothoraeie ganglion, 1017 
epidnral, 506 
fìbnlar nerve, 625 
greater palatine nerve, 949 
inferior alveolar nerve, 927 
infra-orbital nerve, 862 
intereostal nerve, 97 
lateral eervieal region, 1009 
mandibnlar nerve, 927 
mental nerve, 862 
nasopalatine nerve, 949 
phrenie nerve, 1009 
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pudendal nerve, 398 
seiatie nerve, 582 
spinal, 398, 506 
snperfìeial fìbnlar nerve, 625 
snperior laryngeal nerve, 1046 
trigeminal nerve, 1081 
Bloek (pathologieal) 
bnndle braneh, 158 
heart, 157 

Blood vessels {see also Arteries; Vein[s]) 
of abdominal wall 
anterolateral, 195 
posterior, 313-316 
of ankle joint, 650 
of elbow joint, 804 
of femoral neek, 632 
of hip joint, 632 
of knee joint, 642-643 
of liver, 272 

of posterior mediastinnm, 169-170 
of stomaeh, 234 
of wrist, 809 
Body 

anoeoeeygeal, 342, 342 
of bone, 20 

earotid, 1000, 1001, 1010 
eiliary, 896 
of elitoris, 430 
of eorpns eallosnm, 880 
of epididymis, 210, 215 
fat, of isehio-anal fossa, 411 
of gallbladder, 278 
genienlate, lateral, 1061, 1063 
of hyoid, 984 
of ilinm, 328, 329 
of isehinm, 328, 516 

layer-based organization of, 2 
of Inmbar vertebra, 291 
of mandible, 827 
of panereas, 235, 266-267 
parts of, 3, 6-7 
of penis, 419 

perineal, 342, 389, 414, 421, 424t, 428 
pineal, 879-880 
of pnbis, 328, 516, 520 
of ribs, 74, 75 
of seapnla, 675 
of sphenoid, 870, 889,1032 
of stemnm, 73, 78-79, 100, 128, 698 
of stomaeh, 231 ,233 
talar, 522 
of talns, 523 
of tongne, 940 
of nrinary bladder, 366 
of ntems, 383, 385, 437 
vertebral, 26, 466^67, 480 ,1026 
eervieal vertebrae, 445, 447 
eompnted tomography of, 323 
joints of, 464-465 
Inmbar vertebrae, 450 
magnetie resonanee imaging of, 324 
thoraeie vertebrae, 179, 448t 
vitreons, 895, 898 
Bone grafts, 529 
Bone(s) (in general) 
aeeessory, 23 

age-related ehanges in, 19 


atrophy of, 23 
elassifìeation of, 19-20 
eompaet, 19, 20, 835 

development of, 22 
fìat, 20 

fnnetion of, 19 
growth of, 24 
heterotopie, 23 
hypertrophy of, 23 
innervation of, 22-23 
irregnlar, 20 

long, 19, 22-23 
osteoporotie, 24 
pnenmatized, 824 
remodeling of, 23 
rider’s, 23 

sesamoid, 23, 523, 525, 601, 615, 656, 658, 779 
fraetnre of, 531 
short, 19 
spongy, 19, 443 
snpemnmerary, 23 
sntnral, 23 
tranma to, 23-24 
vasenlatnre of, 22-23 
Bone markings, 20-21 
Bone marrow, 75 
Bone(s) (named) 
earpal, 674, 745 

general images of, 20 

ethmoid, 824, 891 
frontal, 822, 823-824 
hip, 510, 514, 514-516 

anatomieal position of, 516 
in ehildren, 328 
fraetnres of, 526 

ilinm 

anatomy of, 328, 329, 512, 514, 514, 516 
magnetie resonanee imaging of, 324 
in infants, 328 
injnries of, 526 

isehinm 

anatomy of, 328, 513, 516 
body of, 328 
left, 328 

pnbertal fnsion of, 328 
pnbis, 328, 428, 516 
right, 328 

hyoid, 20, 850, 935, 945, 982, 984, 998,1005, 
1024,1033, 1039 
fraetnre of, 985 
laerimal, 823-824, 826, 889 
nasal, 823-824 

oeeipital, 493t, 493, 495t, 495, 823, 829, 831, 
869, 986,1032 

palatine, 823, 831, 936, 951, 952,1033 
parietal, 823, 829, 869 
pnbie, 437, 520 

sesamoid, 20, 523, 525, 601, 615, 656, 779 
fraetnre of, 531 
sphenoid, 823-824, 830 
tarsal, 20 

temporal, 823, 829 
fraetnre of, 863 

petrons part of, 831, 869, 969, 1071 
squamous part of, 831, 869, 969,1071 
tibia, 20, 510, 520-521 


border of, 520, 521, 604 
fraetnres of, 527-528 
fnnetions of, 520 
general images of, 17 

right, 521 

shaft of, 520, 521, 604 
snrfaee anatomy of, 522 

zygomatie, 823, 824-825, 825, 831, 917 

Bone(s) (of regions) 

of foot, 522-524 
of forearm, 677-679 
of hand, 679, 679-680, 771, 807 
of knee joint, 634 
of lower limb, 511-525 
deseription of, 511-525 
snrfaee anatomy of, 519-520 
of neek, 982-984 
of pelvie girdle, 328-330 
of upper limb, 673-683 
of wrist, 679-680, 807 

Border 

axillary, 675 
of heart, 138 ,138 
interosseons, 521, 679 
of lungs 

anterior, 112, 113 
inferior, 112, 113 
left, 113 
posterior, 113 
right, 113 

of mandible, 823-824 
of seapula, 675 
of spleen, 263 
snperior, of mannbrinm, 79 
of tibia, 604 
of nlna, 674, 682 
vermilion, 859 
vertebral, 675 
Bow stringing, 18 
Brain, 48, 878-880 
arteries of, 882-883 
base of, 884 
infaretion of, 888 

parts of, 878 
ventrieles of 

Ist, 878 
2nd, 878 

3rd, 866, 879, 879-880, 886 

4th, 866, 879, 879-880, 886,1022,1056 

lateral, 880, 886 
Brainstem, 496, 879 
Branehes 
abdominal 
anterior, 190 
lateral, 190 
of aorta, 169t 
of aortie areh, 174 

atrioventrieular nodal, 145, 146, 147t 
of axillary artery, 715 
of bronehial artery, 169t 
eireumfìex 

of left eoronary artery, 145 ,146 
of snbseapnlar artery, 711 
of eoronary arteries 

left, 145, 146, 147t 
right, 145, 146, 147t 

entaneons 

of eervieal plexus, 996 
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Branehes {eontd.) 
lateral, 194t, 537 
of median nerve, 762t, 762 
of obtnrator nerve, 537 
of posterior rami, 483 
of snbeostal nerve, 537 
of snral nerve, 621 

of thoraeo-abdominal nerves, 194-195 
of nlnar nerve, 775 
of entaneons nerve, lateral (of arm) 
anterior branehes, 91 
posterior branehes, 91 
of deseending aorta, 167 
of esophageal arteiy, 169t 
of faeial arteiy, 1034 
of faeial nerve, 853-855 

gastrie 

anterior, 231 
posterior, 231 

of genitofemoral nerve, 207, 209, 419 
of hypoglossal nerve, 1077, 1078 
of ileoeolie arteiy, 248 
of intereostal nerve, 93,112 
of internal thoraeie arteries, 161 
interventrienlar 

anterior, 145 ,146 
posterior, 146, 147t 

intraventrienlar, of left eoronaiy arteiy, 145 ,146 

malleolar, of fìbnlar arteiy, 602 

mammaiy, 100 

of mandibnlar nerve, 1067t 

marginal, right, 145, 146, 147t 

of maxillaiy arteiy, 922 

of maxillaiy nerve, 1067t 

of median nerve, 761, 733, 784t, 784 

mediastinal, anterior, 161 
meningeal, of spinal nerves, 473 
of mnsenlophrenie arteiy, 131 
of ophthalmie nerve, 1067t 
perieardial, 167 
of perineal nerve, 411 
of phrenie arteiy, 169t 
of posterior intereostal arteries, 100 
pnbie, of obtnrator arteiy, 351 
saeral, 315 

sinn-atrial nodal, 145, 146, 147t 
spinal, 472 
of spinal nerve, 473 
of snral nerve, 53 
ealeaneal, 53 
of thoraeie aorta, 168 
of thoraeie spinal arteries, 194-195 
of thoraeo-abdominal nerve, 194 
of tibial nerve, 53 
of tibial nerves, ealeaneal, 53 
of nlnar nerve, 775, 785t 
of nterine arteiy, 384 
of vaginal arteiy, 353 
ofvagns nerve(s) (named), 1076 
Breast(s) 93, 98-106, 100-103 
alveoli of, 98 
amastia, 106 

areola of, 93, 98-99 ,103 
arteries of, 99 ,100 
ax illaiy tail of, 98, 93 ,103 
eareinoma (eaneer) of, 104, 105 
in men, 106 


ehanges in, 104 

eompnted tomography of, 177 

female, 98-99 

gyneeomastia of, 106 
lymphatie drainage of, 99 ,101 
mammary glands in, 98, 93 
nerves of, 99 
nipple of, 93, 99,103 
polymastia, 105-106 
polythelia, 105-106 
pregnaney-related ehanges in, 98 
pnbertal development of, 98 
quadrants of, 104 ,104 
snpernnmerary, 105-106 
snrfaee anatomy of, 103-104, 106 
snrgieal ineisions in, 105 
vasenlatnre of, 99,100 
veins of, 99,100 
Breast-eonserving snrgery, 105 
Bregma, 823, 828t, 829 
Brim, pelvie, 330, 328 
Bronehioles, 116 

eondneting, 116, 116 
respiratory, 116, 116 

terminal, 115, 116 
Bronehodilators, 118 
Bronehoseopy, 123 ,124 
Bronehns/bronehi 
earina of, 123 ,124 
foreign body aspiration in, 123 
lobar, 115 

inferior, 112 
middle, 112 
snperior, 112,114 
main 

left, 114,114-115, 179 
right, 114, 114, 124, 179 
right lower lobe, 114 
segmental, 114, 115 
Bnd 

periosteal, 22 

taste, 940 
tooth, 932 
Bnlb 

jngnlar, 1036 

olfaetoiy, 850,884, 960, 960, 1056, 1056-1057, 
1062 

of penis, 369, 376, 412t 
of vestibnle, 430 
Bnll rider’s thnmb, 817 
Bnlla, ethmoidal, 957, 959, 961 
Bnndle 

atrioventrienlar, 137, 146, 149,149 
right braneh of, 141-142 
left, 149 
right, 149 
Bnnion, 667 
Bnrns, 15-16 
Bursa(e) 

of aneonens, 804 
anserine, 646t, 646 
bieipitoradial, 804 
ealeaneal, 597t, 597-598 

defìnition of, 18 

gastroenemins, 640, 646t, 646 
glenohnmeral joint, 799 
glnteal, 566, 567 


glnteofemoral, 566, 567 
infrapatellar, 645, 646t, 646 
isehial, 566 

knee joint, 643, 645, 646t, 646 
obtnrator, 569 
oleeranon, 802, 804 
omental, 217, 221-222, 221-222, 259 
popliteal, 601, 640, 646, 646t, 646 
prepatellar, 548, 637, 645, 646t, 646 
retromammary, 98 
semimembranosns, 640, 646t, 646 
snbaeromial, 800 
snbentaneons, 18 

snbdeltoid, 798, 800 
snbfaseial, 17 
snbseapnlar, 798, 800 
snbtendinons, 17 

snprapatellar, 548, 635, 645, 646t, 646 
troehanterie, 566 
Bnrsitis 

ealeaneal, 607 
elbow joint, 815-816, 816 
frietion, 581 
infrapatellar, 665 
isehial, 581 
prepatellar, 664-665 
snbaeromial, 813 
snprapatellar, 665 
troehanterie, 581 
Bnttresses, of eraninm, 836, 336 
frontonasal, 836 
lateral orbital margin, 836 

e 

Gage, thoraeie, 72, 73, 184,186 
fìexibility of, 74 
fnnetions of, 74 
shape of, 74 
Galeaneal spnr, 624 
Galeanens, 513, 523, 524 
bnrsa of, 597t, 597-598 
fraetnres of, 529, 530 
tendinitis of, 606-607 

tendons of 

anatomy of, 34, 592, 596-597, 597t, 601, 
604, 649, 653 
refìex, 607 
mptnred, 607 
tnberosity of, 523, 524, 597 

Galeitonin, 1018 
Galenli 
renal, 300 
nreterie, 300, 373 
Galenlns, 950 
Gallns, 667 
Galvaria, 21, 822, 838 
molding of, 840 
Galyees 

major, 292, 293 
minor, 292, 293 
Canal(s) 

addnetor, 551, 556, 556, 558 

anal 

anatomy of, 239, 365, 371, 436, 433 
anoreetal fìexure of, 370 
arteries of, 413 
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defìnition of, 411 
innervation of, 414 
veins of, 413-414 
anditoiy, extemal, 952 
birth, 385, 388 
earotid, 831, 831 

eentral, 880 

eervieal, 383, 385, 389, 437 
cervieo-axillary, 713, 720 
eondylar, 829, 833t 
femoral, 552, 553-554 
gastrie, 233 

Gnyon (nlnar), 761, 763, 792 
hypoglossal, 829, 831, 833t, 835, 1075 
ineisive, 960 

ingninal, 191-192, 203-206, 204 
bonndaries of, 204t 
development of, 205-206, 205-206 

in females, 206 
in males, 205 

intra-abdominal pressnre effeets on, 205-206 
ofNnek, 212 
obtnrator, 341, 357, 516 
optie, 831-832, 833t, 870, 889, 891, 1061 
palatine, 961 
pelvie, 335 

perieardioperitoneal, 108 

pterygoid, 832, 850, 893, 922, 951, 953, 961, 
970 ,1069 

pndendal, 342, 402, 407, 410, 421 
pnlp, 934, 934 
pylorie, 231, 233 
root, 934, 934 
saeral, 398, 451, 452, 461 
semieirenlar, 966, 970, 974, 975 ,1071 
spiral, of eoehlea, 975, 1071 
nlnar, 761, 763, 792 
vertebral, 324, 441, 475, 497 
eontents of, 496-506 
Ganalienli, laerimal, 892, 893 
Ganeer (see also Gareinoma) 

eervieal, 395 
esophageal, 1049 
laryngeal, 1046 
Inng, 125 
metastasis of, 45 
panereatie, 283, 318 
serotal, 215 
spread of, 45 
testienlar, 215 
nterine, 211-212 
Gapillaries 

arrangement of, 41 
eharaeteristies of, 41-42 
lymphatie, 43 
periosteal, 22 
walls of, 42 

Gapitate, 679, 680, 690, 791, 807 
Gapitnlnm, 20, 676 

of hnmems, 20 ,21 
Gapsnle 

of aeromioelavienlar joint, 795, 796 
of ankle joint, 648, 649-650 
of atlanto-oeeipital joint, 467, 469 
of erieothyroid joint, 1024 
of elbow joint, 800 

of glenohnmeral joint, 796-798, 799, 854 


Glisson (hepatie), 276, 276 
ofhip joint, 627, 630 

of interearpal joints, 810 

joint, 26, 81, 466 

of knee joint, 586, 635, 636, 637 

of lens, 897 

ofliver, 271, 276,276 

otie, 973 

pararenal fat, 291 

perinephrie fat, 291 

of prostate, 377 

of spleen, 264 

of sternoelavienlar joint, 793, 794 
of temporomandibnlar joint, 919 
of thyroid gland, 1018 ,1019 
of wrist, 809 
Gapnt mednsae, 288 
Gareinoma (see also Ganeer) 

breast, 104-105 ,105 
bronehogenie, 123,125 
defìnition of, 45 
lingnal, 950 

lymphogenons spread of, 45 
squamous eell, of lip, 864 
stomaeh, 255 
Gardiae arrest, 159 
Gardiae eatheterization, 151 
Gardiae eyele, 135, 136, 148 
Gardiae tamponade, 133-134 
Gardiology, 3 

Gardiopnlmonary resnseitation, 159 
Gardiovasenlar system, 37, 40 
arteries (see Arteries) 
eapillaries (see Gapillaries) 
defìnition of, 3 
snmmary of, 43 
veins (see Vein[s]) 

Garies, dental, 947 
Garotid endartereetomy, 1010 
Garpal bones, 674, 745 
general images of, 20 
Garpal tnnnel syndrome, 767, 790, 817 
Garpns, 20 

Gartilage (in general), 20, 22 
age-related ehanges in, 20 

artienlar, 19, 23, 26, 627, 799 

fnnetions of, 20 

triradiate, 328, 329, 514, 514 
Gartilage (named) 
alar, 955 

arytenoid, 1023, 1024-1025,1027 
eornienlate, 1023, 1024-1025,1044 
eostal, 20, 73, 74, 76, 79, 88,163, 179, 190, 
223, 306, 324, 1002t, 1002 
erieoid, 229, 1020, 1023, 1026,1031-1033, 
1039 ,1050 

enneiform, 1023, 1024-1025 
epiglottie, 1023, 1024-1025 
fìbroeartilage, 984 
hyaline, 114 
nasal, lateral, 961 
se ptal, 955 
sesamoid, 961 

thyroid, 982, 984,1003, 1023, 1024-1026, 
1041 

traeheal, 1024, 1030 
tritieeal, 1024 


Garnnele 

hymenal, 428, 430 
laerimal, 892, 909 
snblingnal, 940, 941, 950 
Gatabolie, 64 
Gataraets, 911 
Gatheterization 
right eardiae, 1008 
nrethral, in males, 425-426 
Ganda eqmna, 441, 451, 452, 475, 497, 499, 503 
Gandal, 6, 8 

Gandal epidnral anesthesia, 461 
Gave, trigeminal, 1056, 1059 
Gavity 

abdominal, 328, 339 
defìnition of, 184 
regions of, 184 ,185 
abdominopelvie, 184, 339 
artienlar, 25 

of nneovertebral joints, 465 
eranial, 835-836 
of epididymis, 209 
glenoid, 676, 798 
infraglottie, 1023, 1025-1026 

joint, 26 
laryngeal, 1023 

mednllary, of bone, 20 

nasal, 935, 956, 956, 958, 960 
oral, 937, 1033-1034, (see also Speeifie 
anatomy ) 
parts of, 928 
proper, 928, 935 
pelvie, 184, 338-349, 339 
fìoor of, 339-343 
walls of, 338-339, 340, 341t 
perieardial, 129, 129,1031 
peritoneal, 217-225, 343, 365 
abseess formation in, 225 
embryology of, 218-219 
shape of, 218 

snbdivisions of, 221-223, 222-223 
plenral, 107, 108, 1031 
left, 324 


pneumothorax, 120-121 

primordial, 129 
right, 324 

thoraeotomy into, 83-84, 84 
pnlmonary, 106 
base oí, 110 

lining of, 107, 108 
pnlp, 934, 934 
thoraeie, 72, 339 

ehanges in dimension with 
respiration, 83 

eompartments of, 106-108 ,107 
viseera of, 106-180 

tympanie, 966, 967, 970, 971 
nterine, 437 

Geenm, 183, 226, 239, 247-249 
arteries of, 249, 250t 
lymphatie system of, 249 
nerves of, 249, 252 
snbhepatie, 260 
Gell(s) 
aeinar, 265 
astroeytes, 46 
ehromaffìn, 294 
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Cell(s) (eontd.) 
ethmoidal 

anterior, 960 , 961 
middle, 957, 960 , 961 
posterior, 957, 960 , 961 

ganglion 

parasympathetie, 118 
sympathetie, 118 
hair, in maenlae, 975 
of Hensen, 976 
mastoid, 1073 
mitral, 1056 , 1062 
nenral erest, 294 
nenrons, 46, 47, 57 
satellite, 35-36, 46 
Sehwann, 46, 49 
Gement, 932, 934 
Gentral nervons system, 3 , 46-47 
Gephalhematoma, 861 
Gerebellnm, 866, 878 , 1022 
Gerebral embolism, 887 
Gerebrovasenlar aeeidents, 153, 887 
Gerebrnm, 878 
eonenssion, 885 
eontnsions, 886 
laeerations to, 886 
Gernmen, 967 
Gervieal dystonia, 1008 
Cervix, of ntems, 383, 385 , 386 
eaneer of, 395 
examination of, 395 
ligaments of, 346, 347 

size in proportion to body of ntems, 393-394, 
394 

nltrasonnd image of, 387 
ehalazia, 910 
ehambers 

of eyeball, anterior, 912 
ofheart, 135-136 
eheeks, 929-930 
mnseles of, 844-847 
ehemosis, 876 
ehest, 72, (see also Thorax) 
wall of {see Thorax, wall of) 
ehest pain, 83 
ehest tnbe, 121-122 
ehiasm 

optie, 880, 1061 , 1063 
tendinons, 779 

ehildbirth, anesthesia for, 397-399 

ehildren 

eongenital disloeation of hip joint in, 660 
femoral head neerosis in, 660 

ehoanae, 831, 938,1032 
eholeeysteetomy, 225, 287-288 

eholeeystokinin, 280 
ehondroblasts, 22 
ehondromalaeia patellae, 558-559 
ehorda tympani, 925,1069 
ehordae tendineae, 140 
ehoroid, 894 , 895 

ehronie tranmatie eneephalopathy, 886 
ehyle eistern, (see Cisterna ehyli) 

Chylothorax, 176 
ehyme, 230 

Cilia, olfaetory, 1054 , 1062 


eineradiography, 151 

eirele, eerebral arterial (of Willis), 883 , 884-885 
variations of, 887 
eirenlation 

of eerebrospinal flnid, 881 

eollateral, 39 , 726 
eoronary eollateral, 145 
pnlmonary, 37 , 38 ,116 
systemie, 37 , 38 
eirenlatory system, 3 
fnnetions of, 37 

eirenmeision 

female, 432 
male, 426-427 

eirenmdnetion, iO, 11 

eirrhosis of liver, 254, 284-285, 417 

eistem 

ambient, 881 

eerebellomednllary, 880 , 880, 957 
ehiasmatie, 880, 881 
ehyle, {see Cistema ehyli) 
interpednnenlar, 880, 881 

Inmbar, 475, 497, 498, 501 

pontoeerebellar, 880, 881 
quadrigeminal, 880, 881 
snbaraehnoid, 880 

eisterna ehyli, 44, 45, 169 , 207, 316 ,1051 

eisterna magna, {see Cistem, 

eerebellomednllary) 
eisternal pnnetnre, 886 

elaviele, 20, 27, 73,119,183, 672, 673-674, 

675, 1007, 1008,1050 
fraetnre of, 684 
ossifleation of, 684 
radiographie appearanee of, 66 
snrfaee anatomy of, 99, 102, 707 
variations of, 683 
Claw hand, 730 
Claw toes, 667 

eleavage lines {see Tension lines of skin) 
eleft 

glnteal, 438, 510 

interglnteal, 403, 436, 453 , 453, 492, 510, 563 
intermammary, 100 , 101, 103 
natal, {see Interglnteal) 
pndendal, 429 
of stemnm, 85, 100 
eleft lip, 946, 946 
eleft palate, 949 
elinieal anatomy, 3 

elitoris, 336, 403, 406, 430 
elivns, 329, 834, 835, 882 

elnbfoot, 668 

Coeeyx, 20, 328-329, 333, 403, 435, 437, 

451-452 
injnry of, 461 

snrfaee anatomy of, 452-453, 453 
tip of, 340, 567 
eoehlea, 969, 975 , 976,1071 

Coelom, intraembryonie, 218 
Coleetomy, 260 
Coli, teniae, 246 , 248 
Colie 

biliary, 287 
nreterie, 300 
Colitis, 260 

Collar of eallns, 23-24 ,24 
Collateral eirenlation, 39 


Colon 249 , 251-253, {see also Intestine[s]; 

Reetnm) 

aseending, 183, 226, 232, 239, 248, 249 
deseending, 183, 221, 226, 239, 248, 293, 302 
sigmoid, 183, 226, 239, 248, 253 , 261, 365, 
370, 410 

transverse, 133, 220-221, 226, 233, 239, 251 , 
269, 286 

Colonoseopy, 260-261, 261 
Colostomy, 260 
Colostmm, 104 
Column 

anal, 411, 413-414 
intermediolateral eell, 58 
vertebral, 440, 441, 464-482 
arteries of, 472-473 

enrvatnres of 

abnormal, 480-482, 481 
normal, 470-472, 481 
flexibility of, 440 
flexion of, 470 
hyperflexion injnry of, 478 
joints of, 464-469 
ligaments of, 465, 473 
movements of, 470 
nerves of, 473-474 
regions of, 441 
rotation of, 470 
vasenlatnre of, 472-473 
veins of, 472, 472-473 

Commissures 
anterior, 879 
labial, 846, 860 
anterior, 428, 429 
posterior, 428, 429 
palpebral 

lateral, 891 , 892 
medial, 891 , 892 
Compact bone, 19 , 20, 835 
Compartments 
addnetor, 773 

of arm, 688 

of femoral sheath, 553 
of forearm, 744-746, 745, 746, 753 

anterior eompartment mnseles, 746-750, 
748-749t, 748 

posterior eompartment mnseles, 750-757, 
751-752t, 751, 753 
hypothenar, 773 , 774 
infraeolie, 221 
infratentorial, 867 
of leg 

anterior (dorsiflexor), 533, 571, 588 
artery in, 594 
mnseles of, 589, 592 
nerve of, 592, 593t, 593 
infeetions, 605 

lateral (evertor), 533, 591t, 595-596 
blood vessels in, 596 
mnseles in, 595-596 
nerves in, 596 
medial, 533, 571 

posterior (plantar flexor), 533, 571, 588, 
597, 599 

arteries in, 602-603 

mnseles of, 596-602, 597t-598t, 600-602 

nerves in, 602 
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of palm of hand, 773, 774 

of sole of foot 
eentral, 610 
dorsal, 610 
interosseons, 610 
lateral, 610 
medial, 610 
snpraeolie, 221 
snpratentorial, 867 
of thigh, 532, 533 
anterior, 545 

mnseles of, 545-548, 546-547t, 546-547 
medial, mnseles of, 548-551, 549t, 549 
posterior, 569-578 

mnseles of, 569-572, 570t, 570 
thenar, 773 , 773 

Gompression 

of axillary arteiy, 728 
of braehial arteiy, 742 
of faeial arteiy, 863 
of femoral arteiy, 560 
of oenlomotor nerve, 1080 

of nlnar nerve, 769, 792 
of veins, 41 

Gompnted tomography, 67 , 69 
of abdomen, 323 
of breasts, 177 
of thorax, 178-180 

Gompnter, regional anatomy teaehing nsing, 3 
Goneha, of anriele, 966 , 967 
Gonehae, nasal 

inferior, 825, 841, 892, 935, 939, 958, 
961-962,1022,1033 

middle, 825, 841, 935, 939, 958, 961-962, 
1022,1033 

snperior, 935, 939, 958, 962,1033 
Gonenssion, eerebral, 885 
Gondyle, 20 
femoral 

lateral, 21, 513, 518 , 520 
medial, 513, 518 , 520 
of hnmems, 676 , 677 
of mandible, 919 
oeeipital, 446 , 829, 831, 952 

tibial 

anterolateral, 579, 603 
lateral, 513, 520, 525, 564t, 564 
medial, 513, 520, 525 
Cone, mednllary, 441, 497, 499, 505 
Gonflnenee, portal, 324 
Gongestive heart failnre, 133 
Gonjnnetiva 

bnlbar, 890, 891 , 895, 907 
hyperemia of, 910 
palpebral, 850, 890, 891 , 908 
pliea semilnnaris of, 892 
Gonstipation, 261 
Gonstrietion 

eervieal, 229 , 229 
diaphragmatie, 229 , 229 
thoraeie, 229 , 229 
Gontralateral, 7 
Gontnsions 
eerebral, 886 

extensor digitornm brevis, 624 

hip, 558 
thigh, 558 


Gonns elastiens, 1023 , 1024-1027 
Gonventional radiography, 66, 66-67 
Cor pnlmonale, 124 
Cord(s) 

spermatie, 190, 204, 206-207, 209, 376, 436 
hydroeele of, 214 
torsion of, 214 

spinal, 48, 441, 496 , 501-502, 866,1022,1031 
arteries of, 501-504, 503 
injnries to, 506 
isehemia of, 506 
motor nenron of, 34 
nerve roots, 496 
shoek, 506 
transeetion of, 506 
vasenlatnre of, 501-504 
veins of, 504, 504 

tendinons, 140 - 141 , 140, 142-143 
nmbilieal, 259 

Comea, 894 , 895, 897, 907, 908 
abrasions of, 912, 908 
laeerations of, 912 
transplantation of, 912 
nleers of, 912 
Comua, eoeeygeal, 452 
Coronary angiography, 154 
Coronary artery bypass grafting, 133,156 ,157 
Coronary artery disease, 155-156 
Corpus eallosnm, 879-880 
Corpus eavernosnm, 376, 419, 421, 

435-436 

Corpus spongiosnm, 376, 419, 420, 435-436 

Cortex 

eerebral, 843 
snprarenal, 294 
Cough reflex, 123 
Coxa valga, 526 
Coxa vara, 526 
Cranial, 6, 8 

Craniosynostosis, 841-842 
Craniotomy, 860 
Cranium, 822-842 

age-related ehanges in, 841 
base of, 822, 830-835, 869,1057 
fraetnres of, 876 
bnttresses of, 836 , 836 
ealvaria of, 21, 822, 838 
eraniometrie points of, 828t 
development of, 839-840 
faeial aspeet of, 822-827 
frontal bone of, 823—824 
general images of, 20 
laerimal bone of, 823 
lateral aspeet of, 827-828 
malformations of, 841-842 
nasal bone of, 823 
nenroeraninm, 822, 823 
newborn, joints of, 28 

oeeipital aspeet of, 828-829 
oeeipnt of, 828, 829 
ossifleation of, 839 
parts of, 822 

sphenoid bone of, 823-824 
snperior aspeet of, 829 
snrfaees of 

external, 829-830 
internal, 830-835 


sntnres of (see Suture[s]) 
viseeroeraninm, 823, 824 
Creases 

entaneons, inferior, 105 
digital, 789 
flexion, 787 
palmar, 787 
wrist, 787 
Crest, 21 

ampnllary, 975 , 976 
of bone, 19, 21 
ethmoidal, 957 
frontal, 832 , 834, 867, 869 
iliae, 21,186,210, 311, 328, 329, 510, 513-515, 
519, 533, 563, 575, 578, 579, 631 
infratemporal, 917, 952 
intertroehanterie, 513, 517, 518 , 630 
of laerimal bone, 889 
oeeipital 

external, 829 , 831, 871 
internal, 834, 835 , 869 
pnbie, 186, 188, 211, 290, 329, 513, 515 

saeral 

intermediate, 451 , 452 
lateral, 451 , 452 
median, 452-453 
sphenoidal, 834 , 834 
of spine of seapnla, 674, 681 
snpinator, 678 
snpramastoid, 917 
snpraventrienlar, 139 , 140 
nrethral, 368 , 369 
Crieothyrotomy, 1039,1045 
Crista galli, 834, 841, 868-869, 961 
Crohn disease, 260 
Crown, of teeth, 932 
Cmra 

of elitoris, 430 
of diaphragm, 306 , 306 
of penis, 419 
Cms 

lateral, 202, 203 , 552 

of external oblique aponenrosis, 191 
medial, 202, 203 

of external oblique aponenrosis, 191 
Cryptitis, 416 

Cubital tnnnel syndrome, 769 
Cuboid, 513, 523, 524, 525 
Culdoeentesis, 397 
Culdoseopy, 397 
Cuneiforms, 609 
Ist, 650 

intermediate, 523, 524 
lateral, 523, 524 
medial, 513, 523, 524 - 525 , 525 
Cup, optie, 897 
Cupola, plenra, 108 , 150 
Curvature (in general) 
eervieal, 470 
Inmbar, 470 
primary, 470 
saeral, 470 
seeondary, 470 
of vertebral eolnmn, 470-472 
Curvature (named) 

greater, 68, 232 , 232-233 
lesser, 232 , 232-233 
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Cusps 

anterior, 140 
of aortie valve, 143, 153 
of mitral valve, 142-143 
of pulmonary valve, 140,143, 153 
Gyanosis, 1009 
Cyst(s) 

branehial, 1048 
of eanal of Nnek, 212 

epididymal, 215, 215 
ovarian, 397 

panereatie psendo-eyst, 225 
popliteal, 665, 665 
renal, 298 
sebaeeons, 861 
of sebaeeons glands, 910 
synovial, 767, 767 
thyroglossal dnet, 1041 
of wrist, 767 
Cystoeele, 373 
Cystoseopy, 374, 374 
Cystotomy, snprapnbie, 373-374 


D 

Deafness, 980, 1082 
Deep, 6, 8 

Deferenteetomy, 381 
Defìbrillation, 159 
Degenerative joint disease, 28-29 
Deglntition, 1034 , 1035 
Demifaeets, 76, 77 
Demyelinating diseases, 1079 
Dendrites, 46 , 47, 49 
Dens, 27 

of axis (C2), 441, 446 , 447, 455, 460, 469, 
1022,1031 
fraetnre of, 476, 476 
Dental earies, 947 
Dental implants, 948-949 
Dentin, 932 , 934 
Dentoalveolar syndesmosis, 25 
Depression, 10, 11 
semilnnar, 142 
Dermatoglyphies, 792 
Dermatomes, 51 , 51, 480 
of anterolateral abdominal wall, 193 
of lower limb, 538, 539 
of thorax, 92, 93 
of npper limb, 693, 694t, 694 
Dermis, 13,13 

eollagen fìbers in, 12 
Development 
of bones, 22 
of eraninm, 839-840 
of heart, 130 
of hnmerns, 22 

of ingninal eanal, 205-206, 205-206 
of lower limb, 510, 511, 512 
of Inngs, 129 
of mandible, 840-841 
of meninges, 505 
of perieardinm, 130 
of snbaraehnoid spaee, 505 
of teeth, 840-841 
Dextroeardia, 134 
Diagnostie radiology, 2 
Dialysis, peritoneal, 224 


Diaphragm, 91, 110-111, 306-309, 306-309, 

322-323, 325 
aetions of, 309 
apertnres of, 308-309 
arteries of, 307, 307 
eostal attaehment of, 1 09 
eostal part of, 306, 306 
erns/ernra of, 168, 230 
dome of, 306 
left, 306 


radiographs of, 177 
right, 66, 226, 306 
fnnetions of, 91, 193, 306 
inspiration role of, 91 
Inmbar part of, 306, 306 
lymphatie system of, 308 
nerves of, 308 
paralysis of, 85 
parts of, 306, 306 
pelvie, 184, 339 , 339-340, 342 
posterolateral defeet of, 317 
referred pain from, 317 
rnptnre of, 309 
sternal part of, 306, 396 
thoraeie, 184 
veins of, 307, 307 
vertebral attaehment of, 1 09 
Diaphragm (sellar), 867, 868 
bnlging of, 869 

Diaphragm (nrogenital), 406, 408 
Diastole, 136 , 144, 153 
Dieneephalon, 878 , 879,1063 
Digestion, 227 

Digestive system, 4 (see also speeifie 

anatomy ) 

Digestive traet 

parasympathetie stimnlation, 65t 
sympathetie stimnlation, 65t 
Digital examination 
of reetnm, 381 
of vagina, 396 
Digits, 

ereases, 788, 789 
seetion of, 773 
snrfaee anatomy of, 788, 789 
Diploé, 834, 835 , 962 
Diplopia, 1080 
Dise(s) 

artienlar, 26 

of distal radio-nlnar joint, 805-806 
of sternoelavienlar joint, 1020 
of temporomandibnlar joint, 916, 919 
interpnbie, 332 

intervertebral, 26, 26, 73, 77, 332, 440, 443, 
464-465, 464^66, 502,1022 


aging of, 463, 474 
fnnetion of, 464 
injnry to, 480 
ligaments and, 465 
stmetnre of, 464 
optie, 895, 897 , 897, 1061 

Disloeation 

of aeromioelavienlar joint, 813 
of atlas, 458-459 
of axis, 459, 459-460 
of bieeps tendon, 741 
of eervieal vertebrae, 457, 457 


of elbowjoint, 816, 817 
of glenohnmeral joint, 708, 814-815 
ofhip joint, 660-661 
of Innate, 817 

of mannbriosternal joint, 85 
of patella, 661-662 
of radial head, 816 
of ribs, 85 
of shonlder, 708 
of stemoelavienlar joint, 813 
of temporomandibnlar joint, 927 
of vertebrae, 478 
Distal, 7-8 

Distension 

of serotnm, 426 
of vagina, 396 
Divertienla 
ileal, 258 ,260 
of Meekel, 258, 260 
Divertienlosis, 261 
Dizziness, 979 
Doppler effeet, 68 
Doppler nltrasonography, 67 
Dorsifìexion, 7,10 
Dorsnm 

defìnition of, 7-8 

of foot, {see Region, dorsal (dorsnm), 
of foot) 
of nose, 859 
of penis, 7 

neurovaseulature of, 420, 422 
snrfaee anatomy, 420 
Dowager’s hnmp, 480 
Duct(s) 

alveolar, 115, 116 

bile, 241, 242, 266, 271, 275, 277-278, 322 

biliary, 265, 277-278 

of bnlbo-nrethral glands, 369, 418 

eoehlear, 974, 975-977 

eystie, 265, 269, 275-276, 277, 280 

ejaenlatory, 377 

embryonie, 392 

endolymphatie, 975 , 1071 

of epididymis, 210 
of epoophoron, 392 
frontonasal, 960 
hepatie, 269, 271 

aeeessory, 286 

eommon, 277 , 278 
left, 277 
right, 277 

variations in, 286 
intralobnlar, 265 
laetiferons, 98 , 93 ,177 
lymphatie, right, 44, 45, 101, 117, 170, 720, 
1039,1051 

mesonephrie, 206 
nasolaerimal, 892, 893 
panereatie, 275 

aeeessory, 265, 267, 275 
main, 241, 265, 267 
sphineter of, 267 
paramesonephrie, 206 

parotid, 845, 915 , 918, 925, 1073 
prostatie, 379 
semieirenlar, 974, 975 
snbmandibnlar, 940, 941, 945 , 945, 998 
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thoraeie, 44, 45, 101, 117, 118,165,167, 169, 
186, 316, 982,1013,1020,1051, 1052 

laeeration of, 176 
variations of, 176 
thyroglossal, 1041 , 1041 
ntrienlosaeenlar, 975 
Dnetns deferens, 201, 203, 204-205, 

207, 290, 340, 345, 354, 363, 

376-377 ,422 
Dnetns epididymis, 392 
Dnetns renniens, 974, 975 
Dnetns venosns, 270 
Dnodenal eap, 68 

Dnodennm, 220, 238, 239 , 240, 265 
ampnlla of, 241 
arteries of, 241 

aseending part of, 240, 241 , 242t 
eompnted tomography of, 323 
deseending part of, 240, 241 , 242t, 265 
gallstones in, 287 
horizontal part of, 241 , 242t 
inferior part of, 241 , 242t 
lymphatie system of, 241 , 243 
magnetie resonanee imaging of, 324 
parts of, 239, 241 
snperior part of, 239, 240, 242t 
nleers of, 257 
nltrasonnd of, 322 
veins of, 241 

Dnpnytren eontraetnre, 789 
Dnra, araehnoid, 473 
Dnra mater, 47, 49 
eranial, 839, 843, 865-872, 962 
arteries oí, 871 
extemal snrfaee of, 868 
meningeal layer of, 865-867, 866 
nerves of, 872, 873 
periosteal layer of, 865, 866 
venons sinnses of, 867, 870-871, 870 
{see also Sinns) 
external snrfaee of, 868 
innervation of, 500 
meningeal layer of, 865-867, 866 
nerves of, 872, 873 
periosteal layer of, 865, 866 
spinal, 461, 498 , 499, 500 
innervation of, 500 
Dnra-araehnoid interfaee, 500, 501 
Dnral infoldings, 865-867, 866, 868 
Dysarthria, 989 
Dysparennia, 434 
Dysphagia, 229, 989,1082 
Dysphonia, 1082 
Dyspnea, 96, 309 
Dysrhythmias, 159 
Dystonia, eervieal, 1008 
Dysnria, 381 


E 

Ear, 966-980 

external, 966-967, 966-967, 980 
examination of, 977, 978 
inflammation of (otitis externa), 978 
injnry of, 977 

internal, 973-977, 974, 976-977, 980 
middle, 966, 967, 970-973, 973, 980, {see 

also Gavity, tympanie) 


Eeehymosis, deseription of, 860 
EGG {see Eleetroeardiography) 
Eehoeardiography, 154 ,154 
Effnsion 

perieardial, 133 
plenral, 121 

Ejaenlation, 424, 425 
Elbow joint, 800-804, 802-803 

artienlation of, 800 
blood snpply of, 804 
bnrsae aronnd, 804 
bnrsitis of, 815-816, 816 

eapsnle of, 800 
earrying angle of, 803 
disloeation of, 816, 817 
extensor mnseles of, 803 
flexor mnseles of, 803 
ligaments of, 800, 803, 803 
movements of, 803, 803 
mnseles that move, 803, 803-804 
nerves of, 804 
radiographs of, 802 
tendinitis of, 766 
Eleetroeardiography, 157 
Eleetromyography, 36 
Elements 
eostal, 455 
transverse, 455 
Elephantiasis, 426 
Elevation, iO, 11 
Embolism, 124-125 
air, 1009 
brain, 887 
eerebral, 887 
pnlmonary, 124-125, 561 
venons air, 1009 
Eminenee 

frontal, 825-826, 829 
hypothenar, 765, 771, 787 
iliopnbie, 202, 329, 551, 552 
intereondylar, 520 
parietal, 826, 829 
pyramidal, 971 

thenar, 683, 765, 771, 773, 783, 787, 787 
Enamel, 932 , 934 
Endoerine system, 4 
Endolymph, 973 
Endometriosis, 397 
Endonenrinm, 49, 50 
Endoseope, 199 
Endonrology, 373 
Enlargement 
eervieal, 496, 497 
Inmbar, 496, 497 
Enteroeele, 414 
Entrapment 

medial plantar nerve, 625 
renal vein, 298 
snperfleial flbnlar nerve, 606 
tibial nerve, 666-667 
Enneleation, 912 
Epieondyle, 21 , 520 
lateral 

of femnr, 522, 634, 641, 674, 682 
of hnmerns, 734, 764, 765, 802 
bnrsa of, 804 
medial 

of femnr, 513, 522, 634, 682 


of hnmerns, 741, 764, 765, 802 

avnlsion of, 816, 816 
bnrsa of, 804 
Epieondylitis, 766 
Epidermis, 12 , 13 
Epididymis, 209, 210 , 422 
appendix of, 215 ,215 
head of, 365 

Epidnral anesthesia 
eandal, 461 
transsaeral, 461 

Epiglottis, 935, 940,1022,1024,1031-1032 
Epilepsy, 1079 
Epinephrine, 294 
Epinenrinm, 49, 50, 500 
Epiphyses, 22 
annlar, 454, 455 
displaeement of, 25 
fnsion of, 22 

proximal hnmeral, fraetnre-disloeation of, 712 
separation of, 25 
Episiotomy, 414 
Epistaxis, 964 
Epithelinm, eoelomie, 108 
Eponyms, 5 

Erb-Dnehenne palsy, 730 
Ereetion, 423 
Esophagoseopy, 1049 

Esophagns, 164, 166,168, 179, 186, 229-230, 

935, 986,1022,1032, 1038 
bloekage of, 175 
eaneer, 1049 
eervieal, 1038 
eonstrietion of, 229 
eonstrietions in, 168 
injnries to, 1049 
mnseles of, 230 
nerves of, 231 
pyrosis of, 254 
variees of, 254 ,254 
Ethmoid bone, 824, 891 
Eversion, 10, 11 
Exophthalmos, 876, 908-909 
Expansion, extensor, 622, 754 
Expiration, 82 
Extension, 7,9, 11 
ofknee joint, 643t 
External, 7-8 
External rotation, 11 
Extraeellular flnid, 42 
Extravasation of nrine, 415-416 
Extravaseular spaee, 41 
Eyeball, 892, 893 

anterior ehamber of, 912 
aqueous hnmor of, 895 
artifleial, 912 
eornea, 894, 895, 897 
flbrons layer of, 894 
inner layer of, 896-897 
pnpil, 895, 896 
refraetive media of, 897-898 
retina of, 895, 896-897 
selera of, 895 

snrfaee anatomy of, 907-909 
vasenlar layer of, 894 , 896 
Eyebrows, 859 
Eyelashes, 892 , 909 
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Eyelids, 859-860, 891-892, 892, 908 
infeetions of, 910 
injnry to, 910 

F 

Fabella, 606 

Faee, 842-865 
arteries of, 855-858 

ineisions to, 860 

laeerations to, 860 

lymphatie system of, 858, 859 

mnseles of, 844-849, 845, 845-846t, 847, 848 

paralysis of, 861 
nerves of 

entaneons, 849-855 
motor, 853-855 

snrfaee anatomy of, 859, 859-860 
veins of, 856, 857, 858 
Faeet(s), 21 
artienlar, 21 

fìbnlar, 520 

inferior, 76, 77, 442, 447, 452 
snperior, 76, 77, 442, 447, 452 
for elaviele, 676 
eostal, 446 
inferior, 639 
ofknee joint, 639 
middle, 639 
snperior, 639 
snperior artienlar, 21 
snperior eostal, 21 
of thoraeie vertebrae, 76 
thyroid eartilage, 1027 
Faeial expressions, 844, 848, 923t 
Faeial pain, 837 
Fak 

eerebelli, 867 
eerebri, 843, 868 
ingninal, 191, 203 , 204 
Faseia, dartos, 208 
Faseia (in general), 16 
fnsion, 219 

Faseia lata, 204, 532 , 533 
Faseia (named) 
alar, 986 

antebraehial, 688, 690, 741, 747 
axillary, 688, 689, 714 
braehial, 688, 737, 747 
bneeopharyngeal, 986, 988, 1031,1034, 1036 

Bnek, (see Faseia (named), deep, of penis) 
Gamper, 186, 208t 

eervieal, 915 

deep, 915, 986, 987 , 993, 1036 
elavipeetoral, 91, 688, 689, 718 
Golles, 186, 192, 208, 404, 407 

eremasterie, 206 , 208t 
eribriform, 532 
ernral, 532, 533 
dartos, 192, 208t, 404, 407 
deep, 16 , 17, 41, 84 

of foot, 610 
of forearm, 767 
of leg, 592, 601 
of lower limb, 532, 533 
of penis (Bnek), 419 , 420 
of thigh, 532 
deltoid, 688, 690 
dorsal, 774 


endo-abdominal, 187 

endothoraeie, 91 , 107, 108, 988 

Gallandet, 407 

glnteal, 483 

hypothenar, 747, 763 

iliae, 318, 347, 554 

iliopsoas, 370, 561 

inferior, of pelvie diaphragm, 409 

infraspinons, 688 

investing, 16 , 17, 186, 986, 987-988 
lata, of thigh, 204, 532 , 533 
obtnrator, 338 , 340, 347, 402, 407 
orbital, 891 

palmar, 689, 747, 771, 773 
Dnpnytren eontraetnre of, 789 
peetineal, 631 

peetoral, 91 , 91, 98, 98, 688, 689, 690 
pelvie, 345 

endopelvie, 345-348, 346 
membranons, 345 
parietal, 345, 346 
tendinons areh of, 347 
viseeral, 345, 346, 386 
pelvie diaphragm, 346 
perineal, 404, 407 
snperfìeial, 421 
peri-nreterie, 291 

pharyngobasilar, 845, 937, 1035 , 1035-1036 
phrenieoplenral, 107, 108 

plantar, 610, 611 

popliteal, 585 , 640 
presaeral, 347 
pretraeheal, 988 , 999-1000 
prevertebral, 986, 988 , 1016, 1020,1031, 
1034,1051 

psoas, 290-291, 310, 347, 354, 554 

reetal, 407 

reetosaeral, 347 

renal, 291 , 291, 310 

Searpa, 186, 407 

spermatie 

extemal, 204, 422 
intemal, 204, 209, 370 

snbserons, 18 

snperfìeial, 13 , 13, 532, 533 

snpraspinons, 688 

temporal, 845, 918, 925, 966 
thenar, 747, 763 

thoraeolnmbar, 34, 188,291, 310, 311 , 483, 
484 ,487 

transversalis, 188, 189-190, 192, 201, 204, 
310, 343, 483, 561 
nterovaginal, 407 
vesieal, 347 
Faseia (of regions) 
of abdominal wall 

anterolateral, 186-187 
posterior, 310, 310-311 
of foot, 610 
of levator ani, 342 
of lower limb, 532, 533 
of neek, 985-988 
of palm of hand, 771-772 
of thoraeie wall, 91 
of npper limb, 688-689 
Faseial eompartments, 16 , 34 
of foot, 610 , 611 


of hand, 771-773, 774 
of lower limb, 532, 533 
of npper limb, 688, 690 
Faseieles, 49 
Faseiitis, plantar, 624 
Fat 

axillary, 714, 715 
epidnral, 498 
in epidnral spaee, 441, 475 
extradural, 473, 475 
intraeonal, 890 
orbital, 891 
paranephrie, 291 
pararenal, 310 
perinephrie, 291 
perirenal, 291, 310, 324 
retropnbie, 435 
Fat pad 
bneeal, 930 

in eoronoid fossa, 802 
extraperieardial, 110 
infrapatellar, 557, 636 
isehio-anal, 407 
Fanees, 935 , 935 
Feeal impaetion, 261 
Femnr, 20, 435, 510, 516-518 
angle of inelination, 517, 518 
fraetnres of, 527 

greater troehanter of, 21 

head of, 26-27, 332, 512, 516, 517, 520 

avasenlar neerosis, 660 
blood snpply of, 632 
disloeated epiphysis of, 526-527 
ligament of, 630 
neerosis of, in ehildren, 660 

neek of, 516, 517 
blood snpply to, 632 
fraetnres, 659-660 
proximal, 518 
shaftof,5J2, 517,518,520 
snrfaee anatomy of, 519-520 
Fiber(s) 

of antonomie nervons system, 57 
eollagen, in dermis, 12 
general sensory, 52 
glossopharyngeal nerve, 1072-1073 
interernral, 190, 203 , 204 

motor 

branehial, 1054 
of eranial nerves, 1054 
somatie, 52 , 1054 
sympathetie, 60 
mnsele, 29 
nerve 

eranial, 1054 
peripheral, 47, 49, 50 
parasympathetie, 302 
postsynaptie, 59 , 150 
presynaptie, 59 , 150 
Pnrkinje, 149 

sensory, of eranial nerves, 1054 
somatie, 52 

somatie efferent, general, 52 
somatie motor, 52 
sympathetie, 58-59, 60, 302 
viseeral, 52 



Index 


1101 


viseeral afferent 
general, 52 
in pelvis, 361 

viseeral efferent, general, 52 
zonnlar, 895, 897, 907 

Fibrillation 

atrial, 159 
defìnition of, 159 
ventrienlar, 159 
Fibrin, 224 
Fibroblasts, 22 

Fibnla, 17, 20, 510, 513, 521, 521 
fraetnres of, 528 
fnnetions of, 520 
lateral malleolns of, 21 

Filnm terminale, 54, 461, 497, 498, 505 
Fimbriae, ovarian, 382 
Fingerprints, 789 
Fingers, 20, {see also Digits) 
fraetnres, 687 
isehemia of, 790 
snrfaee anatomy of, 788, 789 
First-degree bnrn, 15 ,15 
Fissnre 
anal, 416 

eerebral, longitndinal, 867, 878 ,1056 
horizontal, of Inngs, 111, 113, 134 
oblique, of Inngs, 109,111-112, 113, 134 
oral, 846, 929 

orbital 

inferior, 824-825, 834, 891, 917, 952,1064 
snperior, 824-825, 833t, 834, 835, 849, 

883, 891, 902-903,1064 
palpebral, 848, 859, 890, 891, 908-909 
petro-oeeipital, 829 
petrosquamous, 1071 
pterygomaxillaiy, 952 
sagittal 

left, 270 
right, 270 

tympanomastoid, 917 
Fistnla 

arteriovenons, 605, 876 
branehial, 1048 ,1048 

bronehopnlmonary, 121 
eholeeystenterie, 287 
perineal, 414 
reetovaginal, 396 
traeheo-esophageal, 1049 
nrethrovaginal, 396, 396 
vaginal, 396, 396 
vaginoperineal, 396 
vesieovaginal, 396 
Flail ehest, 83 
Flaring of nostrils, 861 
Flatfeet, 667-668 
Flexion, 7,9, 11 
of knee joint, 643t 
of vertebral eolnmn, 470 
Flexure 

anoreetal, of anal eanal, 370 
eolie 

left, 221, 232, 248, 251, 252, 259, 302,1076 
right, 221, 239, 248, 252, 325 
dnodenojejnnal, 239, 240, 242 
hepatie, 259,1076 
lateral, of reetnm, 370 
saeral, of reetnm, 370, 370 


Flnid 

aseitie, 224-225 

eerebrospinal 

absorption of, 881 
eirenlation of, 881 

deseription of, 47, 505-506 

fnnetions of, 881-882 
hydroeephalns, 886, 886-887 
leakage of, 887 
otorrhea, 887 
rhinorrhea, 887 
seeretion of, 881 

laerimal, 893 
perieardial, 129 
peritoneal, 217 
plenral, 108 
synovial, 25-26 
Flnoroseope, 158 
Fold 

alar 

lateral, 636, 637 
medial, 636, 637 

ary-epiglottie, 1023, 1025-1026, 1032, 1036, 
1044 

axillary 

anterior, 102, 103, 103, 707, 713, 714, 740 
posterior, 707-708, 713, 714 
eeeal, 249 
eirenlar, 244 

eonjnnetival, semilnnar, 909 
epieanthal, 859 
glossoepiglottie, 1027,1044 
glnteal, 520, 563, 578, 579 
ileoeeeal, 248 

mallear 

anterior, 969 
posterior, 969 
mneosal, 950 
palatine, transverse, 937 
paradnodenal, 258 
peritoneal, 220 
pharyngo-epiglottie, 935,1032 
reetal, transverse, 365, 370, 375 
reeto-nterine, 344t, 365, 386 
salpingopharyngeal, 935,1032-1033, 

1034 

semilnnar, 248 
spiral, 278 
snblingnal, 941 
synovial, 630, 649, 779 
infrapatellar, 636, 637 
nmbilieal 

lateral, 201, 202, 208t, 344t, 365 
medial, 344t, 365 
median, 201, 201, 208t, 344t 
nrogenital, 426 

vestibnlar, 930, 1023, 1025-1026, 

1027 ,1044 

voeal, 1025, 1025,1033,1044 
F ontanelles 

anterior, 28, 839, 840 
mastoid, 839, 840 
posterior, 839, 840 
sphenoidal, 839, 840 
Foot, 609-626 
arehes of, 623, 654, 656 
arteries of, 617, 619, 619-620 


bones of, 522-525 
eallns of, 667 
elnbfoot, 668 
dorsal region of, 610 

dorsnm of, 523, 614t, 614 

faseia of, 610 

fìatfeet, 667-668 
hallux valgns of, 667 
heel region of, 610 
infeetions of, 624 
jogger’s, 625 

joints of, 644, 650-654, 651, 652t, 653t, 653 
ligaments of, 654 

lymphatie system of, 620, 622 

mnseles of, 610-614, 612, 612t-661t, 

615-616 

nerves of, 614, 617-619, 618t, 618 
pes planns, 667-668 
plantar aspeet of, 523 
skin of, 610 
sole of, 602 
arteries of, 620 
eentral eompartment of, 610 
hemorrhaging wounds of, 625 
lateral eompartment of, 610 
medial eompartment of, 610 
snbentaneons tissne of, 610 

snrfaee anatomy of, 622-623, 656-657, 658 
tarsns, 522, 524 

veins of, 620, 621 

Footdrop, 582, 605-606 

Foramen (in general), 21 

nntrient, 22, 521 
Foramen (named) 

alveolar, posterior snperior, 917, 952 
apieal, 934, 934 

eeenm, 833t, 834, 835, 940,1032,1041 
eribriform, 833t 

epiploie {see Foramen, omental) 
ethmoidal 

anterior, 833t, 889 
posterior, 833t, 889 
infra-orbital, 827, 889 
interventrienlar, 879-880 
intervertebral, 442, 442^43, 464, 

473, 500 

jngnlar, 829, 831, 833t, 835, 1072, 1074, 1077 

laeernm, 831, 833t, 835, 883 

magnnm, 823, 829, 831, 871, 952,1071,1077 

mandibnlar, 927, 931 

mastoid, 831, 833t 

mental, 823, 825-826, 827 

obtnrator, 21, 328, 329, 331t, 513, 515, 516 

omental, 222, 223, 233, 259 

optie, 883 

ovale, 139, 831-832, 833t, 835, 853, 917, 952 

palatine 

greater, 830, 831, 834, 934, 936 
lesser, 830, 831, 834, 935, 936 
parietal, 829, 829-830 
rotnndnm, 832, 833t, 834, 835, 849, 951, 952 
saeral, 451, 461 
anterior, 499 
posterior, 452 
seiatie 

greater, 332, 339, 341t, 353, 563, 563, 

567, 631 

lesser, 332, 353, 563, 563 
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anterior, 832, 833t, 834 
middle, 833t, 834-835, 883 
posterior, 833t, 835 
enbital, 737, 739 
bonndaries of, 739 
eontents of, 739 
eross-seetion of, 746 
snrfaee anatomy of, 739-740, 741, 764, 
765-766 

veins of, 743-744 
venipnnetnre of, 743 
epigastrie, 84, 100, 210 

gallbladder, 270 

hypophysial, 832, 834, 835, 870 
iliae, 311, 329, 513 

iliaeosnbfaseial, 318 
ineisive, 829, 831, 934, 936, 936 
infraelavienlar, 707, 707 
infraspinons, 21, 675, 676 
infratemporal, 916-921, 917 
ingninal 

lateral, 201, 202 
medial, 201, 202 

intereondylar, 513, 517, 518, 636, 637 


Foramen (named) {eontd.) 

interpednnenlar, 884 

greenstiek, 24, 684 

sphenopalatine, 917, 952 

intrabnlbar, 418 

hamate, 686 

spinosnm, 831-832, 835, 871, 917, 952 

isehio-anal, 342, 346, 353, 363, 402, 407, 

hangman’s, 459, 459, 478 

stemal, 85 

409 411, 436, 438 

of hip bone, 526 

stylomastoid, 831, 831 

laerimal gland, 891 

hnmerns, 684-685 

snpra-orbital, 824, 825 

mandibnlar, 831, 831, 919 

shaft of, 685, 742 

transversarinm, 444 

navienlar, 365, 418 

hyoid bone, 985 

transverse, 455, 983 

oleeranon, 676, 677, 802 

impaeted, 684 

vertebral, 442, 445, 448t, 450, 460 

oval, 139, 139,142 

intereondylar, 685 

zygomatieofaeial, 825, 825-826 

paradnodenal, 258 

Jefferson, 458 

Forearm, 744-771 

parareetal, 343, 370, 370 

of lateral malleolns, 528 

arteries of, 736, 757-760 

paravesieal, 370 

Le Fort I, 837, 837 

bones of, 677-679, 744 

piriform, 1026,1032, 1036, 1044 

Le Fort II, 837, 837 

eompartments of, 741, 746, 748t 

popliteal, 510, 534, 584-587 

Le Fort III, 837, 837 

eross-seetion of, 746 

arteries in, 587 

mandibnlar, 837-838 

entaneons nerves of, 693 

eontents of, 584-587 

maxillary, 837 

extensor-supinator eompartment of, 753 

eysts, 665, 665 

of medial malleolns, 528 

mnseles of, 746-757, 747 

faseia of, 585 

metaearpal, 687 

extensor, 750-751, 765 

lymph nodes in, 587 

metatarsals, 530, 530 

fìexor, 765 

nerves in, 587 

nasal, 963 

nerves of, 761-764 

nerves of, 585 

oleeranon, 766, 767 

pronation of, 805 

veins in, 587 

orbital, 909 

snpination of, 805 

pterygoid, 832 

patellar, 559 

snrfaee anatomy of, 764 

pterygopalatine, 849, 917, 951, 952 

pelvie, 335, 336 

veins of, 760-761 

eontents of, 952-953 

of phalanges, 687 

Forefoot, 523, 609, 653t 

of maxillary artery, 951 

Pott, 666 

Foreign bodies 

transantral approaeh to, 954 

pterion, 874-875 

aspiration of, 123,1044-1045 

radial, 677, 677, 802 

radins, 685-686 

in laryngopharynx, 1047 

seaphoid, 832 

rednetion of, 23 

Forensie medieine, 334 

snbseapnlar, 675 

ribs, 83 

Fomix, 879 

snpinator, 678 

seaphoid, 686, 817 

eonjnnetival 

snpraelavienlar, 120, 119, 992 ,1006 

seapnla, 684 

inferior, 891 

greater, 1007 

sesamoid bones, 531 

snperior, 890, 891 

lesser, 989, 990t, 990, 1007 

sternal, 84 

vaginal, 385 

snpraspinons, 674, 675 

stress, 527, 528 

lateral, 333, 389 

snpravesieal, 201, 202, 343, 365 

snpraepieondylar, 742 

posterior, 389 

temporal, 824, 826, 827-828, 916, 917 

talar neek, 529, 530 

Fossa(e), 21 

tonsillar, 1033 

temporal bone, 863 

aeetabnlar, 515, 629 

triangnlar, of antihelix, 967 

tibial, 527-528 

axillary, 688, 689, 707, 713 

troehanterie, 517, 549, 567 

transverse, 528 

eerebellar, 834, 835 

Fovea 

nlna, 685-686 

eoronoid, 677 

eentralis, 897 

of vertebrae, 477-478, 480 

eranial 

pterygoid, 919, 948 

wrist, 686, 817, 818 


Foveolae, grannlar, 867 
F raetnres 

of atlas, 458-459 
avnlsion, 530, 558, 666, 684 
of axis, 459, 459-460 
boxer’s, 687 
bnrst, 458 
ealeaneal, 529, 530 
ealvarial, 838 
elaviele, 684 
Golles, 686 

eomminnted, 84, 530, 686, 838 
eomponnd, 527, 528 
eompression, 477 
eontreeonp, 838 
of eranial base, 876 
ernsh, 477 
daneer’s, 530 
of dens, 476, 476 
depressed, 838 
diagonal, 528, 528 
epiphysial plate, 527 
femoral, 527 
fìbnlar, 528 


Freneetomy, 950 
Frennleetomy, 946 
F rennlnm 
of elitoris, 428 
of labia minora, 428 
labial, 929, 946-947 
of prepnee, 420, 421 
of tongne, 940 

Frontal bone, 822, 823-824, 892 
F nndns 

of eyeball, 895 
of stomaeh, 231, 324 
of nrinary bladder, 365, 366 
of nterns, 383, 385, 437 
F urrow 

median longitndinal, 449 
posterior median, 452, 453, 492 


G 

Gag refìex, 949 
Gait 

eyele, 542-544, 543, 543t-544t 
glnteal, 582 
steppage, 605 
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swing-out, 605 
w addling, 605 
Gallbladder, 186, 278-280 
bodyof,278 
fnndns of, 346 

lymphatie system of, 277, 278-280 
neek of, 265 
nerves of, 280 

parasympathetie stimnlation, 65t 
parts of, 278-280 

radiographs of, 68 
sympathetie stimnlation, 65t 
Gallstones, 286 
in dnodennm, 287 
Ganglion impar, 58 
Ganglion/ganglia, 49 
aortieorenal, 297, 302, 303t 
of antonomie nervons system, 57 

eeliae, 238, 247, 276, 278, 290, 297, 303t, 
305,1076 

eervieal 

inferior, 1016 

mìddìe, 119,172,1016 
snperior, 62, 893 ,1016 
eervieothoraeie, 119,172, 1017, 1020 
bloek of, 1017 

eiliary, 902-903, 904, 1060t, 1060 
eyst, 767 

genienlate, 953, 1068, 1069 

inferior 

of glossopharyngeal nerve, 1072, 1074 
of vagns nerve, 1074 
mesenterie 

inferior, 252, 303t, 367 
snperior, 238, 246, 247, 252, 276, 

297,1076 

otie, 850, 916, 921, 931, 1060t, 1060,1073 

parasympathetie 
eranial, 1060t, 1060 

intrinsie, 305 
paravertebral, 58 
prevertebral, 58 

pterygopalatine, 850, 939, 949, 953, 970, 
1060t, 1060, 1068 ,1069 

retinal, 1061 

semilnnar, {see Ganglion/ganglia, trigeminald) 
sensory, spinal, 721 

spinal, 48, 51, 247, 372, 390, 464, 493t, 493, 
499, 502, 1072 
spiral, 976 
stellate, 119,1020 

snbmandibnlar, 945, 998, 1060t, 1060, 1068, 
1069 

snperior 

of glossopharyngeal nerve, 1072, 1074 
of vagns nerve, 1074 

sympathetie, 58, 59, 90,166-167, 238, 247, 
297, 358 
aberrant, 1014 
eervieal, 1020 ,1020 

inferior, 1020, 1035 
middle, 1020,1035 
snperior, 952, 1017, 1035 
eervieothoraeie, 1014 
paravertebral, 118, 313 
prevertebral, 305 
thoraeie, 172 


trigeminal, 850, 902-903, 919, 931, 1057, 
1065, 1073 


herpes zoster infeetion of, 862 
vagal, inferior, 1030 
vestibnlar, 975, 976, 1071 
Gangrene, 42 
Gastreetomy, 256 
Gastrie nleers, 256-257 
Gastroenterology, 4 
Gastroseopy, 255 
General anesthesia, 397 
Genitalia {see Genital organs) 
Genital organs 
female extemal, 418-427 
female intemal, 382-399 
male extemal, 428-434 
male intemal, 376-382 
Genn valgnm, 661, 661 
Genn varnm, 661, 661 
Gingiva, 930, 930 

bneeal 

mandible, 929, 941 
maxillary, 929 
labial 

mandibnlar, 930 
maxillary, 930 
lingnal 

inferior, 929 
mandibnlar, 941 
snperior, 929 
nerves of, 931 
proper, 930 
Gingivitis, 947 


Glabella, 822, 823-824, 828t, 859 
Gland(s) 
areolar, 103 

bnlbo-nrethral, 369, 376, 379G380, 405, 406,418 
eiliary, 890, 892 

Gowper, {see Gland(s), bnlbo-nrethral) 

laerimal, 852, 892-893, 958,1069 
Littré, 418 
mammary, 98, 98 
olfaetory, 1054 
palatine, 935, 939 

parathyroid, 1020 

adenoma of, 1043-1044 
arteries of, 1021-1022 
inadvertent removal of, 1043-1044 
inferior, 1020, 1022,1036 
left, 1019 

nerves of, 1022 

right, 1019 

snperior, 1020, 1022,1036 
para-nrethral, 368, 430 
parotid, 854, 859-860, 939, 945 ,1073 
abseess in, 926 
aeeessory, 926 
bloekage of, 927 
infeetion of, 926 
innervation of, 915-916 
nerves of, 915, 915-916 
sialography of, 926-927 
pitnitary, 961 
tnmors of, 875 
prostate, 377 

arterial snpply of, 379 
hypertrophy of, 381 

lobes of, 378-379 


salivary, 943, 945, 945 

sebaeeons 

of breast (areolar), 99 
eysts of, 910 
of skin, 13 ,13 

seminal, 345, 346, 377, 436 
snblingnal, 854, 943, 945, 962, 1069 
snbmandibnlar, 854, 915, 945, 945, 998, 999, 
1007, 1036,1069 
snprarenal, 294-295 
arteries of, 295 
left, 226, 235, 265, 290, 363 
lymphatie system of, 296-297 ,297 
nerves of, 297 ,297 
right, 226, 265, 290, 296 
veins of, 295 
tarsal, 890, 891, 909 

thyroid, 932, 1018 , 1019,1032,1035,1039, 
1039-1040 

aeeessory glandnlar tissne, 1021, 

1041-1042 

arteries of, 1018 
enlargement of, 1042 
isthmns of, 1040 
lingnal, 1021 

lymphatie system of, 1020 ,1021 
pyramidal lobe of, 1021 
veins of, 1020 
vestibnlar, 430 
Glans 

of elitoris, 428-429, 430, 430 
of penis, 365, 420, 420 
Glottis, 1025 

Glnteal region, 510, 562-563 
arteries of, 575-577, 576t, 576 
injeetions in, 582-583 
lymphatie system of, 577-578 
mnseles of {see Muscle[s], glntens) 
snrfaee anatomy of, 578-581 
veins of, 577 
Goiter, 1043 ,1043 
Gomphosis, 934 
Grafts 
bone, 529 

saphenons vein, 540 
snral nerve, 624 

Grannlations, araehnoid, 866, 867, 880, 881 
Gray matter, 4 7 
Great arteries 

transposition of, 134 
variations in, 174 
Great vessels 

magnetie resonanee angiography of, 180 
snrfaee anatomy of, 161-163 
Grip 

hook, 771, 772 
power, 771, 772 
preeision, 771, 772 
Groin pnll, 560 
Groove 

atrioventrienlar, 136 

bieipital, 736, 740 

of bone, 20 
eoronary, 136 ,138 
eostal, 90 
of ribs, 75 

defìnition of, 21 

deltopeetoral, 690, 707 
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Groove {eontd .) 
infra-orbital, 889 
ingninal, 210, 211 

intertnberenlar, 674, 676, 682, 714, 734 

interventrienlar 

anterior, 136, 138 
posterior, 136, 138 
for medial menisens, 639 
nnehal, 449, 492 
obtnrator, 515 
oeeipital, 1003 
radial, 21, 674, 676 
for sigmoid sinns, 829 
snbelavian, 675 

for tendon of fìbnlaris longns, 523, 524 
for tendon of fìexor hallneis, 523, 524 
for trigeminal nerve, 829 
Gnarding, 198 
Gnbernaenlnm 
female, 205 
male, 205 
ovarian, 387 
npper, 206 

Gntters, paraeolie, 221, 245, 251 
Gyneeology, 4 
Gyneeomastia, 106 
Gyrns 

posteentral, 879 
preeentral, 879 

H 

Habit seoliosis, 482 
Hair, 13 ,13 

arreetor mnseles of, 13 ,13 
nasal, 957 
pnbie, 420 

Hair follieles, 13, 13, 36 
Hallneinations, olfaetory, 1079 
Hallux valgns, 667 

Hamate, 679, 680, 683, 690, 791, 807 

fraetnre of, 686 
Hammer toe, 667 

Hamnlns, pterygoid, 832, 917, 936, 1037t 
Hand {see also Phalanges; Wrist) 
arteries of, 781-782 
bones of, 679, 679-680, 771, 807 
ereases of, 787, 789 
defìnition of, 771 
fnnetional positions of, 772 
grip by 

hook, 771, 772 
power, 771, 772 
preeision, 771, 772 
infeetions of, 789 
long fìexor tendons in, 779 
mnseles of 

hypothenar, 778 
short, 778-779 
thenar, 773-774, 777 
nerves of, 782, 784t-785t, 786 

palm of 

eompartments of, 773, 774 
deseription of, 7, 8 
disseetion of, 775 
faseia of, 771-772 
pinehing by, 771, 772 
resting position of, 771, 772 


snrfaee anatomy of, 786-789 
tendon sheaths in, 779 
veins of, 782 

Handlebar nenropathy, 792 
Hanstra, 246, 248 
Haversian systems, 23 
Head (in general), 21 
of bieeps femoris, 572 
of epididymis, 210, 215 
of femnr, 26-27, 332, 512, 516, 517, 520, 

522, 626 

avasenlar neerosis, 660 
blood snpply to, 632 
disloeated epiphysis of, 526-527 
ligament of, 630 
neerosis of, in ehildren, 660 

of fìbnla, 522, 522, 557, 579, 603, 604 

of hnmems, 21, 674, 677, 681, 739 

of metaearpals, 787 

of metatarsals, 525 

of panereas, 242, 266 

of radins, 674, 678, 682, 683, 745, 764, 765 

disloeation of, 816-817 
subluxation of, 816-817 
of seapnla, 675, 676 
of sternoeleidomastoid, 989, 991t, 991 
of talns, 523, 524, 525, 657, 658 
of nlna, 674, 678, 682, 683, 764, 765, 788, 807 

Head (region) 

blnnt tranma to, 875 

brain {see Brain) 

eraninm {see Graninm) 

defìnition of, 822 

ear {see Ear) 

faee {see Faee) 

hematoma of, 876-877 

injnries to, 837, 876-877 

lymphatie system of, 1039 

magnetie resonanee imaging of, 70 

nose {see Nose) 

regions of, 836, 859 
sealp, 843-844 
snrfaee anatomy of, 859 
Headaehes 

deseription of, 837 
dnral origin of, 876 
Hearing loss, 979 
Heart 

apex of, 66,109, 137, 137,146,183, 226 
arterial snpply of, 145-148 
atrioventrienlar node of, 149, 149 
ansenltation of, 173 
base of, 137, 137 
borders oí, 137 

eardiopnlmonary resnseitation of, 159 
ehambers of, 135-136 

eondneting system of, 148-149, 149, 157-158 

cmx of, 146 

defìbrillation of, 159 

deseription of, 135 

development of, 130 

dextrocardia of, 134 

eleetroeardiography of, 157 

endoeardinm of, 129, 136 

epieardinm of, 129, 136 

fìbrillation of, 159 


fìbrons skeleton of, 136, 136-137, 139, 149 
innervation of, 150 
left, 135 

lymphatie drainage of, 148 
magnetie resonanee angiography of, 180 
myoeardinm of, 129, 136 
arrangement of, 137 
hypertrophy of, 37 
paeemaker for, 158-159 
parasympathetie stimnlation, 65t 
perenssion of, 153 
plaeement of, 136 
positional abnormalities of, 134 
referred pain, 159 
right, 135 

sinn-atrial node of, 149 
snrfaee anatomy of, 171-172 
snrfaees of, 137-138 
sympathetie stimnlation, 65t 
valves of 

aortie, 137,143-144 
ensps of, 153 
insnffìeieney of, 154 
stenosis of, 154 
mitral, 135,143 
ensps of, 143-144 
insnffìeieney of, 154 
pnlmonary, 135, 143 
ensps of, 153 
ineompetenee of, 154 
stenosis of, 154 
semilnnar, 143-144 
trienspid, 135, 139 ,143 
vasenlatnre of, 144-148 
veins of, 148 ,148 
walls of, 136 
Heart sonnds, 136 
Heat regnlation, skin’s role in, 12-13 
Hegar sign, 393 

Heimlieh manenver, 1044-1045 
Helieobaeter pylori, 256 
Helix, 966, 967 
Hematoeele, 212, 214, 214 
Hematoma 
anrienlar, 977 
epidnral, 876, 877 
extradural, 876, 877 
of phalanges, 687 
snbdnral, 501, 876-877, 877 
thigh, 558 
tortieollis and, 1007 
Hemianopsia, 1080 
Hemidiaphragm, 309 
Hemisaeralization, 462 
Hemispheres, eerebral, 867, 878, 879 
Hemoperieardinm, 133 
Hemopneumothorax, 121 
Hemoptysis, 125 
Hemorrhage 

anterior ehamber of eye, 912 
intraperitoneal, 281 

popliteal, 604-605 
snbaraehnoid, 877, 877 
snbeonjnnetival, 910 
Hemorrhagie stroke, 887 
Hemorrhoids, 417 
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Hemothorax, 121 ,121 
Hepatomegaly, 284 
Hemia, 197 
abdominal, 197 
of eanal of Nnek, 212 
eongenital diaphragmatie, 318 
diaphragmatie, 83, 317 
epigastrie, 197 
femoral, 561, 561-562 
hiatal, 254, 317 
para-esophageal, 238, 254 
sliding, 238, 254 
ineisional, 199 
ingninal, 202-203 
direet, 212, 213 
indireet, 212 ,213 
paradnodenal, 257-258 
Spigelian, 197 
snpravesieal, external, 202 

nmbilieal, 197 

Herpes zoster, 96, 96-97, 862 
Heterotopie bones, 23 
Hiatns 

addnetor, 549, 551, 555-556, 594t, 

594, 635 

aortie, 167, 296, 306, 309, 312 
esophageal, 166, 168, 230, 306, 309, 312 
saeral, 451, 453, 453, 461, 502, 505 
semilnnar, 957, 961 
nrogenital, 340, 341, 342, 405 
Hieenps, 317 
High tone deafness, 980 
Hilton’s law, 28, 632, 643 
Hilnm 

of Inngs, 112, 113 
renal, 291, 292, 293 
splenie, 263, 264 
Hindfoot, 523, 609 
Hip bone, 510, 514, 514-516 
anatomieal position of, 516 
in ehildren, 328, 514 
fraetnres of, 526 

ilinm, 328, 329, 512, 514, 514, 516 

magnetie resonanee imaging of, 324 
in infants, 328 
injnries of, 526 
isehinm, 328, 513, 516 
body of, 328 
left, 328 

pnbertal fnsion of, 328 
pnbis, 328, 428, 516 
right, 328 
Hip joint, 510, 626 
arteries of, 632 

artienlar snrfaees of, 626, 629-630 
blood snpply of, 632 
eapsnle of, 630 
eongenital disloeation of, 660 
disloeation of, 660-661 

flexors of, 546t 
ligaments of, 630, 631 
movements of, 632 
nerves of, 632, 634 
stability of, 628 
snrgieal replaeement of, 660 
Hip pointer, 558 
Homeostatie, 64 


Hook grip, 771, 772 

Hook of hamate, 679, 680, 682, 763, 791, 811 
Hordeolnm, 910 
Hormones 
deflnition of, 4 
parathormone, 1018 
thyroid, 1018 
Horn 

of gray matter of spinal eord, 
anterior, 49 
posterior, 49 

greater, of hyoid, 984, 984,1025-1026 
inferior, of thyroid eartilage, 1023 
lesser, of hyoid, 984, 984 
snperior, of thyroid eartilage, 1023 
Horner syndrome, 913 
Hnmerns, 674, 676, 674 

eapitnlnm of, 21 
development of, 22 
distal end of, 676 
fraetnres of, 684-685, 712 

general images of, 20 
radial groove of, 21 
troehlea of, 21 
Hnmor 

aqueous, 895, 897, 907 
vitreons, 895, 898 
Hnnter, William, 3 
Hydroeele, 212,214 
Hydroeephalns, 886, 886-887 
Hydrothorax, 121 
Hymen, 429-430 

Hyoid bone, 20, 850, 935, 982, 984, 998,1005, 

1024,1033, 1039 
fraetnre of, 985 
Hyperaensis, 979 
Hyperdontia, 947-948 
Hyperemia, eonjnnetival, 910 
Hyperextension, 11 
Hyperplasia, 37 
Hypertension, 39 

portal, 254, 285, 288, 417 

Hypertrophy 
of bones, 21 
eompensatory, 37 
of mnseles, 35 
of myoeardinm, 37 
of smooth mnsele, 37 
Hypospadias, 426 
Hypothalamns, 879 
Hystereetomy, 345, 361, 395, 395 
Hysterosalpingography, 223, 391 
Hysteroseopy, 391 

I 

Ileostomy, 260 

Ilenm, 220, 226, 239, 241 
eharaeteristies of, 244 
proximal, 244 
terminal, 244, 249 
Ilens, 246 

divertienlnm of, 258, 260 
gallstone, 287 

Ilinm, 328, 329, 435, 512, 514, 514, 516 

magnetie resonanee imaging of, 324 
Imaging 


eompnted tomography {see Gompnted 
tomography) 

eonventional radiography, 66, 66-67 
magnetie resonanee {see Magnetie resonanee 
imaging) 

nnelear medieine, 70, 70 
radiographs {see Radiographs) 
nltrasonography, 67-68, 69 
Impotenee, 427 
Impression, eardiae, 113 ,121 
Impnlses, noeieeptive, 118 
Ineisions 
faeial, 860 

gridiron (mnsele-splitting), 199, 260 
high-risk, 199 
ingninal, 199 
longitndinal, 198-199 
median, 198 
midline, 198 
paramedian, 198-199 
parareetns, 199 
Pfannenstiel, 199 
snprapnbie, 199 
transverse, 199 
Ineisnre, angnlar, 233 
Ineontinenee, anoreetal (feeal), 417 

Inens, 966, 967, 970, 971-972 

Infaretion, 42 

aente eortieal, 888 
brain, 888 

myoeardial, 37, 42, 133,155-156 
pnlmonary, 124 
Infeetions 

eompartment, of leg, 605 
eyelid, 910 
of foot, 624 
ofhand, 789 

herpes zoster, 96, 96, 862 
in neek, 988-989 
of parotid gland, 926 
sealp, 860 
Inferomedial, 7 
Infnndibnlnm 

of brain, 873,1056 
ethmoidal, 958, 958, 960 
of pitnitary gland, 1057 
of nterine tnbes, 382 

Inp;mnal triang;le of Hesselbaeh, 201, 202 

Inion, 828 

Injeetions 

intraglnteal, 582-583 
intraperitoneal, 224 
Inlet 

laiyngeal, 1023, 1024-1025,1032, 1036 
pelvie, 184, 328, 328-329, 331t, 339 

Innervation {see also Nerve[s]) 

of bladder, 367, 367-368 

of bone, 22-23 

of dnra mater, 500 

ofheart, 150 

of knee joint, 643 

of liver, 272, 276, 276-277 ,278 

of ovaries, 384-385 

of pelvis, 360-361 

of penis, 422-423 

of periostenm, 473 

of reetnm, 371, 372 
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Innervation {eontd.) 

of skin, 13, 51 
of teeth, 931 
of tongne, 941 
of nreters, 363-364 
of nrethra, 367, 368 
of nterns, 389 
of vagina, 389 
of wrist, 809 
Inspiration 

diaphragm’s role in, 91 
physiology of, 82 
Inspiratory stridor, 1082 
Insnffìeieney 
defìnition of, 153 
mitral valve, 154 
Integnmentary system, 3 
skin {see Skin) 

Intermediate, 7-8 
Intermediolateral eell eolnmns, 58 
Intermittent elandieation, 608 
Intermnsenlar septa, 16, 17 
Internal, 6, 8 
Internal rotation, 11 
Interseetions, tendinons, 191, 211 
Intestine(s) {see also Golon; Reetnm) 

large, 227, 246, 248, 325 
arteries of, 245 
eolonoseopy of, 260-261, 261 
fnnetions of, 246 
lymphatie system of, 249 ,252 
veins of, 249 ,252 

malrotation of, 260 

small, 239,239, 241, 244t, 245, 325, 436 
absorption in, 227 
arteries of, 245 
dnodennm {see Dnodennm) 
ilenm, {see Ilenm) 

isehemia of, 258 

jejnnnm, {see Jejnnnm) 

lymphatie system of, 238 

nerves of, 238, 247 

in omental bnrsa, 221-222, 226-227 

radiographie image of, 68 

snrgieal navigation of, 258 

veins of, 245 

Intra-abdominal pressnre, 81 
Intraeranial pressnre, 888 
Intrathoraeie pressnre, 81, 82 
Inversion, i 9, 11 
Investing faseia, 16, 17 
Ipsilateral, 7 
Iris, 907, 908 
Isehemia 

of fìngers, 790 
of intestine, 258 
ofheart, 156 
myoeardial, 156 
of peripheral nerves, 54 
of spinal eord, 506 

isehemie eompartment syndrome, 742 
Isehemie heart disease, 156 
Isehemie stroke, 887 
Isehial bnrsitis, 581 
Isehinm, 328, 513, 516 
body of, 328 
Islets, panereatie, 265 


Isthmns 

of fanees, 935 
of prostate, 376, 378 
of thyroid gland, 986, 1040 
of nterine tnbe, 384 
of ntems, 383, 385 

J 

Janndiee, 283, 287 

Jejnnnm 

anatomy of, 68, 226, 238, 241 
eharaeteristies of, 244 
proximal, 244 
Jogger’s foot, 625 
Joint(s) (in general), 25, 29 
ball and soeket, 27, 28 
biaxial, 27 

eartilaginons, 26 
elassifìeation of, 25-28 
eondyloid, 27, 28 

eraniovertebral, 466-469, 468-469 

degenerative disease of, 28-29 

effnsions, 664 

fìbrons, 25-26 

gomphosis, 25 

hinge, 27, 27 

hyaline eartilaginons, 81 
innervation of, 28 
multi-axial, 28 
nenroeentral, 455 
pivot, 27, 28 

plane, 27 

plane synovial, 80t, 81 

saddle, 27 ,27 
snmmary of, 29 
syndesmosis, 25-26 
synovial, 25, 26-27 

plane, 80t, 81 
vasenlatnre of, 28 
Joint(s) (named) 

aeromioelavienlar, 27, 27, 674, 676, 
793, 795, 796 
artienlation of, 796 
blood snpply to, 796 
eapsnle of, 795, 796 
disloeation of, 813 
ligaments of, 796, 797 
movements of, 796 
nerves of, 796 
ankle 

artienlar snrfaees of, 647-648 
blood snpply of, 650 
eapsnle of, 648, 649-650 
defìnition of, 609 
dorsifìexion of, 649 
injnries of, 665-666 
ligaments of, 649, 652t 
movements of, 649 
nerve snpply of, 650 
plantarfìexion of, 649 
Pott fraetnre—disloeation 
of, 666 

radiographs of, 648 
retinaenla of, 609 
snrfaee anatomy of, 656-657 
atlanto-axial 
eentral, 28, 468 


lateral, 467 
median, 467 
subluxation of, 477 
atlanto-oeeipital, 467, 468, 989 

mnseles that prodnee movement of, 494t 
ealeaneoenboid, 652t, 657 
earpometaearpal 

anatomy of, 27, 28, 672, 811 
of thnmb, 810 

eostoehondral, 73, 80t, 80, 81, 698 
eostotransverse, 77, 80, 81 
eostovertebral, 77, 79, 80t, 80, 81, 90 
erieo-arytenoid, 1023, 1024 
erieothyroid, 1023, 1024 
enneonavienlar, 652t 
elbow, 27, 27, 672, 802 

artienlation of, 800 
blood snpply of, 804 
bnrsae aronnd, 804 
bnrsitis of, 815-816, 816 

eapsnle of, 800 
earrying angle of, 803 
deseription of, 800 

disloeation of, 816-817, 817 
extensor mnseles of, 803 
fìexor mnseles of, 803 
ligaments of, 800, 803, 803 
movements of, 803, 803 
mnseles that move, 803, 803-804 
nerves of, 804 
radiographs of, 802 
tendinitis of, 766 
femoropatellar, 627 
foot {see Foot) 

glenohnmeral, 672, 707, 793, 796 
adhesive eapsnlitis of, 815 
artienlation of, 796 
blood snpply to, 800 
bnrsae of, 800 

eapsnle of, 796-798, 799 
disloeation of, 814-815 

innervation of, 800 
labral tears, 815 
ligaments of, 798-799 
movements of, 799-800, 801t 
nerves of, 799-800 
hip, 28, 510, 626 
arteries of, 632 

artienlar snrfaees of, 626, 629-630 
blood snpply of, 632 
eapsnle of, 630 
eongenital disloeation of, 660 
disloeation of, 660-661 

fìexors of, 546t 
ligaments of, 630, 631 
movements of, 632 
nerves of, 632, 634 
stability of, 628 
snrgieal replaeement of, 660 
interearpal, 809-811 
interehondral, 79-81, 80t, 80, 85 
intermetaearpal, 807, 811 
intermetatarsal, 652t 
interphalangeal, 627, 652t, 658, 672, 
811-812 
distal, 811 

proximal, 658, 755, 811 
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intervertebral, 79, 80t, 332 
eervieal, 491 

mnseles that move, 488-489, 491 
knee, 510, 634 

arteries of, 602, 642-643 
arthroseopy of, 664, 664 
artienlar snrfaees of, 634, 636 
artienlations of, 634, 636 
aspiration of, 664 
blood snpply of, 642-643 
bones of, 634 

bnrsae of, 643-644, 646t, 646 
eapsnle of, 635, 636, 637 
extensors of, 547t 
injnries of, 662-664 
innervation of, 643 
ligaments of 

extracapsular, 636, 638 
intra-artienlar, 639-642 
movements of, 642 
posterior part of, 510 
replaeement of, 665 
stability of, 634, 636 

total knee replaeement arthroplasty, 665 
Inmbosaeral, 332, 332, 627 
of Lnsehka, 465 
mannbriosternal, 78,80,102 
metaearpophalangeal, 27, 28, 672, 774, 811, 
811-812 

metatarsophalangeal, 601, 627, 652t-653t, 
656-657, 658 
midearpal, 809 
pisotriquetral, 809 
radio-nlnar 

distal, 672, 783, 805, 806-807 
proximal, 672, 802, 804-806 
saeroeoeeygeal, 332, 332, 358 
saero-iliae, 330, 332, 332-333,342, 512, 514, 627 
seapnlothoraeie, 675-676 
sternoelavienlar, 80, 721, 794, 1003, 1007 
ankylosis of, 813 
artienlation of, 794 
blood snpply to, 796 
eapsnle of, 793, 794 
disloeation of, 813 
ligaments of, 794 
movements of, 793, 794-796 
nerves of, 796 
sternoeostal, 85, 88 
snbtalar, 530, 650, 658 
taloealeaneal, 652t 
taloealeaneonavienlar, 652t 
taloernral, 609, 627 
talonavienlar, 658 
tarsal, 650 
transverse, 650, 658 
tarsometatarsal, 523, 627, 650, 652t 
temporomandibnlar, 823, 824, 916-921, 
918-919 
arthritis of, 927 
eapsnle of, 845 
deseription of, 824 
disloeation of, 927 
movements of, 920t 
mnseles that move, 922t-923t 
tibiofìbnlar, 627, 644, 645-647 


nneovertebral, 465, 465 
wrist, 771, 809 

arteries of, 759t, 759 
artienlation of, 809 
blood snpply to, 809 
bones of, 679-680, 807 
eapsnle of, 809 
eross-seetion of, 746 
fraetnres of, 686, 817,818 
innervation of, 809 
ligaments of, 809 
movements of, 809, 810 
mnseles that move, 809 
synovial eyst of, 767 
zygapophysial, 332, 440, 443, 466 
degeneration of, 480 
disease of, 480 
injnry of, 480 
osteoarthritis of, 506 
pain in, 480 
xiphistemal, 78 
Toint(s) (of regions) 
of foot, 644 
of forefoot, 653t 
ofhand, 811 
of leg, 644 

of newborn eraninm, 28 
of pelvis, 332 
of thoraeie wall, 79-81 
of vertebral arehes, 466 
of vertebral bodies, 464-465 
of vertebral eolnmn, 464-469, 467 
Jnnetion 

anoreetal, 410, 413 
eostoehondral, 85 

dnodenojejnnal, 238, 239, 239, 242-243, 245 
esophago-gastrie (gastro-esophageal), 229, 
230, 322 

ileoeeeal, 239, 241, 243 
pharyngo-esophageal, 1032,1036, 1038 
reetosigmoid, 368, 410 
seleroeorneal, 908 
xiphistemal, 698 

K 

Kegel exercises, 434 
Keloids, 14 
Keratoerieoid, 1024 
Kidneys 

anatomy of, 290-293 
arteries of, 295, 295 
ealenli of, 300 

eongenital anomalies of, 299-300 
eysts of, 298 
eetopie, 298 ,299 
embryology of, 299-300 
failnre of, 224 
fnnetion of, 290, 292 
horseshoe, 299 
left, 226, 323 

lymphatie system of, 296-297 ,297 
nerves of, 297 ,297 
right, 226, 323, 325 
snpemnmerary, 299 
transplantation of, 298 
veins of, 295, 295 
Klinefelter syndrome, 106 


Klnmpke paralysis, 730 
Knee joint (see also Fossa[e], popliteal) 
anatomy of, 510 
arteries of, 602, 642-643 
arthroseopy of, 664, 664 
artienlar snrfaees of, 634, 636 
artienlations of, 634, 636 
aspiration of, 664 
blood snpply of, 642-643 
bones of, 634 

bnrsae of, 643-644, 646t, 646 
eapsnle of, 635, 636, 637 
deseription of, 634 
extensors of, 547t 
injnries of, 662-664 
innervation of, 643 
ligaments of 

extracapsular, 636, 638 
intra-artienlar, 639-642 
movements of, 642 
posterior part of, 510 
replaeement of, 665 
stability of, 634, 636 

total knee replaeement arthroplasty, 665 
Kyphoseoliosis, 481 
Kyphosis 

defìnition of, 470 
excessive, 480 

L 

Labia majora, 205, 206, 365, 386, 407, 

429-430 

Labia minora, 383, 386, 407, 429 
Labinm majns, 428 
Labinm minns, 428 
Labrnm 

aeetabnlar, 629 
glenoid, 796, 798, 815 

Labyrinth 

bony, 970, 974, 975 
eoehlear, 974, 975 
membranons, 974, 975 
vestibnlar, 974, 975 
Laeerations 
eerebral, 886 
eomeal, 912 
deseription of, 15 
faeial, 860 

of femoral artery, 560 
of palmar arehes, 790 
of sealp, 864 
of thoraeie dnet, 176 
Laerimal apparatns 

anatomy of, 891, 892, 892-893 
snrfaee anatomy of, 907-909 
Laerimal bone, 823-824, 826, 889 
Laerimal lake, 892, 893, 909 
Laerimal pnneta, 892, 909 
Laeteals, 246 

Laenna, venons, lateral, 868, 870 
Lambda, 823, 828t, 829, 830 
Lamina 

eapillary, of ehoroid, 894, 905, 907 
of erieoid eartilage, 1025,1027,1031,1033 
spiral, 975, 976 
of vertebral areh, 466 
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Lamineetomy 

of eervieal vertebrae, 457 
of Inmbar vertebrae, 460 
Langer lines {see Tension lines of skin) 
Laparoseope, 397 
Laparoseopy 

deseription of, 260 
pelvie viseera examined nsing, 397 
tnbal ligation, 391 
Laparotomy, 223 
Large intestine 

anatomy of, 227, 246 ,248 
arteries of, 245 
eolonoseopy of, 260-261 ,261 
defìnition of, 246 
fnnetions of, 246 
lymphatie system of, 249, 252 
veins of, 249, 252 
Laryngeetomy, 1046 

Laryngopharynx, 1023, 1025,1031-1033, 

1035-1036 
Laryngoseopy, 1044 
Larynx 

age ehanges in, 1046-1047 
arteries of, 1029-1030 
eaneer of, 1046 
eompartments of, 1026 
eontents of, 1023 
deseription of, 1022-1023 
folds of, 1026 

mnseles of, 1027, 1029 
nerves of, 1027, 1030 
skeleton of, 1022, 1023 
veins of, 1030 
Lateral, 7-8 

Lateral projeetions, 127 
Lateral rotation, 11 
Laterality terms, 7 
Leg 

arteries of, 594, 594t, 594 

eompartments of 
anterior 

anatomy of, 533, 545, 571, 588 
artery in, 594 
mnseles of, 589, 592 
nerve of, 592, 593t, 593 
infeetions, 605 
lateral 

anatomy of, 588, 59It, 595-596 
blood vessels in, 596 
mnseles in, 595-596 
nerves in, 596 
medial, 533, 571 

posterior 

anatomy of, 533, 571, 588, 597, 599 
arteries in, 602-603 

mnseles of, 596-602,597t-598t, 600-602 

nerves in, 602 
joints of, 644 
mnseles of, 589, 592 
nerves of, 592, 593t, 593 
snrfaee anatomy of, 603-604 
venons retnm from, 607-608 
Leptomeningitis, 876 
Leptomeninx, 865, 872, 874 
Level of eonseionsness, 837 
Ligament(s) (in general) 


aeeessory, 26, 466 
glnteal, 563 

skin 

anatomy of, 13, 14 
of snbentaneons tissne, 16, 17 
Ligament(s) (named) 

aeetabnlar, transverse, 629 
aeromioelavienlar, 799 
snperior, 793 

of aeromioelavienlar joint, 796, 797 

alar 

anatomy of, 468, 469 
rnptnre of, 477 

anoeoeeygeal, 342, 342,365,407, 410, 421, 452 

arenate 

lateral, 306, 306, 311, 312 
medial, 306, 306, 310, 312 
ary-epiglottie, of larynx, 1023, 1024 
broad, of the nterns, 343, 333, 386, 387 
ealeaneoenboid, 654 
ealeaneofìbnlar, 648, 654, 666 
eardinal, 346, 346, 347, 349, 352t, 387, 388, 
399, 407 

earpal 

palmar, 690, 763 
transverse, 689 
of earpometaearpal joints, 812 
eervieal 

lateral, 345, 346 

transverse, {see Ligament, eardinal) 

eheek, 903 
eoeeygeal, 498 
eollateral 

fìbnlar, 636, 638, 640-641, 662 
lateral, 635 

radial, 800, 807-808, 809, 811 
tibial, 635, 636, 637-639, 641, 662 
nlnar, 802, 803, 803-804, 809 
eonoid, 675, 796, 799 

of Gooper, 202 

eoraeo-aeromial, 721, 793, 798 

eoraeoelavienlar 

anatomy of, 675, 676, 721, 796 
mptnre of, 814 
eoraeohnmeral, 799 
eoronary, 221, 269, 270, 638, 642 
eostoelavienlar, 721, 793, 794 
eostotransverse 
anterior, 81 

lateral, 80, 81, 92, 467, 487 

posterior, 81 

snperior, 80, 81,487 
eraniovertebral, 468 
erieo-arytenoid, 1025 
erieothyroid, 1039 
lateral, 1023, 1025 
median, 1023 
erieotraeheal, 1023, 1024 
emeiate 

anterior, 637, 639-641, 642 
injnries to, 663, 663 
posterior, 599, 637, 639-641, 642 
of vertebrae, 468 
deltoid, 648, 649 
dentienlate, 49, 473, 499, 524 
faleiform, 201, 202, 226, 233,259, 269, 269,322 
fnndiform, of penis, 191, 365, 421 


gastroeolie, 219 

gastrophrenie, 219,22i 

gastrosplenie, 219, 264 ,264 

glenohnmeral, 799 

of glenohnmeral joint, 798-799 

glnteal, 563 

of head of femnr, 630 

hepatodnodenal, 219, 221, 241, 270 ,271 

hepatogastrie, 219, 221, 270 ,271 

hnmeral, transverse, 704, 731, 734, 793, 798-799 

iliofemoral, 630 

iliolnmbar, 311, 311-312, 332, 563, 631 
ingninal, 186, 188, 190,194, 202, 202-203, 
204, 210, 510, 533, 552 
interelavienlar, 793, 794 
intermetatarsal, 655 
interspinons, 466, 467, 505 
intertransverse, 467, 467 
intra-artienlar, 80, 81, 99 
isehiofemoral, 563, 630 
laennar, 202, 203, 552, 561 

lateral 

of the bladder, 346, 346 
of temporomandibnlar joint, 919, 920 
longitndinal 

anterior, 80t, 80, 90, 306, 443, 465, 
466-468, 631, 986 

posterior, 465, 466-468, 473, 475, 487 
Inmboeostal, 311 
inmbosaeral, 487 
Maekenrodt, 346, 346 
meniseofemoral, posterior, 640, 642 
metaearpal, deep transverse, 811, 812 
metatarsal, snperfìeial transverse, 690 

nnehal, 466, 467, 485t, 486, 986, 987 
ovarian, 205 
of ovary, 387 
palmar, 754, 755, 811 

palpebral 

lateral, 852, 892, 892 
medial, 848, 892 

patellar, 547, 557, 557, 579, 592, 603, 604, 
636, 638, 656 

peetineal, 202, 203, 552, 631 
perieardiaeophrenie, 128 ,129 
peritoneal, 218 
phrenieoeolie, 221, 251 
phrenieo-esophageal, 229, 230 
pisohamate, 778, 809 
plantar, 615, 654, 655 

popliteal 

arenate, 635, 636 
oblique, 572, 636 
Poupart, 188 
pubie 

inferior, 332, 340, 403, 408 
snperior, 332, 333 
pnbofemoral, 630 

pnboprostatie, 346, 346, 364, 365, 376, 377 
pnbovesieal, 346, 347, 364, 336 
pnlmonary, 108, 112, 113 
radiate, 80t, 80, 90 

radioearpal 

anatomy of, 745, 758, 763, 808 
dorsal, 809 
palmar, 809 
reetal, lateral, 348 
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retinacular, 754 
ronnd, 201 

of liver, 202, 269, 270, 356 
of ntems, 205, 206, 347, 383, 386, 387, 577 
saeroeoeeygeal, 461 
anterior, 340 
posterior, 332, 563 
ventral, 631 
saerogenital, 346, 346 
saero-iliae 

anterior, 330, 333, 631 
interosseons, 330, 333 
posterior, 332, 333, 563 
saerospinons, 332, 333, 342, 563, 567, 631 
saerotnberons, 332,333, 403, 563,563, 567, 631 
sphenomandibnlar, 919, 920, 925 
spiral, 975, 976 
splenorenal, 245, 264, 264 
spring, 654 

stemoelavienlar 

anterior, 794, 1020, 1051 
posterior, 794 
stemoeostal, 78 
radiate, 80, 81, 88 
stemoperieardial, 128 

stylohyoid, 984, 984, 1002t, 1002,1034, 1037t 
stylomandibnlar, 919, 920, 987 
snbtalar, 650 

snpraspinons, 467, 505, 563 

snspensory 

axilla, 177, 688 , 689 
of breast (Gooper), 98, 98 
of eyeball, 903, 907 
of lens, 895, 897 

of ovary, 344t, 347, 365, 382, 383-384, 

386, 387 

of penis, 365, 421, 422 
taloealeaneal, 650 
taloealeaneonavienlar, 650 
talofìbnlar 

anterior, 648, 649, 666 
posterior, 648, 649 
talonavienlar, 649 
thyro-epiglottie, 1023, 1024 
thyrohyoid 

lateral, 1023, 1024 
median, 1023, 1024 
tibiofìbnlar, 641, 647 

transverse 
of atlas 

anatomy of, 446, 447, 468, 983 
rnptnre of, 477, 477 
ofknee joint, 641, 642 
snperior, 722 
trapezoid, 796 

triangnlar 

left, 269, 270 
right, 269, 270 

nmbilieal 

medial, 347, 350, 354 
median, 201, 213, 347, 365, 374 
nterosaeral, 347, 387 
of nterns, 387 
vestibnlar, 1023, 1025 
voeal, 1023, 1024, 1025 ,1026 

Ligament(s) (of regions) 

of elbow joint, 800, 803, 803 


of foot, 649, 649, 652t, 654 
of hip joint, 630, 631 

of interearpal joints, 810 
of intermetaearpal joints, 812 
of knee joint 

extracapsular, 636, 633 
intra-artienlar, 639-642 
of pelvie girdle, 330-332, 563 
of pelvis 

anatomy of, 631 
dnring pregnaney, 336 
relaxation of, 336 
of vertebral eolnmn, 467, 473 
of wrist, 809 

Ligamentnm arteriosnm, 150, 163, 167-168 
Ligamentnm fìavnm, 443, 464, 466, 467, 473,1031 
Ligamentnm teres, 270 
Ligamentnm venosnm, 271 
Ligation 

of ovarian artery, 361 
of nterine tnbes, 391 
Limb 
lower 
bones of 

deseription of, 511-525 
snrfaee anatomy of, 519-520 
eontnsions, 558 
entaneons innervation of, 536, 

537t-538t, 538 
dermatomes of, 538, 539 
development of, 510, 511, 512 
foot {see Foot) 
free, 510, 510 
injnries of, 525-526 

joints of (see speeifiejoint) 
leg {see Leg) 

lymphatie system of, 535-536 
nerves of, 537t-538t, 538, 539 
overview of, 510 

popliteal fossa {see Fossa, popliteal) 
regional anesthetie nerve bloeks of, 541 
regions of, 510, 510 
snbentaneons tissne of, 532 
npper limb vs., 673 


vems 


of 


deep, 535 

snperfìeial, 532, 535 

npper 

arm {see Arm) 
axilla 

apex of, 713, 714 

arteries of {see Arteries, axillary) 

base of, 713, 714 
bonndaries of, 714-715 

braehial plexus {see Plexus, braehial) 
eontents of, 715 
defìnition of, 713 

lymph nodes of {see Lymph nodes, axillary) 
snrfaee anatomy of, 707-708 
veins of, 719 

walls of, 699, 713-715, 714, 718, 733 
bones of, 673-683 (see also speeifie hone) 
eompartments of, 690 
entaneons nerves of, 693 
dermatomes of, 693, 694t, 694 
faseia of, 688-689, 690 

forearm {see Forearm) 


hand {see Hand) 
injnries to, 683 
joints of, 793-818 
lower limb vs., 673 
lymphatie system of, 691-693, 693 
mnseles of (see also speeifie mnsele) 
axio-appendicular 

anterior, 697, 698t, 698 
posterior, 700-709 
innervation of, 722t-723t 
seapnlohnmeral, 704-707 
nerves of, 692, 722t-723t 
regions of, 672 
segments of, 672, 672-673 
snperfìeial veins of, 689, 691 
veins of, 689, 691, 761 
Limbns 

eorneal, 908 

sphenoidal, 832, 834, 835 
Line 

anoentaneons, 410 
anoreetal, 410 

arenate, 192, 193, 201, 330, 329 
of arrested growth, 24 
axial, 538 

axillary 

anterior, 102, 103 
posterior, 102, 103,119 
eostal, 110 

left, 109 

defìnition of, 21 

dentate, 416 
epiphysial, 22 

glnteal, 514 
anterior, 513 
inferior, 513 
posterior, 513, 515 
intereondylar, 517 
intertroehanterie, 513, 518, 631 
jngnlar, 185 

median 

anterior, 102, 103 
posterior, 103 
midaxillary, 102 

midelavienlar, 102, 102,185, 188,232 
mneoentaneons, 416 
Nélaton, 578-579 

nnehal 

inferior, 493t, 493, 829, 831 
snperior, 495t, 495, 826, 829, 829, 831 
oblique, 1002t, 1002,1024 
posterior, 674 
paravertebral, 119 
peetinate, 419, 413, 416 
peetineal, 517, 518 
pelvie pain, 361, 385, 389, 399, 422 
of plenral refìeetion, 109-110 
seapnlar, 94, 103, 119 
semilnnar, 185, 211 
soleal, 21, 513, 521, 598 
spino-nmbilieal, 188, 199, 259 
spiral, 518 
stemal, 109, 110 

snpraeondylar 

lateral, 513, 517,518 
medial, 513, 517, 518, 553 
tarsometatarsal, 524 
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Line {eontd .) 
temporal, 824 

inferior, 823, 826, 827, 829 
snperior, 823, 826, 827, 829 
tension, 13, 14 
trapezoid, 675 
vertebral, 110 
vertieal, 513 
Z-, 229, 230 

Linea alba, 186, 188, 189-190,192, 192-193, 

211, 365, 422 


Linea aspera, 513, 517, 518, 549 
Linea nigra, 211 
Linea semilnnaris, 210 
Linea terminalis, 330 
Lingnla, 107,109,112, 113 

Lip(s) 

anatomy of, 928-929 
eleft, 946, 946 
eyanosis of, 946 
ileoeolie, 248 
mnseles of, 844-847 
squamous eell eareinoma of, 864 
Liposnetion, 188 
Lithotripsy, 300, 373 

Liver 

arteries of, 272 
bare area of, 269, 270 
bile flowin, 275 

biopsy of, 286 
blood flow in, 275 
blood vessels of, 272 
eirrhosis of, 254, 284-285, 417 
eompnted tomography of, 323 
fnnetions of, 268 

innervation of, 272, 276, 276-277 ,278 
left, 271 
lobeetomy, 283 

lobes of, 269, 270-272, 274t, 293, 325 


lymphatie system of, 276, 276-277 
nerves of, 276, 277 ,278 
parasympathetie stimnlation, 65t 

right, 271 
mptnre of, 284 

segmenteetomy of, 2 73, 283-284 
snbdivisions of, 272, 274 
snrfaees of 

diaphragmatie, 221, 269 
viseeral, 221, 270 
sympathetie stimnlation, 65t 
nltrasonnd of, 322 
veins of, 272 
weight of, 268 
Lobe(s) 

of brain, 878, 879, 884, 961 
frontal, 878, 879, 884, 961 
of liver, 269, 270-272, 274t 

of Inng 

azygos, 122 
inferior, 111 

right lower, 119 
right middle, 119 
right npper, 119 

snperior, 111 
variations in, 122 

oeeipital, 878, 879,1063 
parietal, 878, 879 


of prostate gland, 378-379 
temporal, 878, 879, 884, 1079 
Lobeetomy, 124, 283 
Lobule(s) 

of anriele, 967 
of ear, 967 
fat, of breast, 98 
mammary gland, 98 
Loeomotion, 440 
Loeomotor apparatns/system, 4 
Longitndinal seetions, 6-7 
Lordosis, 197, 470, 480-481, 481 
Low baek pain, 480 

Lnmbar spinal pnnetnre, 505, 505-506 

Lnmina, 36 

Lnminal blood, 157 

Lnmpeetomy, 105 

Lnnate 

anatomy of, 679, 680, 791, 807 

avasenlar neerosis of, 817 
disloeation of, 817 
Lung(s) 

anatomy of, 18,127 
apexof,i99, 111, iii, 128 

appearanee of, 122 

arteries of, 116 

ansenltation of, 122 

base of, 113 

border of, anterior, 113 

earbon partieles inhaled into, 122-123 

eollapse of, 120, 120-121 

eostal snrfaees of, iii, 113 

deeortieation of, 122 

development of, 129 

fnnetion of, 111 

hilnm of, 108, 113 
internal strnetnre of, i i 5 
irritants inhaled into, 122-123 
left,i59, i77, 179, iS3 
apex of, 109 
eardiae noteh of, i 09 
eostal snrfaees of, iii 
inferior lobe of, ÌÌÌ 

lobes of, 111, 113, 115 
lower, 119 
lobes of 

right lower, 119 
right middle, 119 
right npper, 119 
snperior, 111, 124 
variations in, 122 

lymphatie system of, 117-118 ,118 
mediastinal snrfaee of, iii, 113 
nerves of, 118-119 ,119 
organization of, i i 5 
parasympathetie stimnlation, 65t 
perenssion of, 123 ,123 
reseetion of, 124 
right, i 59, i 77, 179 

eostal snrfaees of, iii 

lobes of, 113, 115 
roots of, 108, 111-112, 113, 137 
snrfaee anatomy of, 119-120 
sympathetie stimnlation, 65t 
vasenlatnre of, 116-118 
veins of, 116-117 
Lnnnle, 144, 154 
Lymph, 43 


Lymph nodes 
aortie areh, 118 

apieal, 101, 719, 729 

axillary 

anatomy of, 101, 195, 195, 691, 715 
anterior, 44, 719, 729 
apieal, 692, 693 
eentral, 44, 693, 720 
disseetion of, 728 
enlargement of, 728 
hnmeral, 692, 693, 719, 729 
lateral, 692, 693 
peetoral, 693, 719, 729 
posterior, 44, 719-720 
snbseapnlar, 693, 719-720 
braehioeephalie, 170, 1020 
bronehomediastinal, 118 
bronehopnlmonary, 112, 117 , 118 
bneeal, 859, 968 
eaneer metastasis via, 45 

eeliae, 230, 243, 267, 280, 308, 316 
eentral, 101, 720 
snperior, 246, 246 
eervieal 

deep, 720, 858, 859, 915, 944, 945, 968, 
982, 998,1021, 1030,1038 ,1039 
inferior, 101,118, 944, 1020, 1021, 
1030, 1051 

snperfleial, 859, 915, 967, 968,1021, 1051 

elavienlar, 721 
eolie 

intermediate, 253 
middle, 246, 251 


right, 246, 251 

enbital, 44, 691, 691, 693, 741 
eystie, 277, 278-279, 316 
deflnition of, 43 
deltopeetoral, 691, 692, 693 
diaphragmatie 
anterior, 307, 398 
posterior, 307, 398 
epieolie, 252 
gastrie, 234, 238 
left, 230, 231, 277 


gastro-omental, 234, 238, 256 
glnteal, 577 

hepatie, 267, 276, 277, 279, 398, 316 
hnmeral, 101, 720 
ileoeolie, 244, 246, 249 
iliae, 44 

eommon, 296, 316, 316, 357, 357, 
400-401, 577, 622 

external, 316, 356-357, 357, 400-401, 



internal, 316, 357, 357, 400-401, 414, 418 
infraelavienlar, 101, 720, 721 
infrahyoid, 944,1039 
ingninal, 190 

deep, 44, 400-401, 418, 536, 536, 587, 
620, 622 
enlarged, 541 

snperfleial, 44, 195, 195, 400, 414, 419, 
431, 535, 536, 577, 620, 622 
interpeetoral, 101, 720 

intrapnlmonary, 118 

jngnlodigastrie, 944, 1038, 1039 
jngnlo-omohyoid, 944, 945, 968 ,1039 
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juxta-intestinal, 246, 246 
lumbar, 44, 210, 307, 316, 316, 357, 

400^01, 577 
mastoid, 854, 859, 968 
mediastinal, posterior, 44, 169, 170, 277, 

307, 308 

mesenterie, 246, 246 
inferior, 253, 316, 357, 400-401 
snperior, 241, 243, 246, 249, 267 
oeeipital, 859, 968,1039 
panereatieodnodenal, 234, 238, 243, 277 
panereatieosplenie, 234, 238, 243, 265, 267 
paraeolie, 251 
parareetal, 357, 400-401 
parastemal, 89,101,170, 195,277,307, 

308, 720 

paratraeheal, 118,161, 1020, 1021, 1029, 
1030, 1036, 1038 

parotid, 858, 915, 919, 966, 968,1039 
peetoral, 99 ,101 
phrenie, 276-277, 316 

popliteal 

anatomy of, 44, 536, 536, 620, 622 
deep, 587 
snperfìeial, 587 
pre-aortie, 210 
prelaryngeal, 1020, 1021 

pretraeheal, 1020, 1021,1029, 1030 

pnlmonary, 117, iiS 

pylorie, 234, 238, 241, 243, 256, 277 
retro-anrienlar, 1039 
retropharyngeal, 859, 944, 968,1039 
saeral, 357, 357, 400-401 
sentinel, 125 
splenie, 243 

snbmandibnlar, 858, 859, 929, 929, 934, 943, 
968, 998, 999,1007, 1021,1039 
snbmental, 858, 859, 929, 929, 944, 968, 999, 
1000, 1007, 1021,1039 

snbseapnlar, 101 
snperior, 308 

snpraelavienlar, 101, 125, 720, 721,1051 
traeheobronehial, 168,170 
inferior, 117, ÌÌS, 148 
snperior, 117, 118 
Lymphadenitis, 46 
Lymphadenopathy, 541, 625 
Lymphangitis, 46, 728 
Lymphatie system 
of abdominal wall 
anterolateral, 195 
posterior, 316, 316 
of anal eanal, 413-414 
of appendix, 249 
of anriele, 966-967, 968 
of bile dnet, 277 
of breasts, 99,101 
of eeenm, 249 

of eervieal region, lateral, 999-1000 
eomponents of, 43-45, 44 
defìnition of, 3 
of diaphragm, 308 
disorders of, 45-46 
of dnetns deferens, 400 
of dnodennm, 241, 243 
of ejaenlatory dnets, 400 
of faee, 858, 859 


of foot, 620, 622 

fnnetions of, 43, 45 
ofgallbladder, 277, 279-280 
of glnteal region, 577-578 
ofhead, 1039 
of heart, 148 
of kidneys, 297 
of large intestine, 252, 253 
of liver, 276, 276-277 
of lower limb, 535-536 
of Inngs, 117-118 ,118 
of neek, 1039, 1051-1052 
of panereas, 267 
of pelvis, 356, 357, 357 
of plenrae, 117-118 ,118 
of reetnm, 400, 402 
of sealp, 858, 859 
of serotnm, 207, 419 
of seminal glands, 400 
of small intestine, 238 
of spleen, 267 

Starling hypothesis applied to, 43 
of stomaeh, 234, 238 
snmmary of, 46 

of snprarenal glands, 296-297, 297 
of testis, 267 
of thigh, 577-578 

of thyroid gland, 1020 

of tongne, 943, 944 
of npper limb, 691, 692-693, 693 
of nreters, 296-297, 363, 374 
of nrethra, male, 400, 418 
of nrinary bladder, 374 
of ntems, 400, 402 
of vagina, 400, 400, 402 
of vnlva, 431 
Lymphatie vessels 
deep, 44 
defìnition of, 43 
snperfìeial, 44 
Lymphedema, 47,104, 728 
Lymphoeytes, 43 

M 

Maenla Intea, 897 
Magnetie resonanee imaging 
deseription of, 68-70, 76 

of larynx, 1026 

of pelvis, 434-438 

of thorax, 180 

Malar fìnsh, 837 
Malleolar mortise, 647 
Malleolns 

defìnition of, 21 
lateral 

of fìbnla, 21, 510, 513, 521-522,522, 
580, 603 

fraetnres of, 528 
of tibia, 521, 521, 622 

medial 

of fìbnla, 510, 513, 522, 522, 525, 596, 
601, 658 
fraetnres of, 528 
of tibia, 521, 521, 622, 658 
Mallet fìnger, 766 
Mallens, 966, 967, 976, 971 
Mammography, 105 ,105 


Mandible 

age-related ehanges, 840 
anatomy of, 827, 945, 986,1022 
border of, 823-824 
development of, 840-841 
fraetnres of, 837-838 
mnseles that move, 922t-923t 
Mannbrinm, 73, 78, 73-36, 94, 99, 119,128, 

673, 698t, 936, 1014,1031,1050 

Margins 

eostal, 26, 73, 75, 76, 79,100, 102, 103, 210, 325 
faleiform, 532, 534 
infra-orbital, 825, 325 
orbital, lateral, 836 
snpra-orbital, 825, 325 
Masteetomy, 105 
Mastoiditis, 979 

Matter 

gray, 4 7 
white, 47, 49 

M axilla 

anatomy of, 823-824, 825, 325, 827, 831, 952 
fraetnres of, 837 
Meatns 
aeonstie 

extemal, 323, 326, 828, 854, 917, 967, 967, 
969 ,1004 

intemal, 329, 834, 966, 969, 975, 976, 977, 
1071 

nasal 

eommon, 959 
inferior, 957, 959, 962 
middle, 957, 958 
snperior, 957, 958 
Medial, 7-3 
Medial rotation, 11 
Median episiotomy, 414 
Median stemotomy, 84-85 
Mediastinal shift, 121 
Mediastinal silhonettes, 176 
Mediastinoseopy, 133 
Mediastinotomy, 175 
Mediastinnm 

anatomy of, 107, 229 
anterior, 128, 171, 179 
base of, i 16 

biopsy of, 132-133 

eentral, 108 
defìnition of, 127 
inferior, 127 ,128 
levels of, 128 
middle, 128, 128 
overview, 128,134 

posterior 

anatomy of, 128 
autonomic nerves of, 172 
blood vessels of, 169-170 
eontents of, 166-171 

deseription of, 166 

esophagns, 168, 179 
nerves of, 170-171 
thoraeie aorta, 167-168 
thoraeie dnet, 169 
snbdivisions of, 128 
snperior 

anatomy of, 127,123 
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Mediastinum {eontd .) 

antonomie nerves of, 172 
bonndaries of, 160 
eontents of, 160-165 
deseription of, 160 
disseetion of, 162,165 
esophagns, 166 
great vessels of, 161-163 
nerves in, 163-165 
thymns, 161 

traehea, 165-166,179 
viseera relative to, 132 
widening of, 133 
Mediolateral episiotomy, 415 
Mednlla, snprarenal, 294 

parasympathetie stimnlation, 65t 
sympathetie stimnlation, 65t 
Mednlla oblongata, 496, 866, 878, 879,1022 
Membrane 

atlanto-oeeipital, 467-468 
anterior, 467, 468-469 
posterior, 467, 468-469, 493t, 493 
basilar, 976 

eostoeoraeoid, 688 , 689 
erieovoeal, 1023 
fìbro-elastie, of larynx, 1023 
intereostal 

external, 87, 90 
intemal, 87, 90 

interosseons, 26, 521, 521, 533, 588, 59It, 
596, 627, 644, 647, 679, 688, 745 
mneons, 1025 

obtnrator, 333, 338, 340, 631 
perineal, 346, 365, 369, 407-408, 409, 421, 
429, 438 

quadrangular, 1023, 1024-1025,1044 
snpraplenral, 91,107, 109 

synovial 

of hip joint, 632 
inferior, 916 
of knee joint, 636 
snperior, 916 

of temporomandibnlar joint, 916 
teetorial, 468, 469, 976, 976 
thyrohyoid, 1023, 1024, 1036 

tympanie 

anatomy of, 839, 966-967, 969 
perforation of, 978-979 
seeondary, 974, 976 
vestibnlar, 976, 976 
Ménière syndrome, 979-980 
Meninges 

anatomy of, 47, 49, 843 

araehnoid mater {see Araehnoid mater) 
deseription of, 865 
development of, 505 
dnra mater {see Dnra mater) 
fnnetion of, 865 
layers of, 865 
pia mater {see Pia mater) 
spaees, 872 
spinal, 500, 502 
Meningitis, 500 

Menisens, of knee joint 
deseription of, 636, 642 
lateral, 641, 642 
medial, 641, 642 


movements of, 642 
tears of, 663 
Mesenehyme, 22 
Mesentery, 219, 220, 239, 243 
Mesiodens, 947 
Meso-appendix, 219, 248, 249 
Mesoeolon 

deseending, 245 
sigmoid, 239, 245, 253 
transverse, 219, 220, 221, 242, 245, 
251,293 

Mesopnenmoninm, 113 
Mesosalpinx, 382, 387 
Mesovarinm, 387 
Metaearpals 

Ist, 27 
2nd, 807 
3rd, 755, 807 
4th, 807 
5th, 807 

anatomy of, 674, 680 
fraetnre of, 687 
general images of, 20 
radiographs of, 807 
Metaphysis, 22 
Metastasis 

of breast eareinoma, 104 
of bronehogenie eareinoma, 125 
hematogenons, 125 
to liver, 284 
lymphogenie, 104 
methods of, 45 
of serotal eaneer, 215 
of testienlar eaneer, 215 
Metatarsals 

Ist, 524, 525, 601, 623 
2nd, 524 
4th, 530 

5th, anatomy of, 513, 524-525, 

525, 530 

anatomy of, 20, 609 
fraetnres of, 530, 530 
head of, 525 
shaft of, 525 
Metatarsns, 524 
Mietnrition, 366 
Midbrain, 878, 879, 1063 
Midfoot, 609 
Midgnt, 258 ,259 
Modiolns, 846, 976 
Monro-Kellie doetrine, 881 
Mons pnbis, 328, 403, 428-429, 438 
Motion siekness, 979 
Motor system, somatie, 57 
Month, mnseles of, 844-847 
Movement terms, 7-11, 9-10 
Mneosa 

alveolar, 929, 930, 930 
labial, 930 
nasal, 956 

olfaetory, 1062 

oral, 929 
palatine, 929 
Mnmps, 926 
Mnrmnrs, 153 

Musele(s) (in general) 
abdominal, 87 


agonist, 34 
antagonist, 34 
arteries to, 34-35 

axio-appendieular 

anterior, 697, 698t, 698, 800 

posterior 

deep, 703-706 
snperfìeial, 700-703, 704 
bipennate, 31, 31 
eardiae 

eharaeteristies of, 30t, 36 
defìnition of, 29 
eirenlar, 31, 31 
eontraetion of, 31, 33-36 
detrnsor, 366 
dorsifìexor, 1 7 
dysfnnetion of, 35 
eleetromyography of, 36 
evertor, 1 7 
extensor, 34 
extra-ocular, 898-903 
fìxators, 34 
fìat, 31, 31 
fìexor, 33, 746 
fnnetions of, 34 
fnsiform, 31, 31 
glnteal, 565-566 
gnarding of, 198 
hyoid, 1000 
insertion of, 33 
involnntary, 36 

of mastieation, 921, 922t-923t 
motor nnit of, 34 
of month, 844-847 
mnlti-bellied, 31 
mnlti-headed, 31 
mnltipennate, 31, 31 
nerves to, 34-35 
origin of, 33 
paralysis of, 35, 861 
pennate, 31, 31 
prevertebral, 1013 
prime mover, 34 
“pnlled,” 35 
quadrate, 31, 31 
seapnlohnmeral, 704-707, 800 
shnnt, 34 
skeletal 
belly of, 31 

eardiae mnsele vs., 36 
eharaeteristies of, 30t 
eoneentrie eontraetions of, 33 
eontraetion of, 33-36 
defìnition of, 29 

eeeentrie eontraetions of, 33, 35 

elongation of, 35 

form and featnres of, 29, 31 

fnnetions of, 34 

growth of, 35-36 

isometrie eontraetions of, 33 

isotonie eontraetions of, 33 

phasie eontraetion of, 33-34 

refìexive eontraetion of, 33 

regeneration of, 35-36 

satellite eells of, 35-36 

shape of, 29, 31 

tonie eontraetion of, 33 











Index 


1113 


smooth 

eharaeteristies of, 30t, 36 
defìnition of, 29 
hyperplasia of, 37 
hypertrophy of, 37 
sphineteral, 31, 3i 
spnrt, 34 
stretehing of, 35 
snboeeipital, 493t, 493 
snmmary of, 36 
synergist, 34 

thoraeo-appendienlar, 87, 697 
nnipennate, 31, 3i 
Muscle(s) (named) 

abdominal, transverse, 89,189-190, 191, 192, 
204, 312 

abdnetor digiti minimi, 31, 523, 612t, 612, 
616, 770, 775, 777t, 778, 778 
abdnetor hallneis, 523, 571, 593t, 593, 612t, 
612, 615, 623 

abdnetor poUicis brevis, 770t, 770, 775, 777, 778 
abdnetor pollieis longns, 745, 752t, 753, 
756-757, 770, 774, 775, 780 
addnetor brevis, 550, 571 
addnetor hallneis, 523, 553, 613t, 613, 615 

addnetor longns 

anatomy of, 32, 491, 549t, 550, 556 
injnry to, 560 

addnetor magnns, 549t, 550, 565, 567, 571, 
580, 632, 635, 638 
addnetor pollieis, 753, 788 
aneonens, 677, 726, 734, 735t, 736, 753 
arreetor of hairs, 13, 13 
artienlar, of knee, 548, 548 
arytenoid 

lateral, 1027 ,1027 
oblique, 1027, 1028t 
posterior, 1027, 1029 
transverse, 1027, 1028t 
anrienlar, 919, 968 
anterior, 962 
snperior, 844 
bieeps braehii 

anatomy of, 11, 32, 699, 704, 715, 725, 
731-733, 734t, 745, 793 
refìex testing, 741 
snrfaee anatomy of, 739-740 
tendinitis of, 741 

bieeps femoris, 34, 565, 567, 570t, 570, 572, 
583, 586, 599, 638-639 
braehialis, 725, 734t, 735, 740, 745, 758, 763 
braehioradialis, 32, 726, 735, 737, 745, 751t, 
751, 753, 758, 763, 770, 783 
bneeinator, 845, 846, 846t, 848, 850, 915, 

918, 925, 929, 962 

bnlbospongiosns, 389, 389, 406, 421, 423, 
424t, 429 

ehondroglossns, 1002t, 1002 

eiliary, 898, 907,1064 
eoeeygens, 339, 340-341, 346, 358 
eompressor nrethrae, 408, 424t 
eonstrietor 

inferior, 1036, 1037t, 1038 
middle, 845,1035, 1036, 1037t, 1038 
snperior, 1034, 1037t, 1038 
eoraeobraehialis, 698t, 699, 725, 734t, 734, 
733-735 


eorrngator snpereilii, 845, 848 
eremaster, 190, 204, 206, 422 
erieo-arytenoid 
lateral, 1028t 
posterior, 1028t 

erieopharyngens, 229 ,1022 
erieothyroid, 1020, 1028t, 1029 
deltoid, 11, 32, 483, 699, 704t, 704, 704-705, 
705, 707-708, 718-719, 735, 739, 994 
depressor angnli oris, 845, 846t, 848, 854 
depressor labii snperioris, 845, 848 
digastrie, 188, 495t, 495, 871, 918, 923t, 925, 
962, 972,1000, 1001, 1002t, 1002-1003, 
1014,1035-1036 
endometrinm, 333, 386, 437 
epieranins, 844 

ereetor spinae, 485, 486t, 491, 492 
extensor earpi radialis brevis, 737, 751t, 751, 
752, 753, 754, 770, 783, 791 
extensor earpi radialis longns, 737, 751t, 751, 
752, 753-754, 770, 783, 791 
extensor earpi nlnaris, 726, 751t, 751, 

753- 754, 756, 783, 791 

extensor digiti minimi, 726, 751t, 751, 753, 

756, 791 

extensor digitornm, 751t, 751, 752, 753-754, 

754- 756, 755, 791 

extensor digitornm brevis 

anatomy of, 590, 592, 593t, 593, 614, 622 
eontnsion of, 624 
innervation of, 726 

extensor digitornm longns, 32, 588, 589, 590, 

592, 593t, 593, 726 

extensor hallneis brevis, 590, 592, 614 
extensor hallneis longns, 32, 588, 589, 591t, 
593t, 593, 622 

extensor indieis, 726, 751t, 754, 757, 791 
extensor pollieis brevis, 726, 752t, 753-754, 

757, 770, 778, 780, 783, 791 
extensor pollieis longns, 726, 752t, 753-754, 

757, 783, 791 

fìbnlaris brevis, 523, 588, 590, 59It, 592, 

593t, 593, 596, 599, 603, 604, 649 
fìbnlaris longns, 32, 533, 590, 591t, 592, 593t, 

593, 595-596, 599, 603, 604, 649 
fìbnlaris tertins, 523, 589, 590, 591t, 592, 

596,622 

fìexorcarpi radialis, 725, 737, 745, 747, 748t, 
748, 749, 758, 762-763, 765, 778, 780, 
791 

fìexor earpi nlnaris, 747, 748t, 749, 762-763, 
765, 770, 783, 791 
fìexor digiti minimi, 523, 612, 613t, 

613, 616 

fìexor digiti minimi brevis, 778, 778 
fìexor digitornm brevis, 523, 593t, 593, 612t, 
612, 616, 777t 

fìexor digitornm longns, 523, 533, 593t, 593, 
597t-598t, 593-599, 601, 612t, 612, 

616, 650 

fìexor digitornm profnndns, 725-726, 749t, 
750, 755, 762, 770, 778, 783, 791 
fìexor digitornm snperfìeialis, 725, 745, 748, 
749-750, 758, 762-763, 770, 778, 783 
fìexor hallneis brevis, 533, 593t, 593, 598t, 
593, 613t, 613, 615-616 
fìexor hallneis longns, 523, 593t, 593, 598t, 
593-599, 601, 650 


fìexor pollieis brevis, 770, 777 
fìexor pollieis longns, 725, 749t, 750, 758, 
762-763, 770, 778, 780, 791 

gastroenemins 

anatomy of, 34, 565, 580, 586, 588, 593t, 593, 
597t, 597, 598,599, 603, 604,635, 633 

fabella in, 606 
strain of, 607 
gemellns 

inferior, 564t, 564, 567, 569, 571 
snperior, 564t, 564, 567, 569, 571 

genioglossns 

anatomy of, 935, 942t, 942-943, 945, 

998,1077 

paralysis of, 949-950 
geniohyoid, 923t, 935, 943, 945, 962, 

997-998, 1002t, 1002,1031,1033,1077 
glntens maximus, 34, 340, 436, 438, 483-484, 
491, 564t, 564, 565-566, 579, 579-580, 
632 

glntens medins, 324, 484, 491, 564t, 564, 579, 
580, 612, 632 

glntens minimns, 579, 612, 632 

graeilis 

anatomy of, 34, 549t, 553, 557, 565, 567, 
571, 586, 599, 638 
transplantation of, 559 
hamstrings 

bieeps femoris, 34, 565, 567, 570t, 570, 572 
deseription of, 571, 581 
injnries to, 581 

semimembranosns, 34, 565, 567, 570t, 570, 
580, 599, 603 

semitendinosns, 34, 565, 567, 570t, 570, 
571-572, 580, 599 

hyoglossns, 942t, 942-943, 945, 998, 1002t, 
1002,1077 

hypothenar, 32, 778, 791 
iliaens, 32, 202, 290, 311, 311-312, 324, 402, 
435, 545, 552, 554 
ilioeoeeygens, 340-341, 343, 405 

ilioeostalis 

anatomy of, 484, 485, 486t, 491 
eervieis, 486 
Inmbornm, 486 
thoraeis, 486 

iliopsoas, 201, 311, 311-312, 545, 546t, 546, 
552, 561, 632 

infrahyoid, 32, 921, 923t, 1001, 1027 
infraspinatns, 34, 704, 705t, 706-707, 
735, 793 

intereostal 

external, 86, 37, 88t, 33, 92, 121, 499, 994 
innermost, 87, 33, 90, 92 
internal, 87, 88t, 33-39 ,121 
movement of, 91 
interossei 

dorsal, 613t, 613, 622, 726, 755, 775, 

777t, 778 

plantar, 613t, 613, 726, 777t, 778 
interspinales, 486, 488, 488, 489t, 871 
intertransversarii, 488, 488, 489t, 871 
intrinsie, of tongne, 942, 943 
isehioeavernosns, 406, 421, 423, 425t, 429 
isehioeoeeygens, 405 

latissimns dorsi, 34, 87, 291, 310, 483, 492, 
699, 700t, 701, 703, 704, 709, 726, 740 

levator angnli oris, 846t 
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Muscle(s) (named) {eontd.) 

levator ani, 339, 339, 341, 341-342, 347, 371, 
376, 402, 405, 421, 435-436, 438 
levator costarum, 86, 88t, 92, 487-488, 489t 
levator labii superioris, 845, 848 
levator labii superioris alaeque nasii, 845, 848 
levator palati, 1037t 

levator palpebrae snperioris, 890, 892, 893, 
898, 900t, 900, 902-903, 958, 962,1064 
levator seapnlae, 11, 483-484, 70It, 703, 
703-704, 722, 724, 726, 993-995,1014 
levator veli palatini, 845, 919, 938t, 938, 969, 

970. 1033 

long flexors, of foot and ankle, 17 

longissimns, 484, 486t, 495t, 495 

longitndinal, of tongne 
inferior, 942, 943t 
snperior, 942, 943t 
longns eapitis, 988,1012t, 1013-1014 
longns eolli, 166, 986, 988, 1012t, 1013-1014 
Inmbrieals, 601, 612t, 612, 615-616, 755, 

777t, 778 

masseter, 845, 918, 922t, 925, 962 
mentalis, 845, 846t, 848 
multifldus, 486-487, 488, 488, 489t, 871 
museulus uvulae, 938t, 938 
mylohyoid, 845, 923t, 935, 982, 998, 1000, 

1005.1031.1033 
myometrium, 333, 385, 387, 437 

nasalis 

alar part of, 845 

proeerns plus transverse part of, 846t, 848 
oblique 

extemal, 32, 87, 91, 103, 186, 188t, 188-189, 
189-190, 204, 210, 291, 310, 483, 

487, 491 

inferior 

of the eyeball, 892, 900t, 900, 902, 958 
of the head, 493t, 493 
intemal, 186, 188t, 189-191, 204, 291, 310, 
312, 483, 491 

snperior 

of the eyeball, 892, 900t, 900, 903, 

958,1064 

of the head, 493t, 493 
obtnrator externus, 435-438, 553, 553, 631 

obturator internus 

anatomy of, 338, 340-342, 371, 402, 407, 
435-436, 438, 564t, 564, 567, 569, 631 
nerve to, 574t, 575 
oeeipitofrontalis, 844, 848 
frontal belly of, 32, 843, 845, 854 
oeeipital belly of, 34, 845, 854 
omohyoid, 923t, 982, 988, 990t, 990, 992, 

993, 997,1000, 1001,1002t, 1002-1003, 

1007,1019,1051,1077 
opponens digiti minimi, 777t, 778 
opponens pollieis, 777, 778 
orbienlaris oeuli, 32, 845, 848, 848-849, 854, 
890, 918, 925 

orbieularis oris, 32, 845, 846t, 848, 915 
palatoglossus, 938t, 938, 942t 
palatopharyngeus, 938t, 938, 940,1034, 

1036,1037t 

palmaris brevis, 745, 773, 778 
palmaris longus, 725, 748t, 748, 749, 758, 

765, 773, 775, 791 


papillary 

anterior, 140, 143, 143, 149 
posterior, 140,143, 143 
septal, 141 
peetinate, 140, 142 

peetinens, 32, 202, 436, 438, 545, 546t, 546, 
548, 552, 631 

peetoralis major, 32, 87, 98, 101, 103, 103, 
192, 682, 689, 691, 697, 698t, 698-699, 
707, 711, 714, 718-719, 993 
peetoralis minor, 87, 98,101, 689, 697, 698t, 
698-699, 711, 714, 719, 793 
perimetrmm, 383, 385 
perineal 

deep transverse, 376, 424t 
in females, 431 
in males, 423, 424t 
snperfleial transverse, 348, 423, 

424t, 429 
pharyngeal, 986 

piriformis, 11, 339, 340-341, 346, 564t, 564, 
575, 581-582 

plantar flexor, 17 

plantaris, 586, 588, 600, 635 
platysma, 845, 846t, 847, 848, 854, 923t, 985, 
987, 987, 991t, 1005 
poplitens, 586, 593t, 593, 600-601, 638 
proeems, 845, 848 

pronator quadratus, 725, 747, 749t, 750, 758, 
762-763, 770 

pronator teres, 674, 747-748, 758, 762-763, 
765 

psoas major 
abseess of, 558 

anatomy of, 32, 245, 311, 311-312, 358, 
483, 491, 499, 545, 546, 552, 631 
psoas minor, 311-312 
pterygoid 

lateral, 919, 922t 
medial, 919, 923t, 998,1035 
pubo-analis, 341 

pubocoecygeus, 340, 341, 341-342, 348, 389 
puboperinalis, 341 
puboprostatieus, 341 
puboreetalis, 340-342, 410 
pubovaginalis, 341, 389, 389 
pnbovesiealis, 389 
pyramidalis, 192 
quadratus femoris 

anatomy of, 358, 436, 438, 564t, 564, 581 
nerve to, 574t, 575 

quadratus lumborum, 290-291, 306, 310, 

311, 312, 312, 487, 491 
quadratus plantae, 523, 601, 612t, 612, 650 

quadriceps femoris 

deseription of, 545-548 
paralysis of, 558 
reetns femoris, 32, 547, 547t 
testing of, 547 

vastns intermedms, 547t, 548, 548, 571 
vastns lateralis, 32, 547t, 548, 548, 565, 
571, 579, 603, 635 

vastns medialis, 32, 547t, 548, 548, 571, 
599, 635 

reetovesiealis, 389 
reetns 

inferior, 890, 900t, 900, 902, 961,1064 
lateral, 892, 900t, 900, 902, 1064 


medial, 895, 900t, 900, 902, 961,1064 
snperior, 895, 900t, 900, 902, 962,1064 
reetns abdominis, 32, 87, 94,186, 188t, 189, 
191-192, 201,210,239,347,435,437,491 

reetns eapitis 

anterior, 1012t, 1014 
lateralis, 1013t, 1014 
posterior major, 493t, 493, 494t 
posterior minor, 493t, 493, 494t, 871 
reetns femoris, 32, 547, 547t, 565, 579 
rhomboid major, 483, 492, 701t, 703, 

703-704, 704, 708-709, 722, 726, 735 
rhomboid minor, 483, 492, 701t, 703, 
703-704, 704, 708-709, 722, 726 
risorms, 845, 846t, 848 

rotator euff 

anatomy of, 798 
injnries to, 712, 813-814 
tendonitis of, 813 
rotatores, 486, 488, 488, 489t, 871 
salpingopharyngens, 1037t 
sartorins, 32, 556, 599, 638 

sealenes 

anterior, 89,164,166, 986, 993-994, 1008, 
I0l2t, 1013,1016,1019 
middle, 89, 724, 986, 993, 995, 1013t, 
1013-1014,1019 
posterior, 89, 993-995, 1013t 
semimembranosns, 34, 565, 567, 570t, 570, 
580, 586, 597t, 597, 599, 603, 617t, 638 
semispinalis eapitis, 484, 488, 493t, 493, 993 
semispinalis eervieis, 488, 488, 489t, 

493t, 493 

semispinalis thoraeis, 488, 488, 489t 
semitendinosns, 34, 565, 567, 571-572, 580, 
586, 599, 617t, 638 

serratns anterior 

anatomy of, 32, 87, 89, 91, 98, 103-104, 
210, 491, 698t, 698, 699, 699, 707, 

714, 733, 994 

paralysis of, 709-710 

serratns posterior 
deseription of, 87 
inferior, 87, 88t, 88, 310, 482 
snperior, 87, 88t, 88, 482 
solens 

aeeessory, 608 

anatomy of, 34, 580, 586, 588, 597t, 597, 
599, 600, 603, 604, 635 
spinalis, 486t 
spinalis eervieis, 486 
spinalis thoraeis, 484, 486 
splenins eapitis, 484, 485, 485t, 993, 1013t 
splenins eervieis, 484, 485, 485t 
stapedins 

anatomy of, 971, 972 
paralysis of, 979 

stemoeleidomastoid, 31, 32, 484, 491, 719, 
845, 918, 925, 982, 986, 989, 990, 
990t-991t, 993-994,1000, 1005, 1008, 

1019.1021.1036.1048.1077 
sternohyoid, 89, 923t, 986, 997, 999-1000, 

1001,1002t, 1002,1019,1021,1026, 

1051.1077 

stemothyroid, 89, 982, 986, 997, 999, 1001, 
1002t, 1002,1019-1021,1026,1051,1077 
styloglossns, 942t, 1034,1077 
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stylohyoid, 845, 923t, 982, 1002t, 1002 
stylopharyngeus, 1027, 1034,1035-1036, 
1036,1037t, 1073 

subclavius, 87, 689, 698t, 698-699, 709 
subcostal, 88t, 90, 96 

subscapularis, 699, 704, 705t, 707, 726, 735 
supiuator, 751t, 751, 756, 758 
suprahyoid, 921, 923t, 1002t, 1002, 1027 

supraspiuatus 

auatomy of, 704, 798 
iujuries to, 712 

suspeusory, of duodeuum, 241 ,242 
tarsal 

mferior, 891 

superior, 890, 891, 898, 908 
temporal, 918, 922t, 925, 962 
temporoparietalis, 844 
teusor faseiae latae, 533, 557, 564t, 564-565, 
566, 569, 579, 612 
teusor tympaui, 969, 971 
teusor veli palatiui, 845, 850, 937, 938t, 
938-939, 970 

teres major, 34, 699, 704, 705t, 706, 706, 

708, 709, 716, 735, 740 
teres miuor, 34, 704, 705t, 707, 735, 798 
theuar, 32, 725, 763, 773-774, 777, 791 
thoraeie, trausverse, 88t, 89-90, 94, 96 
thyroaryteuoid, 1028t, 1029 
thyrohyoid, 923t, 996, 997, 999, 1001, 1002t, 
1002,1021,1077 

tibialis auterior, 32, 523, 588, 589, 590, 591t, 
598t, 604, 612t, 612, 649, 655 
tibialis posterior, 523, 588, 593t, 593, 597t, 599, 
601-602, 612t, 612, 615, 622, 650, 655 

traehealis 

trausverse, of tougue, 942 
trausversospiualis, 485, 486, 491 
trausversus abdommis, 188t 
trapezms 

auatomy of, 32, 483, 492, 493t, 493, 700t, 
700, 701, 701, 708-709, 714, 724, 982, 
990t, 991t, 992, 994-995,1006, 1007 
paralysis of, 1009 

trieeps braehii, 11, 34, 704, 726, 733-734, 
735t, 735, 739, 740 
trieeps surae, 596, 599, 604 
vastus iutermedius, 547t, 548 
vastus lateralis, 32, 547t, 548, 557, 557, 565, 
571, 579-580, 603, 635 
vastus medialis, 32, 547t, 548, 556, 557, 557, 
571, 580, 580, 599, 635 

vertebral 

auterior, 1012 
lateral, 1012 

vertieal, of tougue, 942, 943t 
voealis, 1025, 1028t, 1029 
zygomaticus major, 32, 845, 846t, 848, 854 
zygomaticus miuor, 845, 848 
Muscle(s) (of regious or orgaus) 
of abdomiual wall 

auterolateral, 187-193 
posterior, 311-312, 312 
of arm, 731-736 
of baek 

descriptiou of, 485 
extriusic, 482 
iutriusic 


deep layer of, 487, 488 
descriptiou of, 485 
mtermediate layer of, 484, 485, 486 
superfìcial layer of, 484, 485 
spasm of, 496 
surface auatomy of, 492 
of eervieal regiou 
auterior, 1001 

lateral, 992, 993 
of eheeks, 844-847 
of esophagus, 230 
of eyebrows, 844, 848 
of faee 

auatomy of, 844-849 
paralysis of, 861 


of foot, 610-614, 612, 612t-661t, 615-616 
of forearm, 747 
of forehead, 844, 848 
of laryux, 1027,1029 
of leg 

auterior compartmeut, 588, 592 
lateral compartmeut, 595-596 
posterior compartmeut, 596-602, 
597t-598t, 600-602 
of lips, 844-847 
of masticatiou, 921, 922t-923t 
of mouth, 844-847 
of ueck, 492-493, 493t, 493 
of orbit, 890 
of pelvie fìoor, 341 
of pelvie walls, 341 
of sealp, 844, 848 
of thigh 

auterior, 545-548 
medial, 548-551 
posterior, 569-572 
of thoraeie wall, 86-91, 97 
of tougue, 942, 943t 
Muscle soreuess, 35 
Muscle testiug, 36 
Muscle toue 
abseuce of, 35 
defìuitiou of, 33 
Muscular system 

compoueuts of, 29-37 
defìuitiou of, 3 
Myeliu, 46, 49 

Myofaseial paiu syudromes, 86 
Myofìbrils, 36 
Myogeuic couductiou, 158 
Myology, 3 

Myotome, 51, 51, 480, 538, 539, 693 


N 

Nasal boue, 823-824 
Nasiou, 823-824, 825, 828t 
Nasopharyux, 957,1031, 1032, 1032-1033, 1034 
Navicular, 513, 524, 524, 609 

Neek (iu geueral) 
of femur 

auatomy of, 512, 516, 517, 627 
blood supply to, 632 
fraetnres, 659-660 
of fìbula, 522, 604 
of gallbladder, 265, 278 
of humems, 674, 676 
of maudible, 837, 838, 919 


of paucreas, 266 
of radins, 678 

of ribs, 75, 75, 487 
of scapula, 675, 676 

of talus 

auatomy of, 523 
fractures of, 529, 530 
of uriuary bladder, 366 
of uterus, 383 

Neek (regiou) 

boues of, 982-984 
deep structures of, 1012-1017 
descriptiou of, 982 
faseia of, 985-988 
hyperexteusiou iujury of, 478, 478 
iufectious iu, 988-989 

laryux (see Laryux) 

lymphatie system of, 1039, 1051-1052 
muscles of, 492-493, 99It 
uerve poiut of, 996 
radieal dissectiou of, 1052 
root of 

arteries of, 1014, 1014-1015 
descriptiou of, 1012-1017 
uerves iu, 1016, 1016-1017 
veius of, 1015, 1016 
skiu of, 1005 

superfìcial structures of, 989-1007 
surface auatomy of, 1005-1007 
trauma to, 1049 
veius of, 995 
viseera of 

alimeutary layer, 1032-1038 
eudocriue layer, 1018-1021,1039-1040 
respiratory layer, 1021-1032,1039-1040 
whiplash iujury of, 459, 478, 478 
Neerosis 
avascular 

descriptiou of, 25 
of femoral head, 660 
of luuate, 817 
eardiae, 155 
myoeardial, 37 
Nephroptosis, 298 
Nephroseope, 300 
Nerve(s) (iu geueral) 
autouomic, 358-360 
eervieal, 49 
crauial 

auatomy of, 49, 50, 56 
descriptiou of, 1054 
fìbers of, 1054 
iujuries to, 1054,1078 
uuclei, 1054, 1061 
lumbar, 49, 54 
motor, 35 
peripheral 

auatomy of, 49, 50-51, 51 
degeueratiou of, 54 
isehemia of, 54 
Nerve(s) (uamed) 
abduceut 

auatomy of, 870, 873, 883, 902-903, 
1056-1057 

descriptiou of, 1055, 1058t 
divisious of, 1064 
fuuctious of, 1068 
iujury to, 1081 
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Nerve(s) (named) (eontd.) 
lesions of, 1079t 
nnelei of, 1061, 1068 
aeeessoiy {see Nerve[s] (named), spinal 
aeeessory) 
alveolar 

anterior snperior, 931,1066 
inferior, 850, 921, 931, 962,1069 
middle snperior, 931, 963 ,1066 
posterior snperior, 931, 963 ,1066 
anal, inferior, 414, 421-422, 432t 
anoeoeeygeal, 358 
artienlar, 28 
anrienlar 

great, 851t-852t, 853-854, 915, 916, 966, 
968, 993, 996, 997 
posterior, 853, 854 

anrienlotemporal, 851t-852t, 915, 921, 925, 
931, 966, 966, 972,1066,1073 

axillary 

anatomy of, 54-55, 721, 723t 
injnry to, 710-711, 815 

bneeal 

anatomy of, 850, 851t-852t, 925, 931, 1066 

bloek of, 862 

ealeaneal, 538t 
eardiae, 150,1076 

earotid sinns, 1000 
eavemons, 422 

eervieal, transverse, 53-54, 993, 997, 1005 
ehorda tympani, 921, 941, 971 

eiliary 

long, 905 
short, 905 

elnnial 

inferior, 432t, 538t, 573t, 574 
medial, 538t, 573t, 574 
snperior, 538t, 573t, 574 
eoeeygeal, 49, 54, 358 
eoehlear, 966, 976 
eollateral, 90 
entaneons, 17 
of arm, 693 
dorsal 

intermediate, 617 
medial, 617 
of faee, 849 

femoral, posterior, 359t 
of forearm, 693 
lateral (of arm) 

anterior branehes, 91 
inferior, 53, 695t, 695 
posterior, 91, 695t 
snperior, 53, 695t, 695 
lateral (of baek), 483 

lateral (of forearm), 53, 695, 737, 738, 741, 
763t, 764 

lateral (of thigh), 53-54, 313, 537, 552, 554 
of mandibnlar nerve, 852t 
of maxillary nerve, 851t-852t 
medial 

of arm, 53, 93, 695, 723t 
of forearm, 53, 723t, 741, 763t, 764 
perforating, 359t 

posterior 

of arm, 695 

of forearm, 53, 695, 762t, 762, 764 


of thigh, 53-54, 421, 432t, 538t, 567, 
573, 575 

snral 

lateral, 587, 593t, 593 
medial, 587, 593t, 593 
of npper limb, 693 
dorsal 

of elitoris, 411, 429 

of penis, 405, 408, 411, 411, 420, 422, 422 
seapnlar, 55, 710, 722t 

ethmoidal 

anterior, 850, 873, 905, 959 

anterior meningeal branehes of, 872, 873 

posterior, 873, 905, 959 

faeial 

anatomy of, 853, 854, 884, 931, 971,1036, 
1056-1057 

branehes of, 853-855, 854, 863 
bneeal braneh of, 863 
eervieal braneh of, 855, 993 
deseription of, 1055, 1058t 
distribntion of, 1069 
fnnetions of, 1068 
genienlnm of, 1068 

injnries to, 863, 1081 
intermediate nerve, 1055, 1068 
lesions of, 1079t, 1081 
marginal mandibnlar braneh of, 855, 863, 
915, 998 

motor root of, 853, 1068 
nnelei of, 1061, 1068 
palsy of, 863 

parasympathetie innervation of, 1070 
primary root of, 1055 
temporal braneh of, 853 
terminal branehes of, 843 
zygomatie braneh of, 853, 855, 863 
femoral, 53-54, 190, 201-202, 290, 313, 435, 
552, 552-553 

femoral entaneons 
lateral, 290 
posterior, 207, 209 

fìbnlar 

eommon 

anatomy of, 54, 575, 580-581, 587, 593t, 
593, 604, 644 
injnry to, 605-606 

deep, 53, 538t, 589, 590, 593t, 593, 617, 
618t, 618, 622, 644 

snperfìeial 

anatomy of, 538t, 593t, 593, 617, 618t, 
618, 644 
bloek of, 625 
entrapment of, 606 

frontal, 849, 850, 852, 902-903, 1066 
gastrie, 1076 

genitofemoral, 54, 290, 313, 370, 422, 537t, 
554 

genital braneh of, 207, 209, 419, 432t 

glossopharyngeal 

anatomy of, 884, 916, 941, 945, 972, 1005, 
1005,1034-1035,1056-1057 
deseription of, 1055, 1059t 
distribntion of, 1073 
fnnetions of, 1072 
lesions of, 1079t, 1082 
motor fìbers of, 1073 


nenralgia, 1082 

nnelei, 1061, 1072 
parasympathetie fìbers of, 1072 
parasympathetie innervation, 1075 


glnteal 

inferior, 54, 357-358, 358, 359t, 573t, 573 
snperior, 54, 357, 358, 359t, 567, 573, 574 
great anrienlar, 53-54 
hypogastrie 


left, 252, 305, 360, 422 
right, 252, 305, 360, 367 

hypoglossal 

anatomy of, 884, 941, 997-998, 999,1005, 


1005,1035-1036,1056-1057 
branehes of, 1077, 1078 
deseription of, 1055, 1059t 
distribntion of, 1077 
fnnetions of, 1075 
injnry to, 950,1082 
lesions of, 1079t 
nnelei of, i 061 

iliohypogastrie, 54,191-192, 194, 194t, 194, 


199, 290, 313, 537t 


ilioingninal 

anatomy of, 54,190-192, 194,194t, 194, 
204, 207, 290, 312, 313, 423, 537t 
bloek of, 433 

infra-orbital 

anatomy of, 850, 851t, 853, 892, 952, 953, 962 

bloek of, 862 

infratroehlear, 849, 851t, 852 
intereostal, 54, 92, 93, 99, 119,121, 172t, 

307, 499 
Ist, 89, 93 
2nd, 89, 93 
3rd, 89 
4th, 99 
5th, 99 
6th, 99 
7th, 93 
8th, 93 
9th, 93 
lOth, 93 
llth, 93 


atypieal, 93 
anterior ramns of, 90 
bloek of, 97, 97 
branehes of, 93 
typieal, 92-93 

intereostobraehial, 91, 93, 711, 714 
interosseons 

anterior, 761, 762t, 762 
posterior, 726, 746, 753, 763t, 764 

labial 

anterior, 431, 432t 
posterior, 431, 432t 

laerimal, 849, 850, 85It, 852, 902-903, 953 

laryngeal 

bloek of, 1046 

external, 1022, 1030, 1076 

inferior, 1029, 1030 

injnry to, 1045-1046 

internal, 941, 1022, 1030, 1076 

reenrrent 

anatomy of, 114, 164, 172t, 982,1013, 
1016,1019,1022, 1027,1038 


injnry to, 175,1043 
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left, 111,119,150,162,164, 165, 1014, 
1029,1035-1036 
right, 150, 163, 164,1014,1016, 
1035-1036,1076 

superior, 1021, 1027, 1029, 1035,1076 
lingual, 850, 921, 925, 931, 998,1066,1069, 1072 
long thoraeie, 55 

mandibnlar 

anatomy of, 849, 852, 853, 873, 921, 1057, 
1066,1073 

anterior meningeal branehes of, 872, 873 

branehes of, 1067t 

deseription of, 1058t, 1065,1067t 

maxillary 

anatomy of, 849, 852, 870, 873, 925, 930, 
951-952, 953,1057,1066 
anterior meningeal branehes of, 872, 873 
branehes of, 1067t 
deseription of, 1058t, 1065, 1067t 

median 

anatomy of, 53-54, 699, 715, 721, 723t, 

761, 762t, 762 
in arm, 738-739 
branehes of, 761, 783, 784t, 784 
in hand, 784t, 784, 786 
injnry to, 768 

lateral braneh of, 784t, 784 
lesions of, 790-792 
medial braneh of, 784t, 784 
palmar eutaneous braneh of, 762t, 762, 

784, 786 

reenrrent braneh of, 784t, 784 
snrfaee anatomy of, 765 
tranma to, 790-792 
meningeal, 473, 500 

mental 

anatomy of, 850, 851t-852t, 921, 931 

bloek of, 862 
musculocutaneous 

anatomy of, 54-55, 711, 715, 721, 723t, 

733, 737, 737-738, 763 
injnry to, 743 
mylohyoid, 925, 931, 945 
nasal, external, 849, 850, 851t 
nasoeiliary, 849, 850, 852, 902-903, 960, 

1066 

eommnnieating braneh of, 904 
nasopalatine 

anatomy of, 937, 939, 960,1066 
bloek of, 949 

obtnrator, 53-54, 313, 340, 357, 358, 

548, 631 

aeeessory, 313 
injnry to, 361 
oeeipital 

greater, 483, 493t, 493, 495t, 495, 
851t-852t, 853 
least, 495t, 495 

lesser, 54, 483, 495t, 495, 851t-852t, 853, 
993, 996 

third, 483, 851t, 853, 852t 

oenlomotor 

anatomy of, 873, 883-884, 902-903, 
1056-1057, 1062,1064 

eompression of, 1080 

deseription of, 1055, 1058t 


divisions of, 1064 
fnnetions of, 1062 
injnry to, 1080 

lesions of, 1079t 
nnelei of, 1061, 1062 
palsy of, 913 

olfaetory 

anatomy of, 850, 960, 1054,1056, 
1056-1057 


deseription of, 1055, 1058t 
hmetion of, 1054, 1056 
lesions of, 1079t 
nnelei of, 1061 
ophthalmie 

anatomy of, 849, 850,1057, 1058t, 1066 
branehes of, 1067t 
deseription of, 1065,1067t 

herpes zoster infeetion of, 862 
optie 

anatomy of, 884, 895, 902-903,1056-1057, 
1061 


demyelinating diseases and, 1079 
deseription of, 1055, 1058t 

fnnetions of, 1061 
lesions of, 1079t 
nnelei of, 1061 
palatine 

greater, 850, 934, 937, 937, 939, 960,1066 
lesser, 850, 935, 937, 937, 939, 960,1066 

palpebral, inferior, 852 
peetoral 

lateral, 55, 699, 715, 718, 722 
medial, 699, 715, 718, 723t 
perineal, 432t 
deep, 389, 411 
snperfìeial, 411 
periosteal, 23, 23 
petrosal 

deep, 952, 953,1069 
greater, 953,1069 
lesser, 971,1073 
pharyngeal, 960,1066 
phrenie 

aeeessory, 996 

anatomy of, 54,111, 119, 129,131, 131, 


137,162, 172t, 724, 993, 996, 997, 
1013-1014,1019,1051 
bloek of, 1009 
crush injury of, 1009 
inferior root of, 55 


injnry to, 85, 1009 
left, 164, 165, 167, 307 
right, 162, 165, 278, 307 
seetion of, 317 
severanee of, 1009 



lateral, 538t, 615, 617, 618t, 618 


medial 

anatomy of, 538t, 599, 615, 617, 618t, 618 
entrapment of, 625 
refìex testing, 625 
pterygopalatine, 850, 952 
pndendal 

anatomy of, 54, 209, 303t, 357, 358, 359t, 


367, 389, 390, 411, 422, 432t, 567, 
574t, 575 

bloek of, 398, 433, 433 


pnlmonary, left, 162 
quadratus femoris, 359t 
radial 

anatomy of, 53-55, 721, 723t, 737, 756, 
762t, 762 
in arm, 738 

deep braneh of, 763t, 764 
in forearm, 764 
in hand, 786 
injnry to, 743, 770, 792 
snperfìeial braneh of, 762t, 762, 764 
rami eommnnieantes, 90, 92-93, 166-167, 
247, 358, 367, 473 

reetal, inferior, 411 

saphenons, 53, 538t, 552, 553, 593t, 593, 617, 

618t, 618 

seapnlar, dorsal, 55, 710, 722t 

seiatie 

anatomy of, 54, 303t, 357, 358, 359t, 376, 
565, 567, 573, 580-581, 587, 602 
bloek of, 582 
injnry to, 582 
serotal 

anterior, 207, 209, 419, 432t 
posterior, 207, 209, 411, 419, 421, 432t 
sinus, 1076 

spinal 

anterior rami of, 51, 51, 90 

anterior root of, 1026 

bloek of, 398, 461, 527 
eervieal, 497 
eoeeygeal, 357 
Inmbar, 312-313, 475, 497 
meningeal branehes of, 473 
mixed, 473 

posterior rami of, 51, 51, 90 
saeral, 357, 461 
thoraeie, 497 

spinal aeeessory 

anatomy of, 499, 884, 972, 993, 994, 995, 
997-998, 1005,1036,1056-1057 
deseription of, 1055, 1059t 
distribntion of, 1078 
hmetions of, 1075 
injnry to, 710, 1082 
lesions of, 1009, 1079t 
nuclei of, 1061, 1075 
splanehnie, 1 72 

abdominopelvie, 62, 171, 243, 267, 297, 
300-301, 303t 
eardiopnlmonary, 62, 303t 
greater, 61, 119,167, 230,231, 234,278 
least, 119, 302, 303t 
lesser, 61,119, 231, 302, 303t 
Inmbar, 238, 252, 301, 303t, 372, 389 
pelvie, 253,303t, 304, 358, 359t, 360, 

372, 390 
saeral, 358 

thoraeie, 171, 231, 301, 303t 
snbelavian, 722t 

snbeostal, 92, 172t, 194, 194t, 291, 312, 537t 
submandibular, 850 
suboccipital, 492, 493t, 493, 495t, 495 
subscapular, 55, 723t, 733 

supraclavicular 

anatomy of, 53-54, 94, 695t, 695, 714, 996 
intermediate, 993 
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Nerve(s) (named) (eontd.) 
lateral, 993 
medial, 993 

snpra-orbital, 849, 850, 851t, 852, 892, 958 

snpraseapnlar 

anatomy of, 55, 722t, 733, 994, 996 
injnry to, 1009 

snpratroehlear, 849, 850, 851t, 852-853, 

892 

snral 

anatomy of, 534, 538t, 593t, 593, 602, 618t, 
618, 619 

ealeaneal branehes of, 53 
grafts, 624 
lateral, 53, 593t, 593 
medial, 53, 587, 593t, 593 
tentorial, 872, 373 
thoraeie, 49 
long, 699, 711, 722t 

posterior ramns of, 92 
thoraeo-abdominal 

anatomy of, 93, 193-195, 194t 

anterior entaneons branehes of, 194 
lateral entaneons branehes of, 194 
thoraeodorsal, 699, 710, 722t 
tibial, 54, 584, 593t, 593, 602 
ealeaneal branehes of, 53 
entrapment of, 666-667 
injnry to, 605 

posterior, 617 
tonsillar, 1072 
trigeminal 

anatomy of, 53, 849, 85It, 873, 884, 931, 
1057 

bloek of, 1081 

deseription of, 1055, 1058t 
distribntion of, 850 
divisions of, 849, 850, 1066 
fnnetions of, 1065 

injnry to, 1081 
lesions of, 862, 1079t 
mandibnlar braneh of {see Nerve[s] 
(named), mandibnlar) 
maxillary braneh of (see Nerve[s] (named), 
maxillary) 

motor root of, 853, 1055-1056, 1065 
nnelei of, 1061, 1065 

ophthalmie braneh of {see Nerve[s] 
(named), ophthalmie) 

sensory root of, 1055-1056, 1065 
testing of, 863 
troehlear 

anatomy of, 870, 873, 883, 

902-903,1056 
deseription of, 1058t 
divisions of, 1064 
fnnetions of, 1064 
injnry to, 1080-1081 

nnelens of, 1061, 1064 
tympanie, 1073 

nlnar 

anatomy of, 53-54, 682, 699, 711, 715, 721, 
737, 746, 758, 785t 
in arm, 739 
branehes of, 775, 785t 
eompression of, 769, 792 
deep braneh of, 785t 


dorsal entaneons braneh of, 758, 762t, 762, 
785t 

in forearm, 761, 762t, 762 
in hand, 786 
injnry to, 769-770 

palmar entaneons braneh of, 762t, 762, 

785t 

snperfìeial braneh of, 785t 
vagns 

anatomy of, 119, 131, 131,137, 

150,162, 172t, 267, 278, 302, 

884, 972, 1005,1016-1017, 1021, 
1029,1035-1036,1056-1057, 
1073-1074 

branehes of, 1017, 1076 
deseription of, 1055, 1059t 
distribntion oí, 1076 
fnnetions of, 1073 
hepatie braneh of, 231,1076 
left, 111,119,150, 163, 164, 165, 231, 
1013, 1016,1076 
lesions of, 1079t, 1082 
nnelei of, 1061, 1073 
right, 111,119,150, 163, 164, 231, 247, 
1013, 1016,1030,1076 

snmmary of, 1076t 
vasomotor, 23 
vestibnlar, 966 
vestibnloeoehlear 

anatomy of, 884, 966, 975, 1056-1057 

deseription of, 1055, 1059t, 1071 

fnnetions of, 1071 

injnries to, 1082 

lesions of, 1079t 

nnelei of, 1061 

zygomatie, 850, 852t, 852, 951, 953, 

1066,1069 

zygomatieofaeial, 851t, 852, 953 
zygomatieotemporal, 851t-852t, 852, 
951-952, 953 

Nerve(s) (of regions or organs) 
of abdominal wall 

anterolateral, 193-195,194t 
injnry to, 198 
posterior, 312, 312-313 
of anal eanal, 414 
of appendix, 249, 252 
of arm, 693 
of breast, 99 
of eeenm, 249, 252 
of eervieal region 
anterior, 1005 
lateral, 995-996 
to eoeeygens, 359t 
to eoraeobraehialis, 715 
eranial 

anatomy of, 49, 50, 56 
deseription of, 1054 
fìbers of, 1054 
injnries to, 1054, 1078 
nnelei, 1054, 1061 
of diaphragm, 308 
of dnra mater, 500, 872, 873 
of esophagns, 231 
of foot, 614, 617-619, 618t, 618 
of forearm, 693, 761-764 

of gallbladder, 280 


of gingiva, 931 
of glenohnmeral joint, 800 

of hand, 782, 784t-785t, 786 
ofhip joint, 632, 634 
of kidneys, 297, 297 
of knee joint, 643 
of laerimal gland, 893 
of larynx, 1030 
of leg 

anterior eompartment, 589, 593t, 593 
posterior eompartment, 602 
to levator ani, 359t 
of limb 

lower, 537t-538t, 538 
npper, 693 
of liver, 276, 277, 278 
of Inngs, 118-119, 119 

of mediastinnm 

posterior, 170-171 
snperior, 163-165 
to mnseles, 34-35 
to obtnrator intemns, 574t, 575 
of orbit, 903-905 
of panereas, 267-268 
of parotid gland, 915 
of penis, 422-423 
of perieardinm, 129,131-132 
of perinenm, 422, 431 
to piriformis, 359t 
of plenra, 118-119, 119 
of popliteal fossa, 585, 586-587 
ofposterior mediastinnm, 170-171 
of pterygoid eanal, 893 
to quadratus femoris, 573t, 573, 575 
of reetnm, 371, 372 
of root of neek, 1016, 1016-1017 
saeral, 49, 54, 435 
of sealp, 853 

of small intestine, 238, 247 
spinal, 49, 50-51, 497 
of sternoelavienlar joint, 796 
of stomaeh, 231 

of snperior mediastinnm, 163-165 
of snprarenal glands, 297, 297 
of teeth, 931 

of thoraeie wall, 92-93, 172t 
of tibiofìbnlar joint, 647 
of npper limb, 693 
of nreters, 297, 297 
of nrethra, 399, 418 
of nrinary bladder, 367, 367-368 
of nterns, 389 
of vagina, 389 

of vertebral eolnmn, 473-474 
ofvnlva, 431 

Nervons system 
anatomy of, 3 
antonomie 

deseription of, 57-58 
fnnetions of, 64, 65t 
ganglia of, 57 

parasympathetie division of, 62, 63, 64 
snmmary of, 64 

sympathetie division of, 58-62, 61, 64 
viseeral sensation, 64 

eells of, 46, 47 
eentral, 3, 46-47 
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divisions of, 3, 46 
fnnetion of, 46 
p arasymp athetie 

of abdominal viseera, 304-305 
deseription of, 62, 63, 64 
of digestive traet, 65t 
of heart, 65t 
of liver, 65t 
of Inngs, 65t 
of skin, 65t 
of stomaeh, 234 
of snprarenal mednlla, 65t 
of nrinary traet, 65t 
peripheral {see Peripheral nervons 
system) 

somatie, 57 
sympathetie 

of abdominal viseera, 300-301, 304 
deseription of, 58-62, 61, 64 
Nervns spinosns, 873 
Nenral tnbe defeets, 463 
N enralgia 

deseription of, 837 
glossopharyngeal, 1082 
trigeminal, 862,1081 
N enritis 

braehial, 730 
optie, 964, 1079 
Nenroeraninm, 47, 822, 823 
Nenroglia, 46 
Nenrolemma, 47, 49 
Nenroma, aeonstie, 1082 
Nenrons 

anatomy of, 46, 47, 57 
mnltipolar motor, 46 
olfaetory reeeptor, 1054 
postsynaptie, 57 
presynaptie, 57 
psendonnipolar sensory, 46 
sensory, 46 
Nenrotransmitters, 46 
N enrovasenlatnre, 
of thoraeie wall, 97 
Newborn, eraninm of, 28 
Nipple, 98, 99 , 103 
Noetnria, 381 

Node 

atrioventrienlar, 149, 149 
lymph {see Lymph nodes) 
sinn-atrial, 149 

Noradrenaline, {see Norepinephrine) 

Norepinephrine, 58, 294 

Nose 

apex of, 859 

arteries of, 959, 959-960 

dorsnm of, 859 

external, 955-956 

fraetnres of, 963 

root of, 859 

skeleton of, 955 

vasenlatnre of, 959, 959-960 

Nostril flaring, 861 
Noteh 

aeetabnlar, 515, 516, 629 
angnlar, 233 

anterior emeiate ligament, 639 
eardiae, 107,109, 110, 112,183 


eardial, 228, 249 
elavienlar, 78, 78, 80 
eostal, 78, 78 

deflnition of, 21 

flbnlar, 521 

interarytenoid, 1032, 1044 
intereondylar, 641 
intertragie, 967 

jngnlar, 78, 78, 80, 99, 102-103, 707,1006, 
1007 ,1008 
mandibnlar, 917, 948 
pterygoid, 832 
radial, 678 
saeral, snperior, 452 
saeroeoeeygeal, 452 
seapnlar, 722t 
seiatie 

greater, 21, 328, 329, 331t, 514, 516 
lesser, 328, 329, 515, 516 
snpra-orbital, 825, 889 
snpraseapnlar, 675, 676 
snprastemal, 78, 73 
tentorial, 870 
thyroid 

inferior, 1023 
snperior, 1023 
troehlear, 678, 802, 805 
nlnar, 678 
vertebral 

inferior, 442, 442 
snperior, 442, 442, 464 
Nnelear medieine imaging, 70, 70 
Nnelens, 49 

ambignns, 1061 
eoehlear 

anterior, 1061 
posterior, 1061 

deflnition of, 47 
Edinger-Westphal, 1061 
of hypoglossal nerve, 1061 
meseneephalie, 1061 
motor 

of faeial nerve, 1061 
of trigeminal nerve, 1061 
of oenlomotor nerve, 1061 
posterior, of vagns nerve, 1061 
prineipal sensory, 1061 
salivatory, 1061 

of solitary traet, 1061,1069 
spinal, 1061 

of spinal aeeessory nerve, 1061 
of troehlear nerve, 1061 
vestibnlar, 1061 
Nnelens pnlposns 
anatomy of, 443, 465 
herniation of, 474-476, 475 


o 

Oblique seetions, 6-7 

Oeeipital bone, 493t, 493, 495, 823, 829, 831, 

869, 986,1032 
Oeeipnt, 828, 829 

Oeelnsion 
earotid, 1010 
eoronary, 157-158 
Oleeranon 

anatomy of, 739 


fraetnre of, 766, 766 
of nlna, 674, 678, 682 
Olfaetory hallneinations, 1079 
Olfaetory system, 1062 
Omentnm 

deflnition of, 219 

greater, 186, 219, 220, 221, 226-227, 233, 
239, 242, 259 

lesser, 219, 220, 259, 269, 271 
protmsion of, 199 
Opening 

external aeonstie, 828 
saphenons, 552 
Ophthalmoseope, 2, 911 
Ophthalmoseopy, 910, 911 
Opposition, 9, 11 
Ora serrata, 895, 897 
Orbit, 952 

arteries of, 905-907, 906t, 906 
deflnition of, 889 
extra-oeular mnseles of, 898-903 
eyeball 

anatomy of, 892, 894-895 

anterior ehamber of, 912 
aqueous hnmor of, 895 
artifleial, 912 
eornea, 894, 895, 897 
flbrons layer of, 894 
inner layer of, 896-897 
pnpil, 895, 896 
refraetive media of, 897-898 
retina of, 895, 896-897 
selera of, 895 

snrfaee anatomy of, 907-909 
vasenlar layer of, 894, 896 
eyelids 

anatomy of, 859-860, 891, 892, 908 
infeetions of, 910 
injnry to, 910 
fraetnres of, 909 
mnseles of, 890 
nerves of, 903-905 
pyramidal, 891 
tnmors of, 909 
vasenlatnre of, 905-907 
veins of, 905, 907 
walls of, 891 
Orehitis, 426 
Organomegaly, 197 
Organs 

of Gorti, 976 
extraperitoneal, 217 
genital 

female, 382-399, 383 
male, 376-381 
intraperitoneal, 217 
olfaetory, 1054 
retroperitoneal, 217 
snbperitoneal, 217 
vestibnloeoehlear, 975 
Oriflee 

aortie valve, 143 
atrioventrienlar 


left, 139 ,143 
right, 139 ,143 

eardial, of the stomaeh, 229, 230, 232-233, 324 
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Orifìee {eontd.) 
ileal, 249 

myopeetineal, 201, 203 
of pharyngotympanie tnbe, 1033 
pnlmonary valve, 143 
pylorie, 231, 233 
trienspid valve, 139 
nreterie, 365, 366 

nrethral 

external, 367, 368, 369, 376, 383, 386, 406, 
418, 420, 422, 428 
intemal, 365, 366, 368, 376 
vaginal, 368, 406, 428, 430 

Oropharynx 

anatomy of, 1022,1031-1033 
fnnetions of, 1034 
Orthopedies, 4 
Os 

external, 333, 385, 386 
internal, 333, 385, 336 
Os trigonnm, 530-531, 531 
Osgood-Sehlatter disease, 528 
Ossifìeation 
of elaviele, 684 
of eraninm, 839 
endoehondral, 22, 684, 839 
intramembranons, 22, 684, 839 
of patella, 559 
primary, 22, 453-455 
seeondary, 22, 455 
of vertebrae, 453-455 
Osteoarthritis 
deseription of, 29 
of zygapophysial joints, 506 
Osteoarthrosis, 463 
Osteoehondroses, 25 
Osteoeytes, 22 
Osteology, 3 
Osteons, 22 
Osteopenia, 460 
Osteoporosis 

deseription of, 24, 24, 480 

femoral neek fraetnres seeondary 

to, 659 


Ostinm 

abdominal, 382 

of maxillary sinns, 841, 958, 961, 963 
nterine, 382 
Otalgia, 1046 
Otie barotranma, 980 
Otitis media, 979, 1048 
Otorrhea, 887 

Otoseopie examination, 977-978, 978 
Outfìow 

eranial parasympathetie, 62 
saeral parasympathetie, 62 
Outlet 

pelvie, 328, 330, 33It, 339, 403 
thoraeie, 79 
Ovaries 

anatomy of, 205, 206, 382, 437 
arteries of, 384 
innervation of, 385 
pnbertal ehanges in, 382 
veins of, 384 
Oxyeephaly, 842 


P 

Paeemaker, eardiae, 158-159 

Paehymeninx, 865 

Pain 

abdominal, 318 
anginal, 156,159 

baek 

deseription of, 480 
loealized, 480 
low, 480 
eervieal, 985 
ehest, 83 
faeial, 837 
museular, 480 
myoeardial infaretion, 156 
pararenal, 298 
peritoneal, 217 
plenral, 125 

posterior abdominal, 318 
referred 
eardiae, 159 
diaphragm, 317 
viseeral, 159 
seiatiea, 475 
nreterie, 373 
viseeral referred, 257 
zygapophysial joint, 480 
Painfnl are syndrome, 813 
Palate 
eleft, 949 

deseription of, 934 
featnres of, 935, 937 
hard, 831, 934-935, 936, 939, 952,1022 
soft, 935, 936, 936-937, 938t, 938-939,1022, 
1032-1034 

Palatine bone, 823, 831, 936, 951 ,1033 

Palm of hand 

eompartments of, 773, 774 
deseription of, 7, 8 
disseetion of, 775 
faseia of, 771-772 

Palpation 

of abdominal wall, anterolateral, 197-198 
defìnition of, 2 
of femoral artery, 560 
of radial artery, 770 
of spleen, 281 

of testes, 426 
of uterus, 393 
Palsy 

Bell, 1081 

Erb-Duehenne, 730 
faeial nerve, 863 
oenlomotor, 1080 
Panereas 

aeeessory tissue of, 282 
anatomy of, 265 
arteries of, 266 

body of, 266-267 
eaneer of, 283, 318 
eompnted tomography of, 323 
defìnition of, 265 
head of, 242, 266 
lymphatie system of, 267 
neek of, 266 

nerves of, 267-268 


pseudo-eyst of, 225 
rupture of, 282-283 
seeretions prodneed by, 265 
tail of, 267 

veins of, 266 
Panereateetomy, 282 
Panereatitis, 234, 282 
Pap smear, 395, 395 
Papilla 
dnodenal 

major, 241, 242, 265, 267, 275, 277 
minor, 242, 265, 267 
fìliform, 940, 940 
foliate, 940, 940 
fnngiform, 940, 940 
ileal, 249, 249 
ineisive, 936, 937 
laerimal, 892, 893, 909 
lingnal, 940, 940 
renal, 293 

vallate, 940, 940,1033 
Papilledema, 911 
Paraeentesis, abdominal, 224 
Paradoxieal abdominothoraeie rhythm, 224 
Paralysis 

deseription of, 35 
of diaphragm, 85 
of extra-oeular museles, 913 
of genioglossus, 949-950 
of hemidiaphragm, 317 
Klumpke, 730 
of quadrieeps, 558 
of serratus anterior, 709-710 
of stapedins, 979 
of trapezins, 1009 
Paraphimosis, 426 
Paraplegia, 506 
Parasagittal, 5 

Parasympathetie nervons system 
of abdominal viseera, 304-305 
deseription of, 62, 63, 64 
of digestive traet, 65t 
of heart, 65t 
of liver, 65t 
of lungs, 65t 
of skin, 65t 
of stomaeh, 234 
of snprarenal mednlla, 65t 
of nrinary traet, 65t 
Paresthesia, 54, 541 
Parietal bone, 823, 829, 869 
Parotideetomy, 863, 926 
Parotiditis, 926 
Part 

eervieal, 108 
eostal, 108 
diaphragmatie, 108 
mediastinal, 108 
of parietal plenra, 108 
Partial Inmbar sympatheetomy, 319 
Patella 

abnormal ossifìeation of, 559 
anatomy of, 20, 510, 513, 520, 557 
bipartite, 559 

ehondromalaeia patellae, 558-559 

disloeation of, 661-662 
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fractures of, 559 
functions of, 547 
tripartite, 559 
Peau d’orange sign, 104 
Peeten pnbis, 203, 329, 516 
Peetoral girdle, anatomy of, 20, 73, 672 , 793 
Pednnele, eerebellar, 1056 
Pelvie girdle 

anatomy of, 20, 512, 672 
bones of, 328-330 
defìnition of, 327, 510 
deseription of, 510 
featnres of, 328-330 
fnnetions of, 327 
joints of, 330-332 
ligaments of, 330-332, 563 
orientation of, 330 
seeondary fnnetions of, 327 
snrfaee anatomy of, 520 
weight transfer, 512 
Pelvie viseera 
defìnition of, 362 
nrinary organs, 362-368 
Pelvis (named) 
android, 334 , 334 
anthropoid, 334, 334 
arteries of, 350-355 
axis of, 328, 338, 339 
defìnition of, 327 
diagonal eonjngate of, 335 
diameter of, 334-335 
female, 330, 331, 365 
fraetnres of, 335, 336 
greater, 327-328, 323, 330, 331t, 339, 370 
gyneeoid, 334 , 334 
interspinons distanee of, 335 , 335 
joints of, 332 

lesser, 328, 328, 330, 331t, 339, 370 

ligaments of 

anatomy of, 332, 631 
dnring pregnaney, 336 
relaxation of, 336 

lymphatie system of, 355, 357, 357 
magnetie resonanee imaging of, 434-438 
male, 330, 331, 365 
medieal imaging of, 434-438 
nenrovasenlar stmetnres of, 349-361 
peritoneal refìeetions in, 344t, 345 
veins of, 355, 356 

viseeral afferent innervation in, 361 

walls of, 338-339, 340 
Pelvis (renal) 

anatomy of, 292,293 
bifìd, 299 
eetopie, 299 
Penis 

anatomy of, 419-423 
arteries of, 420-422 
body of, 420 

bnlb of, 369, 376, 412t, 435-436 
eirenmeision of, 426-427 
ernra of, 419 , 436 
ejaenlation, 423, 425 
emission from, 423 
ereetion of, 423 
glans, 365, 420 , 420 


hypospadias of, 426 
innervation of, 422-423 
nerves of, 422-423 
root of, 419 
skin of, 420 
veins of, 422 
Perenssion 

of heart, 137, 153 
of thorax, 123 

Perentaneons translnminal eoronary 

angioplasty, 157 ,157 
Perieardial rnb, 133 
Perieardioeentesis, 134 ,134 
Periearditis, 133 
Perieardinm, 128-132, 134 ,168 
arteries of, 129 

defìnition of, 128 

development of, 129,130 
fìbrons 

anatomy of, 111, 128-129, 129,162 
eardiae tamponade of, 133-134 
deseription of, 132 
fnnetions of, 128 
hemopericardium, 133 
nerves of, 129,131-132 
pnenmoperieardinm, 133 
serons 

deseription of, 128 ,129 
parietal layer of, iii, 128 
viseeral layer of, 128 , 129 
veins of, 129 
Periehondrinm, 19 
Perieraninm, 843, 844, 962 
Perieytes, 37 
Perilymph, 975 
Perinenm, 327 
bonndaries of, 403 
disposition of, 403 
episiotomy of, 414-415 
female, 401, 403, 405^06, 428-434, 431 

male, 405^06 
deseription of, 418 
distal male nrethra, 418 
lymphatie drainage of, 401, 423 
penis {see Penis) 
serotnm {see Serotnm) 
nerves of, 422 
Perinenrinm, 49, 50 
Periodontinm, 930, 932, 934 
Periorbita, 891 
Periostenm 

anatomy of, 16, 19, 22-23, 26, 845 
innervation of, 473 
Peripheral arterial disease, 608 
Peripheral nervons system 
anatomy of, 3, 47 , 49 
nerve fìbers of, 47 , 49, 49-50 
organization of, 47 
Peristalsis, 227 , 232 
Peristaltie wave, 68 
Peritoneal dialysis, 224 
Peritonenm 

adhesions of, 224 
anatomy of, 343 
defìnition of, 217 
in females, 343 


formations, 219-221 
intraperitoneal injeetion, 224 
mesentery of, 219 
parietal 

anatomy of, 187, 189, 201, 217, 239, 343 

diaphragmatie, 121 
embryology of, 218 
snrgieal proeednres of, 223 
viseeral, 217-218 
Peritonitis, 223-224, 260, 390 
Pes planns, 667-668 
Phalanges 
of foot 

anatomy of, 523, 609 
general images of, 20 
of hand 

fraetnres, 687 
general images of, 20 
isehemia of, 790 
Phalanx 

distal, 513, 674, 811 

middle, 811 

proximal, 27, 513, 674, 811 

Pharynx 

arteries of, 1038 
deseription of, 1032-1038 
mnseles of, 1036, 1037t, 1038 
parts of, 1032,1034-1038 
veins of, 1038 
Philtrnm, 860 , 929 
Phimosis, 426 
Physieal examination 
defìnition of, 2 
instmments nsed in, 2 
Pia mater, 461 

anatomy of, 47, 49, 500, 872 
spinal, 500, 500 
Pilomotion, 62 

Pisiform, 679, 680 , 682, 683, 763, 775, 787, 

791, 807-808 
Plagioeephaly, 842 
Plane(s) (in general) 
anatomieal, 5-6, 6 
faseial, 19 
interfaseial, 19 
intrafaseial, 19 
neurovascular, 191 
Plane(s) (named) 
eoronal, 5 , 6 
frontal, 5 , 6 

interspinons, 183, 184 , 185 
median, 5 , 6, 184 ,185 
midelavienlar, 184,185 
midsagittal, 5 
orbitomeatal, 822 , 823 
sagittal, 5 , 6 
snbeostal, 184 , 185 
snpraeristal, 505, 520 
transpylorie, 184 , 185, 232 
transtubercular, 184 , 185, 232 
transumbilical, 184 , 185,195, 210 

transverse, 6 , 6 

transverse thoraeie, 102, 128 , 128, 

132 ,183 

Plantarfìexion, 7,10 
Plaque, atheroselerotie, 888 
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Plate 

eribriform, of ethmoid, 834, 834, 869, 1056, 
1062 
epiphysial 

anatomy of, 22, 22 

fraetnres of, 528 
growth, 455 

horizontal, of masillae, 829, 831 
perpendienlar, of ethmoid, 824, 955 
pterygoid 

lateral, 830, 831-832, 917, 936-937, 952 
medial, 830, 831-832, 834, 936-937 
tarsal, snperior, 890 
tympanie, 834, 917, 952 
Platean, tibial, 520, 638 
Plenra, 108 
arteries of, 116 
eervieal 

deseription of, 107, 108-110,127, 128,162, 

1012 

injnries to, 120 

eostal, 107, 119, 166-167 
enpola of, 108, 150 
diaphragmatie, 119 

inflammation of (plenritis), 122 
injnryto, 120 

lymphatie system of, 117-118 ,118 
mediastinal, 119, 127, 162,166-167 
nerves of, 118-119 ,119 

parietal 

anatomy of, 107, 108, 121, 499 
eostal part oí, 111,1013 
lymphatie drainage from, 117 
nerves of, 119 

snrfaee anatomy of, 119-120 
veins of, 116-117 
viseeral 

anatomy of, 107, 108, 115,118, 121 

nerves of, ii9 
Plenral adhesion 
deflnition of, 122 
lymphatie drainage after, 125 
Plenral pain, 125 
Plenral refleetion, 109, 109-110 
Plenral rnb, 122 
Plenral sleeve, 113 
Plenreetomy, 122 
Plenrisy, 122 
Plenritis, 122, 125, 282 
Plenrodesis, 122 
Plexus 

abdominal antonomie, 305 
aortie, 367 
thoraeie, 167, 167 
Anerbaeh, 244, 305 
basilar, 868, 870 
braehial 

anatomy of, 54, 89, 93, 693, 715, 993, 1013 
bloek of, 730 

deseription of, 721-725, 982 
Erb-Dnehenne palsy of, 730 
injnries to, 729-730 
nenritis of, 730 
roots of, 721, 996 
tmnks of, 721, 721, 996 
eapillary, alveolar, 115 

eardiae, 119,150, 163, 164, 172t, 1076 
earotid, 885 ,1069 
extemal, 916 


eeliae, 234, 238, 265, 267, 276, 278, 280, 297, 
303t, 305, 1076 

eervieal 

anatomy of, 54, 693, 996, 997 
bloek of, 1009 
entaneons branehes of, 996 
motor branehes of, 996 
nerve roots of, 1077 
ehoroid, 865, 866, 879-880, 881 ,1056 


eoeeygeal, 358 
dental 

inferior, 921, 931, 934 
snperior, 931, 934 

esophageal, 119, 163, 164, 165, 166, 172t, 


172, 230,1074 
formation of, 55 
hepatie, 276, 277 

hypogastrie 

inferior, 301, 303t, 305, 360, 367, 372, 390, 
398, 414 ,422 


snperior, 252, 303t, 304-305, 360, 367, 

372, 390, 398 

intermesenterie, 303t, 305 
limbal, 897 

Inmbar, 54, 312, 312, 313 
lymphatie, 43, 691 
deep, 117,118 
of palm, 693 
pnlmonary, 117 
snbareolar, 99, 101, 720 
snbepieardial, 148 
snbplenral, 118 
snperfleial, 117 
Meissner, 244 
mesenterie 

inferior, 303t, 305 
pnlmonary, 238 

snperior, 243, 246, 267, 276, 297, 305 
myenterie, 244, 246, 305 
ovarian, 384 
parotid, 853, 915, 1068 
pelvie, 302, 355, 390 
peri-arterial, 23, 230, 231, 243, 358,1020 
peribiliary, 2 75 
perivasenlar, 246 
pharyngeal, 1035, 1038, 1072 
phrenie, 290 
pnlmonary, 172t, 1076 

anterior, 162 

Mt, 119,164, 172 
right, 119, 163, 164 
renal, 297, 297, 303t, 1076 
saeral, 54,207, 339, 340, 357-358, 372, 390, 411 
snbmneosal, 244, 246 
thyroid, 1020-1021 ,1021 

tympanie, 971,1073 
nterine, 384 
venons, 41 
epidnral, 320 

pampiniform, 207, 208-209, 210, 376, 384, 
422, 436 


pelvie, 355, 367 

prostatie, 356, 367, 368, 369, 377, 379, 422, 
423, 435 

pterygoid, 857, 907, 921, 937 
reetal, 371, 371, 414, 417 
snbmneosal, 959 
nterine, 384, 388-389 


nterovaginal, 389 
vaginal, 356 
vertebral 

external, 472 

internal, 355, 379, 472, 500, 868 
vesieal, 363, 369, 377, 422 
Pnenmomediastinnm, 989 
Pnenmoneetomy, 83,124 
Pnenmoperieardinm, 133 
Pneumothorax, 120-121, 1008 
Podiatry, 609 
Point 

MeBnrney, 199, 260 
midingninal, 184, 135 
semilnnar, 184 ,185 
Poland syndrome, 709 
Pole 

frontal, 878, 879, 885t 
oeeipital, 878, 879, 885t 
temporal, 878, 379, 885t 

thyroid gland, 1020 

Polymastia, 105-106 
Polythelia, 103, 105-106 
Pons, 878, 879,1022,1056 
Porta hepatis, 223, 233, 269, 270 
Portal venons system, 42 
Position 

anatomieal, 5 
lithotomy, 348 
snpine, 132 

Trendelenbnrg, 309, 1011 
Positron emission tomography, 70 
Posterior, 6, 3 

Posterior drawer sign, 663, 663 
Postero-anterior projeetions, 125, 126, 176 
Poneh 
perineal 

deep, 404, 407-408, 408-409 
snperfleial, 404, 407 
reeto-nterine, 343, 365, 371, 374, 386, 

388, 437 

reetovesieal, 220, 345, 365, 371, 374, 376, 435 
vesieonterine, 365, 386, 387, 437 
Power grip, 771, 772 
Preeision grip, 771, 772 
Pregnaney 

breast ehanges dnring, 98-99 
eetopie, 392 

pelvie floor injnry dnring, 348-349 
pelvie ligaments dnring, 336 
nterine ehanges dnring, 394, 394-395 
vaginal distension, 396 
Prepnee 

of elitoris, 428 
of penis, 420, 420 
Presbyopia, 911 
Pressnre, 

intra-abdominal, 81 
intraeranial, 888 
intrathoraeie, 81, 32 
Primary ossifleation eenter, 22, 22 
Proeess/proeesses 
aeeessory, 451 
alveolar, 825, 325 
artienlar, 442 

of eervieal vertebrae, 446t, 933 
inferior, 76, 77, 442, 443, 464, 466 
of Inmbar vertebrae, 450 
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superior, 76, 77, 442, 443, 466 
of thoraeie vertebrae, 448t, 466 
axillary, 98 
caudate, 272 
eiliaiy, 896 
elinoid 

anterior, 832, 834, 870, 873, 883, 961 
posterior, 832, 834 
eondylar, 917 
eondyloid, 948 

eoraeoid, 675, 676, 698, 707, 734 

eoronoid 

anatomy of, 66, 678, 802, 805 
fraetnres of, 837, 838 

of mandible, 826 

eostal, 455 

frontal 

of masilla, 825-826 
of zygomatie bone, 825-826 
jngnlar, 1014 
lateral, of mallens, 969 
mammillary, 451, 455 
mastoid, 485t, 829, 831, 915, 952,1005 
of temporal bone, 826, 828, 917, 984 
palatine, of maxillae, 829, 831, 936 
papillary, 272 
pterygoid, 830, 952 
pyramidal, of palatine bone, 917 
spinons 

of axis, 469, 871 

bifìd, 983 

ofC5, 871 

of C6, 1040 

of C7, 103, 1040 

of eervieal vertebrae, 446t, 1022 

defìnition of, 21, 21 

of L2, 442 
of L4, 505 

of Inmbar vertebrae, 450, 483 

of 82,453 

ofTl,SS 

of T4, 485t 

ofT12,iJ9 

of thoraeie vertebrae, 76, 448t 
styloid, 1036 

of 3rd metaearpal, 680, 683 
of eraninm, 823 

of radins, 674, 678, 682, 764, 765, 805, 808 
of temporal bone, 828, 883, 917, 984 
of temporomandibnlar joint, 919 
of ulna, 678, 764, 765, 805 

temporal, of zygomatie bone, 826 
transverse, 442 
of axis, 493t, 493 
ofC4, 486 

of eervieal vertebrae, 446t, 454, 983 
of coccyx, 452 
of L2, 442 

of Inmbar vertebrae, 450, 454 
ofT5, 80 

of thoraeie vertebrae, 448t, 454 
nneinate, 240, 242, 266, 322, 445, 465, 1040 
vaginal, 832, 917 

xiphoid, 73, 78, 73-79, 84, 100, 103,128, 

183,186,194, 210, 306, 324 
zygomatie, 831 

of frontal bone, 826 
of temporal bone, 826, 828, 917 


Proetoseope, 375 
Projeetion, 

anteroposterior (AP), 66 
postero-anterior (PA), 66, 66, 125, 

126, 176 

Prolapse 

of pelvie viseera, 414 
of reetnm, 416 
of nterns, 392, 393 
Prominenee 
of eheek, 929 

laryngeal, 1000,1006, 1023, 1024, 1039 
mandibnlar, 853 
maxillary, 853 

Promontory, saeral, 329, 333, 335, 451 
Pronation, 9, 11, 806 
Pronator syndrome, 768 
Proprioeeption, 28 
Proprioeeptive sensations, 52 
Proseetions, 3 
Protraetion, 10, 11 
Protrnsion, 10, 11 
Protnberanee 
defìnition of, 21 

mental, 823, 827, 359 

oeeipital 

external, 21, 467, 485t, 495, 823, 829, 831, 
868, 871, 1007 
internal, 834, 835, 868-869 
Proximal, 7, 3 
Psoas sign, 318 
Pterion 

anatomy of, 826, 828, 828t, 917, 952 
fraetnre of, 874-875 
Ptosis, 908-909 
Pnbie bone, 520 
Pnbis, 328, 428, 516 
Pnlmonary embolism, 124-125, 561 
Pnlmonology, 4 
Pnlpitis, 947 
Pnlse 

earotid artery, 1007, 1010 
dorsalis pedis, 625 
faeial artery, 863 
internal jngnlar, 1011 

popliteal, 604 

posterior tibial, 608, 622 

radial artery, 768, 792 
Pnnehdrnnk syndrome, 886 
Pnnetnre 

eisternal, 886 

internal jngnlar vein, 1011 

Inmbar spinal, 505, 505-506 
spinal, 505, 505-506 
sternal, 24 

snbelavian vein, 728, 1008 
Pnpil, 895, 896, 908 
Pns, 225 
Pyosalpinx, 392 
Pyramid, renal, 292, 293 
Pyrosis, 254 

Q 

Quadrantectomy, 105 
Quadrants 

of abdomen, 185 
of breasts, 104, 104 
Quadriplegia, 460, 477 


R 

Radieal masteetomy, 105 
Radieal prostateetomy, 381 
Radiographie anatomy, 2 
Radiographs, 66 

anteroposterior proieetions, 66, 

126, 176 
ehest, 126-127 
eonventional, 66, 66-67 
of elbow joint, 802 
lateral projeetions, 127 
mediastinal silhonettes, 176 
postero-anterior proieetions, 66, 66, 125, 

126, 176 

of thorax, 66 
Radiolneent, 66 
Radionnelides, 70 
Radiopaque, 66 
Radius 

anatomy of, 678-679 
distal end of, 685 
fraetnres of, 685-686 
radiographs of, 802 

right, 673 

Ramus/rami 

anterior, 54, 90, 452, 473, 502 
of braehial plexus, 1013 
of spinal nerve C2, 871 
of spinal nerve C3, 37i 
of eervieal plexus, 997 
communicantes, 93 
gray, 59, 61 
white, 58, 61 
isehial, 328, 329, 515, 516 
isehiopnbie, 329, 403, 435-436, 438, 510, 
516, 549 

of mandible, 823-824, 826, 917 
posterior, 90, 473, 502 

primary 

anterior, 51-52, 53 
posterior, 51 
pubic, 512 

inferior, 328, 333, 515 
snperior, 328, 513, 516 
Raphe 

fìbrons, 993, 999 

palatine, 937 

penile, 418, 420 

perineal, 418, 420 

pharyngeal, 1035, 1037t 

pterygomandibnlar, 844, 845,1034 

serotal, 418 

Raynand syndrome, 790 
Reeeptors, mnsearinie, 150 
Reeess 

anterior, of isehio-anal fossae, 410 
eostodiaphragmatie, 107,109, 110, 111,136, 
223, 235, 263, 290 

eostomediastinal, 111 

epitympanie, 966, 967, 971 
hepatorenal, 269, 269, 292, 293 
ileoeeeal, 248 
lateral, 1056 

of omentnm, 221 
peritoneal, 221 

pharyngeal, 1032-1033, 1034 
piriform, 1025,1032, 1036, 1044 
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Reeess {eontd.) 
saeeiform 

of distal radio-ulnar joint, 807, 808 
of proximal radio-nlnar joint, 804 
sphenoethmoidal, 957, 958, 961 
snbphrenie, 221, 269 
snperior, 269 
Reeta, vasa, 244, 246 
Reetnm 

anatomy of, 239, 248, 253, 368-371, 437 
arteries of, 371 
examination of, 374-375 
hemorrhoids, 417 
innervation of, 371, 372 
lymphatie system of, 400, 402 
prolapse of, 416 
reseetion of, 375 
veins of, 371 
Reflex(es) 

abdominal, snperfleial, 198 
bieipital myotatie, 741 
ealeaneal tendon, 607 
eorneal, 912 
eremasterie, 212 

gag, 949 

Hering-Brener, 119 
light, 978 
myotaetie, 33 
patellar tendon, 559 
plantar, 625 
pnpillary light, 911 
Reflex hammer, 3, 33 
Region(s) 

of abdomen, 183-184, 185 
ankle, 510 
bneeal, 929 

eervieal 

anterior 

anatomy of, 990t, 990, 998-1000 
arteries in, 1001-1004 
deseription of, 999, 1007 
mnseles in, 1001,1002t, 1002 
nerves in, 1005 
veins in, 1004 
lateral, 990t, 990 
arteries in, 992, 994-995 
deseription of, 993, 1007 
disseetion of, 993 
lymphatie system of, 999-1000 
mnseles in, 992, 993 
nerve bloeks in, 1009 
nerves of, 995-996 
veins in, 995, 995 
posterior, 990t, 990, 992, 1007 
snperfleial stmetnres of, 1053 
snrfaee anatomy of, 1005-1007 
dorsal (dorsnm), of foot, 610, 611, 614, 618, 
619, 621, 622 

arteries of, 594t, 594, 619, 619-620 

faseia of, 610, 611 
lymphatie drainage of, 620, 622 
mnseles of, 614t, 614, 
nerves of, 614, 618t, 618 
snrfaee anatomy, 609, 622-624, 623 
venons drainage of, 620, 621 
femoral, 510 
foot, 510 


glnteal 

anatomy of, 510, 562-563 
arteries of, 575-577, 576t, 576 
injeetions in, 582-583 
lymphatie system of, 577-578 
snrfaee anatomy of, 578-581 
veins of, 577 

hypoehondriae 

left, 185 


right, 185 

ingninal, 202-206 

left, 185 


right, 185 
knee, 510 

lateral 


left, 185 
right, 185 
leg, 510 

of lower limb, 510, 510 
oral, 928-951 
popliteal, 584 

sternoeleidomastoid, 989-1007 
snboeeipital, 492 
taloemral, 510 

thigh, 510 

of npper limb, 672-673 
Regional anatomy, 2, 2-3 
Regional anesthesia 
for ehildbirth, 397 
of lower limbs, 541 
Regnrgitation, 153 
Renal ealenli, 300 
Renal failnre, 224 
Renal transplantation, 298 
Reposition, 9, 11 

Reprodnetive system, 4 (see also speeifie anatomy) 
Reseetions 
of Inng, 124 
of reetnm, 375 

transnrethral, of prostate, 381 
Respiratory system, 4 
Retina 

anatomy of, 895, 896-897 
detaehment of, 910 
Retinaenlnm 
of ankle, 609 

deflnition of, 18, 189, 202 

extensor 

anatomy of, 32, 532, 533, 688, 690, 750, 
753-754, 757 

inferior, 589, 590, 592, 609, 622 
snperior, 589, 590, 592, 609 
flbnlar, 34 
inferior, 595 
snperior, 595, 599 

flexor, 32, 599, 617, 688, 690, 750, 763, 775, 
791 


patellar 

lateral, 547, 548, 637 
medial, 547, 548 
Retraetion, 10, 11 
Retmsion, 19, 11 
Rhinitis, 964 
Rhinorrhea, 887 
Rhizotomy, 54 
Ribs 
Ist 


anatomyof, 73, 74, 75, 79,109,162,168, 
995,1013 

groove of, 112 

radiographie appearanee of, 66 
synehondrosis of, 73, 78, 81 
2nd, 73, 75, 76, 98,119, 486 
4th, 109 
5th, 80,119 
6th, 80, 98,109 
7th, 73, 233 
8th, 73, 75, 92 
9th, 121 

lOth, 73, 74, 109, 233, 290 
llth, 74, 75, 363 

12th, 73, 74, 75, 79, 306, 312, 363 

atypieal, 74, 75, 76 

body of, 74, 75 

eervieal, 460 

eostal eartilage of, 74, 76 

eostovertebral artienlations of, 77 

eonnting of, 102 

deflnition of, 74 
disloeation of, 85 
false, 73, 74 
floating, 73, 74 
fraetnre of, 83 
general images of, 29 
head of 

anatomy of, 74, 75 
joints of, 79 
movements of, 82 

neek of, 74, 75 
rotation of, 77 
separation of, 85 
snpemnmerary, 84 
snrfaee anatomy of, 192 

trne, 73, 74 

tnberele of, 74, 75, 77, 79, 39 
typieal, 74, 75, 77 
Rider’s bones, 23 
Ridge(s) 

mammary, embryonie, 106 
petrons, 834 
sagittal sinns, 869 
snpra-epieondylar, 753 
lateral, 674, 677 
medial, 674, 677 
transverse, 78 

Rim, epiphysial, 441, 455, 465 
Rima glottidis, 1023, 1024-1027 
Rima vestibnli, 1027 
Ring 

femoral, 554, 561 

flbrons 

deseription of, 136, 143 
right, 137 

ingninal 

deep, 201, 202-203, 204, 206, 209, 347 
snperfleial, 190-191, 202, 203, 206, 552 
tonsillar, 1034,1038 
traeheal, 1024-1025, 1027, 1040 
nmbilieal, 193 
of Waldeyer, 1038 
Root(s) 

anterior, 49, 50, 51 
of braehial plexus, 721, 996 
of eervieal plexus, 1077 
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of faeial nerve, 853 
nerve, 49, 50 
of nose, 859, 955 
of penis, 419 
posterior, 49, 50, 51, 500 

spinal nerve 
Ist eervieal, 499 
Ist Inmbar, 499 
anatomy of, 496 
arteries of, 501-504, 504 
eompression of, 505 
veins of, 501-504, 504 
sympathetie, of eiliary ganglion, 904 
of teeth, 932 
of trigeminal nerve, 853 
Rootlets 
anterior, 49 
posterior, 1078 
Rostral, 7, 8 
Rotation 

deseription of, 10,11 

of knee joint, 643t 
of seapnla, 702 
of vertebral eolnmn, 470 
Rnb 

perieardial, 133 
plenral, 122 
“Rnle of Nines,” 16 
Rnnner’s knee, 558-559 
Rnnning, 542 
Rnptnre 

of abdominal aortie anenrysm, 319 

of anenrysm, 887 

of appendix, 259-260 

of bieeps tendon, 741-742 

of bladder, 373 

of ealeaneal tendon, 607 

of eoraeoelavienlar ligament, 813 

of diaphragm, 317 

of liver, 284 

of panereas, 283 

of spleen, 281 

of nrethra in men, 415-416 


s 

Sae(s) 

alveolar, 115, 116 
eonjnnetival, 909 
dnral 

anatomy of, 461, 497, 498 
spinal, 502 

endolymphatie, 970, 974, 975, 1071 

laerimal, 889, 893 

perieardial, 131, 134, 166,186, 307 

peritoneal, 18 
plenral, 18 
Saeenle 
of ear, 974 

laryngeal, 1023, 1025-1026 
Saeralization, 462 
Saernm 

anatomy of, 20, 329, 437, 510, 512, 627 
apex of, 451 

anrienlar snrfaee of, 451 
base of, 451 
enrvatnre of, 470 
dorsal snrfaee of, 451, 452 


ossifìeation of, 454 
pelvie snrfaee of, 451, 452 
snrfaee anatomy of, 452-453, 453 
snrfaees of, 451 
Saliva, 945 
Salpingitis, 391 
Sareomas, 45 

Satnrday night syndrome, 54 
Seala tympani, 976 
Seala vestibnli, 976, 976 
Sealp 

arteries of, 856 
deseription of, 843 
infeetions of, 860-861 
injnries to, 860 
laeerations of, 864 
layers of, 843, 843-844 
lymphatie system of, 858, 859 
mnseles of, 844 
nerves of, 853 
veins of, 856-858 

wounds to, 860 
Sealp proper, 860 
Seapha, 967 
Seaphoeephaly, 842 
Seaphoid 

anatomy of, 679, 680, 683, 757, 807-808 
fraetnre of, 686, 817 
Seapnla 

aeromion of, 680-681 

anatomy of, 20, 27, 73, 226, 672 
arterial anastomoses aronnd, 726-727 
border of, 675, 681, 708, 708 

eoronoid proeess of, 66 
deseription of, 675-677 
fraetnre of, 684 
movements of, 702 
right, 676 

spine of, 73, 674, 708 
snrfaees of, 675 
winged, 709, 709 
Sears, 15 
Seiatiea, 475 
Selera, 890, 895, 908 
Seoliosis, 481, 481 

Serotnm 

anatomy of, 208-209, 418, 420 

anesthetizing of, 215 

arteries of, 418 

eaneer of, 215 

distension of, 426 

hematoeele of, 214 

lymphatie system of, 207, 418-419 

primordial, 205 

veins of, 418-419 

Seeondary ossifìeation eenter, 22, 22 
Seeond-degree bnm, 15, 16 
Seetions, 
longitndinal, 6 , 7 
oblique, 6 , 7 
transverse, 6 , 7 
Segment(s) 

anterior (aqueous), of eyeball, 895, 897 
bronehopnlmonary, 114-115, 115, 123-124,127 
hepatie (snrgieal), 272, 273-274, 289 

of kidney, {see Segments, renal) 

of liver, {see Segments, hepatie (snrgieal)) 

of Inng, {see Segments, bronehopnlmonary) 


posterior (vitreons), of eyeball, 895, 898 
renal, 295, 296 
Segmental ateleetasis, 124 
Segmenteetomy, 124 
Sella tnreiea, 832, 835, 883 
Sellae 

dorsnm, 829, 832, 869, 883 
tnberenlnm, 832, 834, 835 
Sensory system, somatie, 57 
Septal defeets 
atrial, 152 
ventrienlar, 152 
Septieemia, 29, 46 
Septnm 

atrioventrienlar, membranons part of, 137 
earotid, 1001 
femoral, 554 
fìbrons, 610 

lateral, 773 
medial, 773 
interalveolar, 934 
interatrial, 139-140, 143,149 

intermnsenlar 
anterior, 532 

lateral, 532, 565, 586, 635, 688, 690 
medial, 688 , 690, 737 
posterior, 532, 588 
transverse, 532, 533, 588, 596, 601 
interradienlar, 934 
interventrienlar 

deseription of, 141 ,149 
membranons part of, 137, 141, 141,143 ,149 
mnsenlarpart of, 141, 143, 149 
lingnal, 941 

nasal, 825, 825, 841, 955-956, 958, 961 
orbital, 890, 891-892 
penis, 419, 420 

reetovesieal, 346, 365, 371, 376, 377 
serotal, 208, 418, 436 
Septnm pellneidnm, 879-880 
Serons membrane, 18 
Shaft 

of bone, 20 

of femnr, 512, 517, 518, 520 
of fìbnla, 522 
of hnmerns 

anatomy of, 676, 682 
fraetnre of, 685, 742 
of metatarsals, 525 
of phalanges, 525 
of radins, 674, 678, 690 
of tibia, 520, 604 
of nlna, 678 
Sheath 

of araehnoid, 974t 
ax illary, 715, 988 

earotid, 986, 988-989,1000, 1001, 1003, 
1007,1015 
dnral, 890 
of eyeball, 895 
of eyeball, 890, 891 
faseial, of eyeball, 899 
femoral, 552, 553, 554 
fìbrons digital, 773 
fìexor, eommon, 750, 780 
hypogastrie, 345, 347 

nenrovasenlar, 17 
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Sheath {eontd.) 

parotid, 915 
psoas, 310 
rectus 

anterior wall, 188, 189-192, 192-193 
posterior wall, 192, 201 
synovial tendon, 18, 18, 750, 754 
tendinons 

of abdnetor pollieis longns, 757 
of digits, 32 

of extensor earpi radialis, 752 
of extensor earpi nlnaris, 756 
of extensor digitornm, 752 
of extensor indieis, 752 
of extensor pollieis brevis, 757 
of extensor pollieis longns, 757 
of flexor earpi radialis, 749 
of flexor pollieis longns, 750 
in hand, 779 
of thyroid gland, 1036 
Shelf, talar, 524 
Shin splints, 605 
Shingles, 96-97 

Shonlder, joints 
Shnnt 

arteriovenons, 42 
portoeaval, 285 
portosystemie, 285, 288 
Sialography 

of parotid dnet, 926-927 
of snbmandibnlar dnet, 951 
Sialolith, 927 
Sigmoidoseope, 375 
Sigmoidostomy, 260 
Sign 

anterior drawer, 663, 663 
Babinski, 625 
Hegar, 393 
pean d’orange, 104 
posterior drawer, 663, 663 
psoas, 318 
Trendelenbnrg, 660 
Simple masteetomy, 105 
Sinns 

anal, 410, 413 

aortie 

left, 144 ,144 
posterior, 144 ,144 
right, 144 ,144 
branehial, 1048 
earotid 

anatomy of, 1000, 1001,1003 

hypersensitivity, 1010 
eavernons 

anatomy of, 869, 870, 883, 907, 919,1064 
thrombophlebitis of, 875-876, 913 
thrombosis of, 876 
eonflnenee of, 835, 867, 868, 870 
eoronary, 138, 139-140 ,148 

dnral venons, 868 

of epididymis, 209, 210, 215 
ethmoidal, 841, 960, 961 
frontal, 868, 935, 957, 960, 961,1062 
intereavemons, 869, 870 
laetiferons, 98, 98 
maxillary, 841, 963 


of {see Joint[s], glenohnmeral) 


oeeipital, 868, 869 
oeelnsion of, 876 
paranasal, 841, 841, 960-963 
perieardial 

formation of, 129 ,130 
oblique, 129, 130,131 
transverse, 129, 130,131,133 
snrgieal signifleanee of, 133 
petrosal 

inferior, 868-869, 870, 870, 1004 ,1004 
snperior, 829, 868-869, 870, 870,1057 
prostatie, 368, 369, 379 
pnlmonary, 153 
renal, 291, 292 

sagittal 

inferior, 843, 867, 868, 870,1057 
snperior, 830, 843, 866, 868, 870, 880, 962, 
1057 

sigmoid, 829, 868, 869, 869-870, 971, 

1057 

sphenoidal, 935, 957, 960-962, 961,1062 
sphenoparietal, 870 
straight, 867, 868, 870 
tarsal, 650 

tonsillar, 935,1033, 1034 
transillnmination of, 964, 965 
transverse, 834, 867-869, 868-870,1057 
tnmor metastasis to, 876 
venogram of, 871 
venons, 876 

seleral, 895, 897, 907 
Sinns venamm, 138, 140 
Sinnsitis, 964 
Sitns inversns, 134 
Skeletal system 
deflnition of, 3 
parts of, 19 
Skeleton 

appendienlar 

anatomy of, 19, 330 
inferior, 674 
snperior, 673 
axial, 19, 330, 440, 672 

thoraeie 

anatomy of, 73 
deseription of, 72 

ribs, 74-76, 75 

snrfaee anatomy of, 99-100,102-104 
Skier’s thnmb, 817 
Skin, 14 

anatomy of, 12-14 ,13 
bnrns to, 15-16 

eolor signs in physieal diagnosis, 14 

dermis of, 12-13 ,13 

epidermis of, 12, i3 

of foot, 610 

fnnetions of, 12 

ineisions in, 15 

injnries to, 15-16 

innervation of, 13, 51 

laeerations of, 15 

ligaments, 13, 14 

of neek, 1005 

parasympathetie stimnlation, 65t 
searring of, 15 
streteh marks in, 15,15 
snbentaneons tissne 


anatomy of, 13, 13-14, 17, 98 
skin ligaments of, 14,1 7 
sympathetie stimnlation, 65t 
tension lines of, 13, 14 
Skin dimples, 520 
Sleeve, pnlmonary, 112, 113 
Small intestine 
absorption in, 227 
anatomy of, 239, 239, 241 
arteries of, 245 
dnodennm {see Dnodennm) 
isehemia of, 258 
lymphatie system of, 238 
nerves of, 238, 247 
in omental bnrsa, 221-222, 226-227 
radiographie image of, 68 
snrgieal navigation of, 258 
veins of, 245 
Smell, loss of, 1078 
Smoker’s cough, 122 
“Soft spot,” 28 
Sole of foot 

anatomy of, 7, 8, 602 
arteries of, 620 
eentral eompartment of, 610 
dorsal eompartment of, 610 
hemorrhaging wounds of, 625 
interosseons eompartment of, 610 
lateral eompartment of, 610 
medial eompartment of, 610 
Spaee 

of Bogros, 197, 204 
epidnral, 46, 441, 498 
episeleral, 890 
extradural, 473, 500, 505 
faseial, 197 
intereostal, 73, 76, 90 
fonrth, 98 
thoraeentesis, 121 
leptomeningeal, 500 
meningeal, 872 
midpalmar, 773, 773 
paravesieal, 346 
Parona, 790 
pelvireetal, 346, 348 
perisinnsoidal, 275, 276 
postnatal, 416 

quadrangular, 716, 718, 735 
reetovaginal, 347 
retro-ingninal, 551, 552 
retromammary, 98, 98, 104 
retropharyngeal, 986, 989, 992 ,1031 
retropnbie, 345, 346, 365, 366, 374, 376 
retroreetal, 345, 346, 347 
of spinal meninges, 500 
snbaraehnoid 

anatomy of, 441, 461, 473, 497, 500, 502, 
505, 505, 871, 880, 881, 890,1062 

eerebral, 880 
deseription of, 865 
development of, 505 
spinal, 880 
snbeostal, 76 
snbhepatie, 269 
subinguinal, 202, 202 

snprasternal, 986, 988, 1000, 1007 ,1031 
thenar, 773, 773 
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vesieoeervieal, 347 
vesieovaginal, 347 
Sperm, 209 
Spermatoeele, 215, 215 
Spermatogenesis, 207 
Spermatozoa, 209 
Sphenoid bone, 823-824, 830 
Sphineter 
anal 

extemal, 342, 365, 371-372, 376, 402, 411, 
421, 424t 

internal, 365, 376, 402, 410, 411, 421 
of the bile dnet, 277 
esophageal, inferior, 230 
hepatopanereatie, 267 
of Oddi, 267 

of panereatie dnet, 265, 267 
of pnpil, 1064 
pylorie, 233 
nrethral 

external, 340, 346, 367, 369, 389, 405, 408, 
409, 425t 
internal, 366, 367 

nrethrovaginal, 389, 389, 405, 408, 424t 
Spienles, 19 

Spina bifìda eystiea, 463 
Spina bifìda oeenlta, 463 
Spinal pnnetnre, 505, 505-506 
Spine (of bone) 
defìnition of, 21 
iliae 

anterior inferior, 329, 513, 514, 515, 

578, 631 

anterior snperior, 183, 184, 190,194, 202, 
202, 210, 211, 226, 328, 329, 513, 

514, 515, 519-520, 522, 554, 564t, 
564, 583, 631 684 
posterior inferior, 329, 513, 515 
posterior snperior, 328, 329, 453, 486-487, 
513, 514, 515, 522, 578, 583, 709 
isehial, 329, 333, 340, 403, 513 

nasal 

anterior, 823—824 
posterior, 829, 831, 834, 936 
of seapnla, 21, 674, 675, 708 
of sphenoid, 831-832, 917, 919, 952 
snprameatal, 917 
troehlear, 889 
Spleen 

aeeessory, 281 ,282 

anatomy of, 183, 226, 263, 264, 325 
borders of, 263 
eompnted tomography of, 323 
diaphragmatie snrfaee of, 263 
embryology of, 263 
fnnetions of, 263 
lymphatie system of, 267 
needle biopsy of, 282 
palpation of, 281 
relations of, 263 
rnptnre of, 281 
snrfaee anatomy of, 264 
Spleneetomy, 281 
Splenomegaly, 281 
Splenoportography, 281 
Spondylolisthesis, 336-337, 337, 479 
Spondylolysis, 336-337, 337, 459, 479 


Spondylosis, 463, 506 
Spongy bone, 19 
Sprain 

ankle, 665 
baek, 495 

ligament, 662 
Stalk of epiglottis, 1023 
Standing at ease, 542 
Stapes, 970, 972 
Starling hypothesis, 42 
Steele’s Rnle of Thirds, 477, 477 
Stenosis, 153 
aortie valve, 153 
aqueduetal, 886, 886 
internal earotid artery, 864 
Inmbar spinal, 460, 460 
pnlmonary valve, 153 
spinal, 460 

Stents, intravasenlar, 157 
Sterilization, male, 381 
Sternal pnnetnre, 24 
Sternotomy, median, 84-85 
Sternnm 

anatomy of, 78, 79, 98, 1007 
anomalies of, 85 
biopsy throngh, 85 

body of, 73, 78-79, 100, 102-103,128 
eleft of, 85 
defìnition of, 76 
fraetnre of, 85 

general images of, 19, 78, 79 
mannbrinm of, 73, 76, 78, 80, 94, 99, 119, 
128, 673, 698, 986,1014,1050 

snrfaee anatomy of, 99 
snrfaees of, 673 
xiphoid proeess of, 76, 78, 78 
Stomaeh, 183 
arteries of, 234, 236t 
bed of, 232, 235 
blood vessels of, 234 
body of, 231 
eareinoma of, 255 
eompnted tomography of, 323 
enrvatnres of, 68, 232, 232-233 
defìnition of, 230 
displaeement of, 232 
fnndns of, 68, 229, 231, 232, 324 
gastreetomy, 256 
interior of, 232 
lymphatie system of, 234 ,238 
nerves of, 231 

parasympathetie nerve snpply of, 234 
parts of, 231-232, 233 

pylorie antrnm of, 68 
pylorospasm of, 254 

pylorns of, 68,183, 184, 226, 233, 266, 286 

radiographie image of, 68 

relations of, 232, 234, 235 

rngae of, 68 

snrfaee anatomy of, 231-232 ,232 
nleers of, 256-257 
veins of, 234, 237 
viseeral referred pain, 257 
Strain 

baek, 495 

gastroenemins, 607 
Streteh marks, 15 ,15 


Striae 

gravidamm, 15 ,15 
olfaetory, 1056, 1062 
Strietnres, nrethral, 426 
Stridor, inspiratory, 1082 
Stroke, 1010 
deseription of, 153 
hemorrhagie, 887 
isehemie, 887 
Stye, 910 

Snbentaneons tissne 

of abdominal wall, anterolateral, 186 
anatomy of, 13, 13-14 ,17 
of foot, 610 
of lower limb, 532 
of neek, 985 
of perinenm, 404 
skin ligaments of, 14,17 
Snblingnal absorption of dmgs, 950 
Subluxation, atlanto-axial, 477 
Subluxation, of radial head, 816-817, 818 
Sndomotion, 62 
Snlens 

earotid, 832 
eentral, 878,879 
glnteal, 522, 579 
infrapalpebral, 859, 859 
lateral, 879,1056 
mentolabial, 929, 929 
midline, 940 
nasolabial, 860, 928, 929 
parieto-oeeipital, 878, 879 
preehiasmatie, 832, 834, 835 
snprapalpebral, 859 
terminal, 940 ,1032 
Snperfìeial, 7-8 
Snperior, 7, 8 
Snperolateral, 7 
Snpination, 9, 11, 804 
Snprapnbie eystotomy, 374 
Snrfaee 
artienlar 

of ankle joint, 647-648 
of eervieal vertebrae, 446 
of hip joint, 626, 629-630 
of knee joint, 634, 636 
of lateral eondyle, 639 
of tibiofìbnlar syndesmosis, 647 
eostal, of Inngs, 111, 113 
diaphragmatie 

of heart, 138, 138,146 
of liver, 269 
of Inngs, 112, 113 
of heart, 138 ,138 
of hip joint, 626, 629-630 
ofknee joint, 634, 636 
of liver, 269-271 
mediastinal, of Inngs, 111, 113 
popliteal, 584 

pnlmonary 

left, 138, 138 
right, 138 

radins, 688 
saeropelvie, 329 
of saernm, 451 
of seapnla, 675 
stemoeostal, 138, 146 
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Surface {eontd.) 
of sternum, 673 
of teeth, 932 
of tongue, 938, 940 

Surfaee anatomy, 2 
of aeromion, 708 
of ankle, 622-623, 656-657, 658 

of anterolateral abdominal wall, 210-211 

of arm, 739-740 

of axilla, 707-708 

of baek mnseles, 492 

of eervieal region, 1005-1007 

of eoeeyx, 452-453, 453 

of enbital fossa, 739-740 

of eyeball, 907-909 

of faee, 859-860 

of foot, 622-623, 656-657, 658 

of forearm, 765-766 

of glnteal region, 578-581 

of great vessels, 161-163 

ofhand, 786-789 

of head, 859 

of heart, 171-172 

ofknee, 656, 658 

of laerimal apparatns, 907-909 

of leg, 603-604 

of Inmbar vertebrae, 452-453, 453 
of lungs, 119, 120 
of neek, 1005-1007 
of plenra, 119, 120 
of saernm, 452-453, 453 
of spleen, 264 
of stomaeh, 231-232, 232 
of thigh, 557-558 
of thoraeie wall, 99-104, 106 
Snrgery 

endoseopie, 199 

extrapleural intrathoraeie aeeess, 96 
Inmpeetomy, 105 
masteetomy, 105 
minimally invasive, 199 
open-ehest, 121 
peritoneal, 223 
Sustentaeulum tali, 623, 656 
Sutural bone, 823, 829, 829 
Suture(s) 

eoronal, 26, 823, 826, 829, 830 
frontal, 822 , 824 

intermaxillary, 28, 824, 825, 825, 839, 936 

internasal, 28 
interpalatine, 936 
lambdoid, 826, 829, 830 
metopie, 822, 840 
obliteration of, 841, 841 
sagittal, 829, 829-831 
Swallowing, 1034 ,1035 
Sweat glands, 13 
Sympatheetomy, 319 
Sympathetie nervons system 

of abdominal viseera, 300-301, 304 
deseription of, 58-62, 61, 64 
Symphysis 

mandibnlar, 28, 824, 827, 839, 840, 999 ,1000 
pubie, 19, 184, 186, 211, 325, 328-329, 330, 
332, 333-334, 339, 347, 365, 374, 403, 
437-438, 510, 512, 516, 561, 627 


Synapses, 47,47 

Synehondroses 

oflstrib, 73, 78,81 

ealvarial, 888 
sternal, 78 
Synd 


esmosis 


dento-alveolar, 934 
tibiofìbnlar, 521, 627, 647 
Syndrome(s) 

earpal tnnnel, 767, 790, 817 
enbital tnnnel, 769 
Horner, 913 

isehemie eompartment, 742 
jugular foramen, 1082 
Klinefelter, 104 
Ménière, 979-980 

myofaseial pain, 86 
painfnl are, 813 
Poland, 709 
pronator, 768 
punehdrunk, 886 

Raynand, 790 
Satnrday night, 54 
tarsal tnnnel, 666-667 
thoraeie ontlet, 85 
Synostosis, 22, 78, 514 
System 

alimentary, 4, 227 
artienlar, 3 
eadriovasenlar, 3, 37 
eirenlatory, 3 
endoerine, 4 
genital, 4 

integnmentary, 3, 12 
loeomotor, 4 

lymphatie/lymphoid, 3, 43 
muscular, 3, 29 
nervous, 3, 46 
autonomie, 57 
hmetions, 65 
eentral, 46 
peripheral, 47 
somatie, 57 
reprodnetive, 4 
respiratory, 4 
skeletal, 3, 19 
nrinary, 4 

Systemie anatomy, 3, 3-4 
Systole, 136, 140 


T 

T1 relaxation, 68 
T2 relaxation, 68 
Tail 

of epididymis, 210, 215 
of panereas, 267 
Talus 

anatomy of, 513, 524, 609 
head of, 523, 524, 524-525, 657 
Tamponade, eardiae, 133 
Tarsal bones, 19 

Tarsal tnnnel syndrome, 666-667 
Tarsns, 522, 524 
Taste sensations, 941 
Teeth 

aeeessory, 947 
arteries of, 934 


eanines, 932, 933t, 933, 948 
earies, 947 

deeiduous, 930, 933t, 933 

development of, 840-841 

extraetion of, 948 

fnnetions of, 930 

ineisors, 932, 933t, 933 

innervation of, 931 

mandibnlar, 827 

maxillary, 825, 915 

maxillary sinus and, 964, 965 

molars, 929, 932, 933t, 933, 948, 948 

nerves of, 931 

parts of, 932, 934 

permanent, 932 

premolars, 825, 948 

seeondary, 932, 933t, 933 

seetions of, 934 

supemumerary, 947-948 

types of, 932 

Tegmen tympani, 917, 952, 967, 971 
Temporal bone, 823, 829 
fraetnre of, 863 

petrons part of, 831, 869, 969,1071 
squamous part of, 831, 869, 969,1071 
Tendinitis 
bieeps, 741 
ealeaneal, 606-607 
ealeifìe supraspinatus, 813 
elbow, 766 

Tendon(s) (in general), 203, 208, 340 
Tendon(s) (named) 

abdnetor pollieis longns, 787-788 
addnetor, 549 
bieeps braehii 

anatomyof, 731, 737, 740, 798 
disloeation of, 741 
mptnre of, 741-742 
snrfaee anatomy of, 739 
bieeps femoris, 580, 604, 656 
ealeaneal 

anatomy of, 34, 580, 592, 596-597, 597t, 
601, 604, 623, 649, 657, 658 
refìex, 607 
mptnred, 607 
eentral, 306 
digastrie, 850, 988, 1001 
extensor digitomm, 755, 787 
extensor digitomm longns, 604 
extensor hallneis brevis, 604 
extensor hallneis longns, 604, 623 
extensor pollieis longns, 757 
fìbnlaris longns, 580, 598, 622, 655 
fìexor earpi radialis, 787, 737 
fìexor earpi nlnaris, 787, 737 
fìexor digitomm brevis, 593, 601, 615 
fìexor digitomm longns, 598t, 599, 601, 612t, 
612, 615 

fìexor digitomm probmdns, 755, 773, 739 
fìexor digitomm snperfìeialis, 773, 739 

fìexor hallneis brevis, 601 

fìexor hallneis longns, 598t, 601, 612t, 612, 615 

fìexor pollieis longns, 791 

of forearm, 754 

gastroenemins, 601, 638 

ofhand, 754 

long extensor, 34 
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long flexor, 32 

palmaris longns, 690, 763, 765, 773, 783, 787 
pes anserinns, 553, 635, 638 

plantarflexor, 601 

poplitens, 639-640 

psoas, 202 

quadrieeps, 547, 548, 639 
sartorins, 639 

semimembranosns, 580, 603, 635 
semitendinosns, 580 
snpraspinatns, 814 
tibialis anterior, 601, 604, 623 
tibialis posterior, 598t, 599, 601, 623 
trieeps, 739 

Tenosynovitis, 789-790 
Tension lines of skin, 13, 14 
Tentorial herniation, 869 
Tentorinm, eerebellar, 1057 
Tentorinm eerebelli, 868, 868 
Terms, 

of laterality, 7 
of movement, 7-11, 9-10 

of relationship and eomparison, 6 , 8 
stmetnre of, 5 

Terminal fllnm, {see Filnm terminale) 
Terminalis 

erista, 139, 140,149 
snlens, 138, 138-139 ,149 
Terminologia Anatomiea, 5, 11 
Terminology, anatomieomedieal, 4, 11 
abbreviation of, 12 
anatomieal planes, 5-6, 6 
anatomieal position, 5 
deseription of, 4-5 
laterality terms, 7 
movement terms, 7-12, 9-10 
relationship and eomparison terms, 6-7 
stmetnre of, 11-12 
Testis 

anatomy of, 209, 209-210, 436 
appendix of, 215, 2i 5 

eaneer of, 215 

deflnition of, 209 
deseent of, 205 
hematoeele of, 212 ,214 
hydroeele of, 212 ,214 
lymphatie system of, 207 
maldeseent of, 211 
mediastinnm of, 209 
palpation of, 426 
primordial, 205 
rete, 209 
Tetany, 1043 
Thigh 

abdnetors of, 564t, 564, 568 

arteries of, 575-577, 576t, 576 

eontnsions of, 558 

faseia lata of, 204, 532 

faseial eompartments of, 571 

hematoma of, 558 

lymphatie system of, 577, 577-578 

mnseles of 

anterior, 545-548 
medial, 548-551 
posterior, 569-572 
testing of, 553 
region of, 510 


rotators of, 564t, 564, 568 
snrfaee anatomy of, 557-558 
veins of, 577 

Third-degree bnm, 15, 16 
Thoraeentesis, 121, 121 
Thoraeie ontlet syndrome, 85 
Thoraeoseopy, 122 ,122 
Thoraeotomy, 83-84, 84, 133 
Thorax 

eompnted tomography seans of, 

178-179 
deflnition of, 72 
dimensions of 

anteroposterior, 83 
transverse, 82, 83 
elements of, 72 
flail ehest, 83 

great vessels {see Great vessels) 
heart {see Heart) 

magnetie resonanee imaging of, 180 
mediastinnm {see Mediastinnm) 

nerves of, 92-93,172t 
perenssion of, 123 
radiography of, 66-67,126 
viseera of, 183 
wall of 

anterior aspeet of, 89, 98 
apertnres, 78-79 
arteries of, 93, 95 
breasts {see Breast[s]) 
dermatomes of, 92, 93 
faseia of, 91 
joints of, 79-81 
movements of, 82, 83 
mnseles of, 86-91 
nerves of, 92-93, 172t 
overview of, 72, 77 
posterior aspeet of, 92 

ribs, 74-76, 75 

skeleton of {see Skeleton, 
thoraeie) 
sternnm, 76, 78 

snrfaee anatomy of, 99-104, 106 
thoraeie vertebrae {see Vertebrae, thoraeie) 
thoraeotomy, 83-84, 84 
vasenlatnre of, 93-96 
veins of, 95-96, 96 
Thrills, 153 

Thromboembolism, pnlmonary, 540 
Thrombokinase, 157 
Thrombophlebitis, 540, 875-876, 913 
Thrombosis, 42, 260, 540 
Thnmb 

bnll rider’s, 817 
movements of, 774 
skier’s, 817 

Thymns, 161, 176 ,1046 
Thyroideetomy, 1043 
Tibia (shin bone) 

anatomy of, 19, 510, 520-521 
border of, 520, 521, 604 
fraetnres of, 527-528 
fnnetions of, 520 
general images of, 17 

right, 521 

shaft of, 520, 521, 604 
snrfaee anatomy of, 522 


Tie douloureux, 862 
Tissne 

eonneetive, extraperitoneal, 554 
lymphoid, 43 
Toe 

elaw, 667 

great, 510, 534, 535, 609, 656-657 
hammer, 667 
little, 534, 609 

Tomography 

eompnted {see Gompnted tomography) 
positron emission (PET), 70 
Tongne 

anatomyof, 929, 940,1022,1033,1041 
arteries of, 941, 943, 943 
deseription of, 940 
innervation of, 941 
lymphatie system of, 943, 944 
mneosal snrfaee of, 1022 

mnseles of, 940-941, 942t, 942 
nerves of, 941, 943 
parts of, 938, 940 
snrfaees of, 938, 940 ,1022 
veins of, 941, 943, 944 
Tonsil 

lingnal, 940, 940,1033, 1038 
palatine, 859, 935, 935, 940, 1035, 1039 
pharyngeal, 859, 935,1022,1031,1033, 
1034, 1039 
tnbal, 1033, 1034 
Tonsilleetomy, 1047 
Tonsillitis, 1038 
Tonns, 33 
Tooth soekets, 930 
Tortieollis, 993, 1008 
Torns of pharyngotympanie tnbe, 1034 
Trabeenla 

araehnoid, 500, 872 
septomarginal, 141,141,149 
Trabeenlae eameae, 139, 142 ,143 
Traehea 

anatomy of, 107,111, 114, 124, 150, 
165-166,178-179, 935, 982,1020, 
1022, 1030-1032 ,1044 

radiographie appearanee of, 66 
Traeheostomy, 1045 
Traet, 49 

alimentary, arterial snpply to, 

227 ,228 

nerve deflnition of, 47 
gastrointestinal, 227 
iliopnbie, 201, 202-203 ,204 
iliotibial, 532, 533, 557, 564t, 564-565, 571, 
579, 581, 603, 635, 638 
olfaetory, 884, 960, 1056, 1056-1057, 

1062 

optie, 1056, 1061 

nrinary 

parasympathetie stimnlation, 65t 
sympathetie stimnlation, 65t 
nveal, 894, 895 
Tragns, 966, 967 

Transient isehemie attaeks, 888, 1010 
Transillnmination, 212 
Transplantation 
eomeal, 912 
renal, 298 
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Transvaginal sonography, 68 
Transverse seetions, 6-7 

Trapezinm, 27, 679, 680, 757, 763, 807-808 

Trapezoid, 679, 680, 690, 807 

Tranma 

blnnt, 875 
to bone, 23 
to head, 875 

to median nerve, 790-792 
to neek, 1049-1050 
to peripheral nerves, 54 
to vnlva, 432-433 
Tree 

bronehial, 107 

traeheobronehial, 114, 116, 114, 127 
Trendelenbnrg sign, 660 
Trendelenbnrg test, 582 

Triad, portal, 270, 271, 273, 275, 276-277 

Triangle 

anal, 404, 410-414 
of ansenltation, 483 
earotid, 990t, 990, 1000, 1007,1010 
elavipeetoral, 682, 690, 691 
eystohepatie, 265, 278 
deltopeetoral, 91, 682 
digastrie, 990t, 990 
femoral, 551, 553, 558 
Inmboeostal, 306, 317 
mnsenlar, 990t, 990, 1000 
oeeipital, 492, 990t, 990, 992, 1007 
omoelavienlar, 990t, 990, 992, 1007 
omotraeheal, 990t, 990 
posterior, 724 
saeral, 453, 453 
sternoeostal, 306, 309 
snbmandibnlar, 990t, 990, 1007 
snbmental, 990t, 990, 999, 1007 
snboeeipital, 493t, 493 
nrogenital, 404-409 
Trigone 

of bladder, 366 
fìbrons 

deseription of, 136 
left, 137 

Inmboeostal, 312 

Triquetmm, 679, 680, 791, 807-808 

Troehanter 

defìnition of, 21 
greater, 21 

anatomy of, 517, 518,520,579, 579, 582, 627 
fraetnre of, 527 

lesser, 311, 513, 517, 518, 520, 579, 627 

Troehlea 

defìnition of, 21 

fìbnlar, 523, 524, 524 

of hnmerns, 22, 802 

of talns, 524, 525 

Tmnk 

braehial plexus 
anterior, 721, 724 
deseription of, 992 
inferior, 721, 721 

infraelavienlar part of, 721, 722t, 724 
middle, 721, 721 
parts of, 721, 724 

snpraelavienlar part of, 721, 722t, 724 
variations of, 728-729 


braehioeephalie, 40, 94, 137,150,162, 163, 
164, 716, 995,1003, 1014, 1014,1021 
bronehomediastinal, 170 
left, 118 
right, 118 

eeliae, 58, 228, 236t, 236, 240, 245, 271, 290, 
303t, 316, 323 

eolleeting, 170 

eostoeervieal, 94,168, 995,1014, 1015 
jngnlar, 170, 720 

left, 101 

Inmbosaeral, 54, 312, 313, 340, 357, 367, 
422, 436 

lymphatie 

bronehomediastinal, 99, 101, 994 
intestinal, 246, 316 

jngnlar, 99, 101, 878, 994,1039, 1052 
Inmbar, 536, 536 
snbelavian, 693, 720, 994 

left, 101 
right, 101,118 
thoraeie, 316 

pnlmonary, 40,116,131, 137, 138, 138,143, 
146, 178-179 
snbelavian, 170, 720 

sympathetie, 90, 93, 119,166-167, 238, 276, 
297, 312, 422, 499 
abdominal, 313 
eervieal 

anatomy of, 1004, 1017 
lesion of, 1017 
saeral, 358 

thoraeie, 170, 172, 230 

thoraeo-aeromial, 100 

thyroeervieal, 94, 716, 717t, 995,1013-1014, 
1015 , 1019,1029 
vagal, 230 

anterior, 234, 238, 276, 304, 1074 ,1076 
posterior, 119, 223, 235, 238, 276, 297, 
304, 1074 ,1076 

Tnbe 

ehest, insertion of, 121 

heart, 129 ,130 

pharyngotympanie 

anatomy of, 834, 919, 935, 957, 966, 966, 
967, 970, 971,1032-1033 
bloekage of, 979 
nterine 

anatomy of, 382, 383 
arteries of, 384 
bloekage of, 223 
eetopie pregnaney, 392 
innervation of, 384-385 
ligation of, 391 
parts of, 382, 384 
pateney of, 223, 391 
Tnberele 

addnetor, 513, 517, 518, 520, 549 

anterior, of eervieal vertebrae, 444, 

447, 455 

artienlar, 917, 952 
of bone, 20, 22 
earotid, 1013-1014 
eonoid, 675 
eornienlate, 1025-1026 
enneiform, 1025—1026 
deltoid, 676 


dorsal, of radins, 678 

epiglottie, 1025-1026 

Gerdy, 533, 565, 656, 664 

greater, of hnmems, 22, 674, 676, 681-682, 708 

iliae, 184, 185, 520, 533 

infraglenoid, 734 

intereondylar, 520, 639 

lateral, of tarsns, 523, 524, 524 

lesser, of hnmems, 676, 682 

of lip, 860 

medial 

of ealeanens, 524 
of tarsns, 523, 524, 524 
mental, 824, 826 
pharyngeal, 831, 1037t 
posterior, of eervieal vertebrae, 444, 447, 455 
postglenoid, 917, 919 
pterygoid, 831 

pnbie, 188, 190, 202, 210, 211, 328, 329, 515, 
516, 552, 554, 556, 561, 631 
quadrate, 517, 518 
radial, dorsal, 674, 682, 754 
of rib, 487 
sealene, 76 

of seaphoid, 680, 682, 791, 808 
snpraglenoid, 734 

tibial, anterolateral, 520, 522, 533, 565 

of trapezinm, 682 

Tnberenlosis, 318 
Tnberosity 

of 5th metatarsal, anatomy of, 524-525, 603 
ealeaneal, 524, 524, 597, 658 
of enboid, 524, 524 

defìnition of, 21 

deltoid, 674, 676 

glnteal, 513, 517, 518, 549, 565 

isehial, 328, 340, 342, 403, 436, 512, 514, 

516, 520, 549, 565, 565, 578-579 
of maxilla, 952 

navienlar, 524, 524, 525, 601, 623 
radial, 678, 805 

tibial, 521, 521, 522, 557, 603, 634, 644 

of nlna, 678 
Tnbnle 

seminiferons, 209, 209 
straight, 209, 209 
Tnmors 
orbital, 909 
pitnitary, 875 
Tnniea adventitia, 38, 39 
Tnniea albnginea, 209, 209, 419, 420 
Tnniea intima, 37, 39 
Tnniea media, 36-37, 39 
Tnnnel 
earpal, 790 
osseofìbrons, 779 

u 

Uleer(s) 
eorneal, 912 
dnodenal, 257 
Uleerative eolitis, 260 
Ulna 

anatomy of, 19, 677-678 
fraetnres of, 685-686 
radiographs of, 802 

right, 678 
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U Itrasonography 

of abdomen, 69, 322 
of aorta, 322 

deseription of, 67-68, 69 
Doppler, 67 
of dnodennm, 322 
of liver, 322 
Umbilieus, 192, 210 

Umbo, 967, 969 
Uncus, of body, 446t 
Unilateral, 7 
U reters 

anatomy of, 226, 293, 347, 363 
arteries of, 363 
bifìd, 299 
ealenli of, 300, 373 
eongenital anomalies of, 299-300 
defìnition of, 293, 363 
iatrogenie injnry to, 361 
innervation of, 363-364 
lymphatie drainage of, 363 
lymphatie system of, 296-297 
nerves of, 297, 297 
retroeaval, 299 
veins of, 363 
Urethra, 436, 438 

female 

arterial snpply of, 368 
male nrethra vs., 374 
veins of, 368 
innervation of, 367 
male 

anatomy of, 419 
arterial snpply of, 368 
eatheterization of, 425-426 
distal, 418 

female nrethra vs., 374 

innervation of, 367, 368 

intermediate part of, 369t, 415, 451 

intramnral part of, 369t 

parts of, 369t 

prostatie, 369t 

proximal, 368 

rnptnre of, 415-416 

spongy, 369t, 369, 376, 406, 415, 418 

veins of, 368 

spongy, 369t, 369, 376, 406, 415, 418 

U rinary bladder 
apex of, 366 
arteries of, 366-367 
body of, 366 
in ehildren, 364 
eystoeele, 373 
eystoseopy of, 374, 374 
defìnition of, 364 
fnndns of, 365, 366 
in infants, 364 

innervation of, 367, 367-368 
interior of, 369 
lymphatie system of, 400 
mietnrition, 366 
neek of, 366 
mptnre of, 373 
trigone of, 366 
nvnla of, 366 
veins of, 367 
Urinary system, 4 


Urine extravasation, 415-416 

Urology, 4 

Utems 

age-related ehanges in, 393-395, 394 

antefìexed, 393 

anteverted, 393 

arteries of, 384, 388 

bimannal palpation of, 393 

body of, 383, 385, 437 

eaneer of, 211-212 

cervix of, 385, 437 
defìnition of, 385 
disposition of, 392, 393 
endometrinm of, 383, 386, 437 
examination of, 393, 393 
fnndns of, 333, 385, 437 
hystereetomy of, 393, 393 
innervation of, 389 
ligaments of, 387 
lymphatie system of, 400, 402 
menopanse-related ehanges in, 395 
mnltiparons, 394 
myometrinm of, 383, 385, 387 
neek of, 383 

perimetrinm of, 383, 385 
position of, 385, 387 
postpartnm ehanges in, 394, 394 
pregnaney-related ehanges in, 394 
prolapse of, 392, 393 
pnbertal ehanges in, 394 
relations of, 387 
Utricle 

of ear, 975, 976 
maenla of, 975 
prostatie, 365, 368, 376 
Uveitis, 911 

Uvula, 935, 936-937, 950,1032-1034 


V 

Vagina 

anatomy of, 388-389, 437 
arteries of, 389 
enldoeentesis of, 397 
enldoseopy of, 397 
digital examination throngh, 397 
distension of, 396 
fìstnlae of, 396, 396 
fnnetions of, 388-389 
innervation of, 389 
lymphatie system of, 400, 402 
ostinm of, 365 
veins of, 384, 389 
walls of, 383 
Vaginalis 

proeessns, 205, 207, 212 
tnniea, 205, 209 ,209 
Vaginismns, 434 
Vagotomy, 256-257 
Valleenlae, 1026,1044 
Valsalva manenver, 41, 1044 
Valve 
anal, 413 

aortie 

anatomy of, 137,143-144 
ensps of, 144 
insnffìeieney of, 154 
stenosis of, 154 


mitral 

anatomy of, 135,143 
ensps of, 143-144 
insnffìeieney of, 154 

pnlmonary 

anatomy of, 135, 144 
ensps of, 153 
ineompetenee of, 153 
stenosis of, 153 
semilnnar, 144 

trienspid, anatomy of, 135, 139, 143 
venons, 535 
Valve prostheses, 154 
Valvnlar heart disease, 153-154 
Valvnloplasty, 154 
Variations 

anatomieal, 12 
in lobes of Inngs, 122 
of bony pelvis, 334 
of saernm, 462 
of stomaeh disposition and 

shape, 232 

of transverse eolon disposition, 253 
Varieella-zoster vims, 96 
Variees, esophageal, 231, 254 
Varieoeele, 215 
Varix, saphenons, 561 
Vasa nervomm, 54 
Vaseetomy, 381 
Vasoeonstrietors, 118 
Vasomotion, 62 
Vein(s) (in general) 
aeeompanying, 41, 41 
arteries and, eomparisons 
between, 41 
artienlar, 28 

azygos/hemi-azygos system of, 104, 169-170, 
170, 230, 320 
eolleeting, 272 

eommnnieating, 617 
eompression of, 41 
eonnterenrrent heat exchanger, 41 
defìnition of, 41 
fìap valves of, 41 
fnnetion of, 37, 41 
large, 42 
medinm, 42 
nntrient, 23 
snperfìeial, 17, 40, 737 
varieose, 43, 43, 288, 540, 561 
Vein(s) (named) 
angnlar, 857t, 857 

antebranehial 
intermediate, 40 
median, 691, 737, 741 

appendienlar, 228 

anrienlar, posterior, 857, 858, 995, 995 

axillary 

anatomy of, 40, 89,100-101, 178-179, 691, 
715, 718, 719, 724, 994 
injnry to, 728 
right, 1008 

in snbelavian vein pnnetnre, 728 
azygos, 96, 117, 166, 169-170, 186, 280 
areh of, 138, 178-179 

basilie, 40, 690, 693, 719, 737, 740, 741, 767 
basivertebral, 473 
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Vein(s) (named) (eontd.) 

braehial, 40, 719, 737, 737 
braehioeephalie, 40, 89, 162, 724, 857, 875, 
994, 995, 995, 1004 

groove for, 112 

left, 96,101,131,137-138,164,166,170, 
178-179, 720, 982,1004,1013,1039, 
1046 

right, 96,101,137-138,162,164,166,170, 
178-179, 720,1004,1029 
bronehial, 117,117 

bronehomediastinal, left, 101 
eardiae 

148,162 

anterior, 148 ,148 
great, 148 ,148 
middle, 148 ,148 
small, 148 ,148 
eentral, 272, 275, 277 
of retina, 897, 907 

eephalie, 40, 91,100, 690, 693, 711, 715, 719, 
737, 740, 741, 767 

eerebral 

great, 867, 868, 870, 883 
inferior, 883 
middle, 883 
oeelnsion of, 876 
snperior, 868, 883 
eervieal 

deep, 495, 871 
transverse, 995, 999 
eiliary, anterior, 897 
eolie 

left, 228, 252 
middle, 228, 252 
right, 228, 240, 251, 252 
enbital, median, 40, 690, 693, 739 

entaneons 

anterior, 534, 535 
lateral, 534, 535 
eystie, 228, 278, 279 
deep, 40 

of arm, {see Vein(s) (named), profnnda 
braehii) 

of thigh, {see Vein(s) (named), profnnda 
femoris) 

digital, plantar, 620 
dorsal 

of elitoris, 367 
of great toe, 534, 535 
of little toe, 534 

of penis, 356, 376, 408, 420, 422, 422 
emissary, 860, 870-871 
frontal, 870 
mastoid, 871,871 
parietal, 870 

posterior eondylar, 871, 871 
epigastrie, 280 

inferior, 195, 201 
snperfìeial, 190,195, 534 

esophageal, 280 

faeial, 854, 857t, 857, 858, 868, 870, 995, 
1004, 1005 
eommon, 857, 998 
deep, 857t-858t, 858, 868 
thrombophlebitis of, 875-876 
transverse, 919 


femoral 

anatomy of, 40,190,195, 438, 534, 535, 
552, 556, 558, 571, 587 

eannnlation of, 561 
lateral eireumfìex, 534 
loeation of, 561 
snperfìeial, 561 
fìbnlar, 534, 535, 621 

gastrie 

left, 228, 230, 234, 237, 280 

right, 234, 237 

short, 228, 234, 237, 266 

gastro-omental 

left, 228, 234 ,237 
right, 234 ,234 

glnteal 

inferior, 356, 534, 577, 577 
snperior, 356, 534, 577, 577 
hemi-azygos, 96, 170, 178-179 ,295 
aeeessory, 96,167, 170 
hepatie, 40, 272, 273, 290, 324 

ileal, 228 

ileoeolie, 228, 249 ,252 

iliae 

eommon, 40, 290, 355, 356 
deep eireumfìex, 534 

extemal, 40, 201-202,290, 347, 356, 370, 561 
internal, 40, 347, 355, 356, 358 
iliolnmbar, 355 
intereostal, 95 
anterior, 96, 96 

left snperior, 96, 162, 167,170, 720 
posterior, 90, 95t, 95, 96, 169, 473 
right snperior, 96, 96,162 

interventrienlar 
anterior, 162 
posterior, 162 

intervertebral, 472-473, 473, 500, 504 

jejnnal, 228 
jngnlar 

anterior, 719, 995, 999,1004, 1015 

external 

anatomy of, 40, 719, 854, 857, 858, 859, 
915, 968, 982, 994, 995, 995,1004, 
1006, 1007 

prominenee of, 1008-1009 
severanee of, 1009 
internal 

anatomy of, 40, 44, 96,100-101,109, 
118,137,164, 316, 719, 724, 857, 
870, 918, 925, 944, 986, 993-994, 
999, 1004, 1004,1013,1036,1051 
left, 1039 

pnlse taking, 1011 


pnnetnre of, 1011 

right, 1039 


labial 

inferior, 857 
snperior, 857 
laryngeal, 1029, 1030 

lingnal 

deep, 941, 950 
dorsal, 941 

lobar, 116 
mammary 
lateral, 100 
medial, 100 


marginal 

lateral, 620, 621 

left, 148 

medial, 620 

maxillary, 857, 868, 995 
median, of forearm, 691 
meningeal, middle, 868 
mesenterie 

inferior, 228, 240, 252, 253, 266, 280, 290, 
325 

snperior, 228, 240, 242, 252, 266, 288, 293, 
322, 325 

metatarsal, dorsal, 40, 620, 621 
middle lobe, 116 
nasal, extemal, 857 
oblique, of left atrinm, 148, 162 
obtnrator, 356, 534 
oeeipital, 871, 995, 1004 ,1004 

ophthalmie 

inferior, 857, 868, 902, 905, 907 
snperior, 857, 858, 868, 870, 905, 907 
ovarian, 356, 384 
palatine, 1034, 1038,1047 

palpebral 
inferior, 857 
snperior, 857 
panereatie, 266, 267 
panereatieodnodenal, 228, 266 
parathyroid, 1021 
paratonsillar, 1038 
para-nmbilieal, 201, 280 

perforating, 534, 535, 577, 621, 689, 

737, 741 

perieardiaeophrenie, 129, 131 
pharyngeal, 1004, 1005 
ph 


renie 


inferior, 307 
snperior, 307 
plantar, 534, 535 
popliteal, 534, 535, 536, 586, 587 
portal, 40, 230, 240, 242, 245, 252, 265-266, 
269, 271, 272, 280-281, 298, 322, 
324-325, 356 
prepylorie, 234, 234 
profnnda braehii, 737 
profnnda femoris, 534, 535, 577 

pndendal 

external, 190, 419, 422, 534 
internal, 430, 577, 577 

pnlmonary, 112,116 

left, 116,131,138,142-143 
left inferior, 138,142, 178-179 
left snperior, 138,142 
right, 131,142-143 
right snperior, 138 
radial, 40 
reetal 

inferior, 280, 295, 371 
middle, 356, 371 
snperior, 228, 252, 280, 356, 410 
reetosigmoid, 252 
renal, 293, 356 

entrapment syndrome, 298 

left, 265, 288, 290, 322, 384 
right, 96, 295, 324 

retromandibnlar, 857, 858, 858t, 915, 995, 
995, 998 
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retroperitoneal, 280 
saeral 

lateral, 356 
median, 355 

saphenons 
aeeessory, 535 
eutdown, 541 
grafts, 540 

great (long), 40, 156, 190,192, 533, 535, 
536, 552, 554, 556, 558, 561, 621 
injniy to, 540-541 

small (short), 40, 533-534, 535, 536, 587, 
620 

segmental, 116 

sigmoid, 228, 252 

spinal 

anterior, 504, 504 
posterior, 504, 504 

splenie, 234, 234-235, 252, 264, 265, 267, 
280, 322, 324-325, 356 

snbelavian 

anatomy of, 40, 89,100-101,109,131, 

137,166, 718, 719, 724, 857, 859, 982, 
994-995,1011, 1015 ,1051 
left, 44,118, 316,1013 
pnnetnre of, 728, 1008-1009 
right, 44,1008 
snbeostal, 96, 96 
snblingnal, 941, 944 
snbmental, 857 

snpra-orbital, 857t, 857, 858, 868, 

870, 907 

snprarenal 

left, 296 
right, 296 

snpraseapnlar, 719, 724, 994-995 
snpratroehlear, 857t, 857, 858 
temporal 

deep, 858 
middle, 857 

snperfìeial, 857, 858, 858t, 995 
testienlar, 204, 209, 290 
left, 210, 356 

right, 210 
thoraeie 

intemal, 89, 95t, 96, 96, 100,162,164,166 
lateral, 195 
thoraeo-aeromial, 718 
thoraeo-epigastrie, 195, 195, 718 

thyroid 

inferior, 162, 982,1004, 1020, 1020-1021, 
1029,1031, 1038 

middle, 982, 1004, 1020, 1021,1029 
snperior, 982,1004, 1020, 1021 
tibial 

anterior, 40, 534, 621 
posterior, 534, 535, 587, 621 
nlnar, 40 

nmbilieal, 259, 270 

postnatal pateney of, 211 

nterine, 356, 384, 384, 388 
vaginal, 384 

ventrienlar, left posterior, 148 
vortieose, 895, 907, 907 

Vein(s) (of regions or organs) 
of abdominal wall 


anterolateral, 195 
posterior, 313-316 
of anal eanal, 413-414 
of arm, 737 
of brain, 883 

of eervieal region, lateral, 995, 995 
of enbital fossa, 743-744 
of diaphragm, 307, 307 
of dnetns deferens, 377 
of dnodennm, 241 
of ejaenlatory dnets, 377 
of faee, 857 

of foot, 620, 621 
of forearm, 760-761 
of hand, 782 
of heart, 148, 162 
of kidneys, 295, 296 
oflarynx, 1030 
of liver, 272, 278 

of lower limb 

deep, 535 

snperfìeial, 532, 535 
oflnngs, 116-117 
of neek, 995 
of orbit, 905, 907 

of panereas, 266 

of pelvis, 355, 356 
of perieardinm, 129 
of pharynx, 1038 
ofplenrae, 116-117 
of popliteal faseia, 587 
of prostate gland, 379 
of reetnm, 371 
of root of neek, 1015 ,1016 
of sealp, 856-858 
of serotnm, 418-419 
of seminal glands, 377 
of small intestine, 245 
of spinal eord, 504, 504 
of spinal nerve roots, 504 
of stomaeh, 234, 234 
of snprarenal glands, 295, 296 
of teeth, 934 
of thigh, 577 

of thoraeie wall, 95-96, 96 
of thyroid gland, 1020 

of tongne, 941, 943, 944 
of npper limb, 689-692 
of nreters, 363 
of nrethra 
female, 368 
male, 368, 418 
of nrinary bladder, 367 
of vagina, 384, 389 
of vertebral eolnmn, 472, 472-473 
of vnlva, 430 
Vena eavae 
inferior 

anatomy of, 40, 96,131,138,141,164, 

166,177,186, 240, 242, 245, 265, 288, 
319-320, 355, 356, 384 

eaval opening, 308 

groove for, 112, 270 

magnetie resonanee imaging of, 324 

obstmetion of, 176 

snrgieal exposure of, 133 


snperior 

anatomy of, 40, 96,131,135,138, 141,143, 
146,162, 164, 1005,1008,1011 
eompnted tomography of, 178-179 
groove for, 112 
obstrnetion of, 176 
radiographie appearanee of, 66 
snrfaee anatomy of, 100 
snrgieal exposure of, 133 
Venons network, dorsal, 689, 690, 766, 782, 787 
Venons stasis, 540 
Ventrieles 
of brain 

Ist, 878 
2nd, 878 

3rd, 866, 878, 879-880, 886, 957 
4th, 866, 878, 879-880, 886, 957,1022, 
1056 

lateral, 880, 886 
of heart 

left, 37, 66, 135, 135,138,142-143,149 
right, 37, 135, 135,138, 139-142, 143, 

161, 178-179 

laryngeal, 1023, 1025-1026 
Ventrienlar fìbrillation, 159 
Ventrienlar septal defeets, 152 
Vennles, 37, 39, 41 
Vertebra prominens, 984 
Vertebrae 

abnormal fnsion of, 462 
aging effeets on, 462-463 
anomalies of, 463 
eervieal 

anatomy of, 19, 982-984, 983 
atypieal, 984 
C1 {see Atlas) 

C2 {see Axis) 

C3-C7, 444-445, 467,1022 
C7,119 

eharaeteristies of, 443-444 
disloeation of, 457, 457 
featnres of, 443-444, 446t 
typieal, 984 

eharaeteristies of, 443-444 
defìnition of, 440 
disloeations of, 478 
fraetnres of, 477-478, 480 
fnnetion of, 440-443 
laminae of, 442 
Inmbar 

abnormal fnsion of, 462 
anatomy of, 450-451, 454^55 
body of, 291 
L2, 442 
L5, 451 

ossifìeation of, 454 
stenosis of, 460, 460 
snrfaee anatomy of, 452-453, 453 
ossifìeation of, 453-455 
pedieles of, 442 
stmetnre of, 440-443 

thoraeie 

defìnition of, 76 
deseription of, 446 
faeets of, 76, 77, 84 
featnres of, 76 
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lndex 


Vertebrae {eontd.) 

ossifìeation of, 454 
spinons proeesses of, 77, 84 
T1 

anatomy of, 73, 77, 446 
snperior eostal faeets of, 84 

T3, 161, 446 
T4,178-179, 446 
T5,178-179, 446 
T6, 77, 178-179, 446 
T8,178-179, 446 
TIO, 84, 446 
Tll, 84, 446 
T12 

anatomy of, 73, 79, 446, 448 
eostal faeets of, 77, 84 
variations in, 455-456, 464 
vasenlatnre of, 472, 472-473 

Vertebral eolnmn 
anatomy of, 440, 441 
arteries of, 472-473 
eervieal, 985 
enrvatnres of 

abnormal, 480-482, 481 
normal, 470-472, 481 
defìnition of, 464 
fìexibility of, 440 
fìexion of, 470 
hyperfìexion injnry of, 478 
injnries of, 985 
joints of, 464-469 
ligaments of, 473 
movements of, 470 
nerves of, 473-474 
regions of, 441 
rotation of, 470 
vasenlatnre of, 472-473 
veins of, 472, 472-473 
Vertex, 6 , 829 
Vertigo, 1082 
Vesieles 
optie, 897 
seminal, 374 
Vestibnle 

aortie, 142, 143 ,143 


of bony labyrinth, 970, 975 
laryngeal, 1023, 1025, 1044 
of nose, 955-956, 957,1031 
oral, 928, 929-930, 937, 941, 962 
of vagina, 386, 428, 430, 438 
View, anteroposterior (AP), 66, 67 
Villi, intestinal, 246 
Viseera 
abdominal 

deseription of, 183, 226-230 
innervation of, 300-305 
parasympathetie innervation of, 304-305 
physiology of, 227 

sympathetie innervation of, 300-301, 304 
of neek 

alimentary layer, 1032-1038 
endoerine layer, 1018-1021, 1039-1040 
respiratory layer, 1021-1032,1039-1040 
pelvie 

defìnition of, 362 
nrinary organs, 362-368 
plenra 

anatomy of, 107, 108, 112,115,118 

nerves of, 

of thoraeie eavity, 106-180, 106-ÌS3 
snrfaee anatomy of, 119-120, 171-173,180 
Viseeroeraninm, 822, 823 
Visnal fìelds 

defeets in, 1080 
deseription of, 1061 
Volkmann eontraetnre, 742 
Volvnlns, 224, 261 
Vomer, 822, 831, 936, 955 
Vnlva, 428, 430-431 
Vnlvar tranma, 432-433 


of reetns sheath, 188, 189-192, 

192-195 ,201 

of thorax, {see Thorax, walls of) 
of vagina, 383 
Wallerian degeneration, 54 

Whiplash, 459, 478, 478 

White matter, 47, 49 

White rami eommnnieantes, 58, 61 

Window 

oval, 969, 974 
ronnd, 967, 975 
Wing 

greater, of sphenoid, 826, 830, 832, 834, 869, 
889, 917,951,952, 962 
of ilinm, 328 

lesser, of sphenoid, 830, 832, 834, 869, 889 
Wounds 

palmar areh, 792 
sealp, 860 
sole of foot, 625 
Wrist 

arteries of, 759t, 759 
artienlation of, 809 
blood snpply to, 809 
bones of, 679-680, 807 
eapsnle of, 809 
eross-seetion of, 746 
defìnition of, 771 
deseription of, 809 
fraetnres of, 686, 817, 818 
innervation of, 809 
ligaments of, 809 
movements of, 809, 810 
mnseles that move, 809 
synovial eyst of, 767 
Wristdrop, 743 


w 

Wall(s) 

abdominal, {see Abdominal wall) 

of axilla, 689, 711, 713-715, 714, 718, 733 

of bladder, 366 

eapillary, 42 

of heart, 136 

of orbit, 889, 891 

of pelvie eavity, 388-389, 340 


X 

X-rays, 66, 66-67,125-127 

z 

Zone 

orbienlar, 630 
transitional, of lips, 929 
Zygomatie bone, 823, 824-825, 825, 831, 

892, 917 















